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let  Gkhssaz.  Repobt  - 

2nd.  Thirteen  Reports  upon  proved  coal  fields,  showing  quantities  worked  aud  nnw<a>ked ;  made 
hj  the  following  members  on  districts  assigned  to  them,  October  6,  1866 : — 


1.  Mr.  Vivian.   South  Wales           -  -           -            .         .         .  i 

2.  Mr.  Clark.    South  Wales         -  -  9 

3.  Mr.  Dickinson.    (1)  Forest  of  Dean  -             -            -            -         -  16 

4.  Mr.  Forster.   Northern  Connties  -            -            -            -         -       •  20 

5.  Mr.  Elliot    (1)  Northern  Coanties  -                               -                    -  26 

6.  Mr.  Dickinson.    (2)  Lancashire,  &c.  -            -            -            -            -  16 

7.  Mr.  Elliot.   (2)  North  Staffordshire  -           -           -           •         -  26 

8.  Mr,  Hartley.   Sonth  Staflbrdshire  -  27 

9.  Mr.  Woodhouse.    SJidland  Districts  -                    -  30 

10.  Mr.  Prestwich.    SomNsetshire  Districts  -            -         .         .             -  83 

11.  Mr.  Dickinson.    (8)  North  Wales     -  15 

12.  Mr.  Geddes.    Scotland         -  -            •            -         -         -         -  71 

13.  Mr.  HolL    Ireland         -            -  -            -            -         -           -  78 


8d.  Tea  Reports  and  sub-reports  hj  Committees  chosen,  July  7,  1866,  namely : — 

(1.)  A, — Committee  on  possible  depths  of  working.    (  With  power  to  take  Evidence). 

1 .  Sir  W.  G.  Armstrong,  C.B.,  8,  Great  Greorge  Street,  Westminster,  and  Newcaatle- 

on-Tyna 

2.  Thomas  Emerson  Forster,  Esq.,  7,  Ellison  Place,  Newcastle-on-Tyne. 

3.  Joseph  Dickinson,  Esq.,  Lispector  of  Mines,  Pendleton,  Manchester. 

4.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-Ia-Zonche. 

5.  Geoi^  !l^ot,  Esq.,  28,  Great  George  Street,  WeBtminster.r»-November  8th,  1866. 
First  Meeting  held  second  Tuesday  in  Septonber,  at  10  A.M.,  at  Committee  Romn  6, 

House  of  Lords. — Report,  May  14th,  1870  -  •  -  •81 

(2.)  B, — Committee  on  ffaste  in  Combustion.    {With power  to  take  Evidence.) 

1.  Henry  Husaey  Vivian,  Esp.,  M.P.,  Park  Wem,  Swansea. 

2.  John  Percy,  Esq.,  M.D.,  1,  Gloucester  Crescent,  Hyde  Park,  London. 

3.  John  Hartley,  Esq.,  Wolverhampton. 

4.  George  Thomas  Clark,  Esq.,  Dowlais  House,  Mertbyr  Tydvil. 

5.  Robert  Hunt,  Esq.,  Museum  of  Practical  Geology. — February  12,  1867. 

First  Meeting  as  above,  at  noon. 
First  Meeting  to  take  evidence  nnder  Mr.  Hunt  as  Chairman,  February  2<,  1869.— 

Report  June  9, 1871  -  -  -  -  -  -  98 

(3.)  0. — Committee  on  Waste  in  Working.    (  With  power  to  take  Evidence.) 

1.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 

2.  Thomas  Emerson  Forster,  Esq.,  7,  Ellison  Place,  Kewcastle-on-Tyne. 

3.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-la-Zouche. 

4.  John  Greddes,  Esq.,  Mining  Engineer,  9,  Melville  Ci-escent,  Edinburgh,  N.B. 

5.  George  Elliot,  Esq.,  23,  Great  George  Street,  Westminster. — November  8,  1866. 

First  Meeting  as  above,  at  2  pji. 
Report  May  4,  1870         -  -  -  -  -  -  116 

(4.)  D. — Geological  Committee  on  the  Probability  of  finding  Coal  under  Fiermianf  New 
Red  Sandstone,  and  other  superincumbent  strata.    {With  power  to  take  Evidence.) 

1.  Sir  Roderick  I.  Murchison,  Bart.,  &c.,  Ac,  16,  Belgrave  Square. 

2.  Andrew  Crombie  Ramsay,  Esq.,  28,  Jermyn  Street, 

3.  Joseph  Prestwich,  Esq.,  10,  Kent  Terrace,  Regent's  Park,  London,  N.W. 

4.  Joseph  Beete  Jukes,  Esq.,  51,  Stephen's  Green,  Dublin,  £.,  {deeetued  1669.) 

5.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-la-Zouche. 

6.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 

7.  G«orge  Elliot,  Esq.,  23,  Great  George  Street,  Westminster. — ^November  8,  1666. 

Time  aid  place  of  first  Meeting  fixed     the  Chainoan  October  10^  1866. 
ISiSS.  Vol.  L  a  2 


Digitized  by 


4t 

Report  upon  probable  but  unproved  coalfields.   Six  mb^eporti^  waafo,  fte. 


D  1.  Sir  R.  MnrchisoD.   Introdoctoiy.   July  22,  1870         -  -  -  -  118 

D  2.  FnrfbHor  Ramsay.  "N.  England.   (Hap,  sections)   -         -         .         .         .  119 

D  3.  Mr.  Prestwich.   S.  England.    July  26,  1871  -  -  -  -  146 

B  4.  Mr.  Geikie.    Scotland.   August  21,  1869         -  -  -  -  167 

B  5.  Mr.  Hall.   Ireland.   May  27,  1871         ....  .  168 

D  6w  PtofMSor  Bomsay.   July  26,  1871    .......  140 


(10.)  E. — Committee  on  Mineral  Staiigtici.   {With power  to  take  Evidence.) 

1.  8ix  Boderidc  L  Morchison,  Bart.,  Ac,  Ac.,  1^  BdgraTe  Square. 

2.  Robert  Hunt,  Esq.,  F.R.S.,  Maseum  of  Practical  Greology. 
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the  preliminary  uwrA,  which  is  placed  at  the  end  of  Vol,  IL 
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R  E  P  O  B  T 


OF-  THE 

COMMISSION  Td  INQUIRE  INTO  THE  SEVElRAL  MATTERS  RELATIVE 
TO  COAIi  IN  THE  UNITED  KINGDOM,  JutT  27,  1871. 


TO  THE  QUEEN'S  irOST  EXCELtENT  MAJESTY. 

Mat  it  please  Youk  Majesty, 

We#  Tour  Majesty's  Commissioners,  were  appointed  June  28th,  1866^  upop  a 
humble  address,  moved  June  12  andpreserited  by  Parliament,  praying  that  you  would  be 
graciously  jpleased  to  issue  a  Royal  Commission  for  the  following  purposes  : — 

"  To  investigate  the  probable  quaiitity  of  coal  contained  in  the  coidfielda  of  the  United  Thirteen 
"  Kingdom,  imd  to  report  on  the  quantity  of  such  coal  which  may  be  reasonably  e<-  J^J^icJ^ 
"  pected  to  be  available  for  u^e 

"  Whether  it  is  probable  that  coal  exists  at  workable  depths  under  the  Permian,  New 
"  Red  Sandstone,  and  other  superincumbent  strata A.  «id  D. 

"  To  inquire  as  to  the  qu^mtity  of  coal  at  present  consumed  in  the  various  branches  ^* 
"  of  manaiacture,  for  steam  navigation,  and  for  domestic  purposes,  as  well  as  the  quantity 
*'  exported,  and  how  far,  and  to  what  extent,  sudi  consumption  and  export  may  be 

"  expected  to  increase 

"  And  whether  there  is  reason  to  believe  that  coal  is  lasted,  by  bad  working —  C. 
"or  by  carelessness,  or  neglect  of  proper  appliances  for  its  economical  consumption.*'  B. 

We  were  appointed  by  Your  Majesty  "  for  the  purposes  aforesaid.** 
And  we,  or  five  or  more  of  us,  were  authorised  and  empowered  as  follows  : 
*'  To  invite  all  such  persons  as  you  may  judge  most  competent  by  reason  of  their  Power  to 
"  situation,  knowledge,  or  experience  to  aflEbrd  you  correct  information  on  the  sulject  of 
"  this  inquiry,  and  to  bring  with  them  all  such  books,  documents,  papers,  and  accounts  ^^"^  * 
"  as  may  appear  to  you,  or.  any  five  or  more  of  you,  calculated  to  assist  your  researches 
"  in  the  execution  of  the  trust  hereby  reposed  in  you  ;  and  to  inquire  concerning  the 
premises  by  all  other  lawful  ways  and  means  whatsoever.** 

We  were  .commanded  to  report  ii;  accordance  with  the  following  instructionB : — - 

"  We  do  command  and  require  you>  or  any  five  or  more  of  you,  to  report  to  Us  Five  or  more 
"  in  writing  under  your  hands  and  seals,  or  i  under  the  hands  and  seals  of  any  five  or  ^^^poi^ 
**  more  of  you,  as  soon  as  the  same  can  reasonably  be,  your  several  proceedings  by  virtue 
"  of  this  Our  Commission,  together  with  your  opinion  on  the  several  matters  herein 

"  submitted  for  your  consideration." 

In  obedience  to  these  Your  Majesty's  commands,  we  do  now  most  humbly  report  as  P^o^^nioa. 
follows : —  Five  oom- 

At  the  first  meeting  of  the  Coal  Commission,  held  Jul^  7th,  1866,  at  Committee  ""''^j-j 
Room  G,  House  of  Lords,  the  Commission  decided.  That  it  was  expedient  to  divide  *P1?**"**^- 
their  inquiry,  and  to-iap(Kaiit  oommittCes  to  investigate  separate  subjects;  but  that- 
every  member  of  the  Commission  should  have  leave  to  serve  on  any  committee  he  pleased, 
in  addition  to  that  specially  assigned  to'hlm. 

Five  committees  were- then  chosen : — 

A.  — Committee  on  posuble  depths  of  working ; 

B.  — Committee  on  waste  in  combustion ; 
O. — Committee  on  waste  in  working ; 

D. — Committee  on  the  probability  of  finding  coal  under  Fermiaoj  New  Red 
Sandstone,  and  other  superincumbent  strata ; 
(5.)  ]EI.~Committee  on  mineral  statistics. 

The  powers  granted  to  the  Commissioners  by  Your  Mt^esty  were  transferred  to  these 
committees,  liiey  were  requested  to  examine  witnesses,  to  inijuire  by  all  lawful  ways 
and  means,  and  to  report  to  the  Commission  upon  the  subjects  specially  assigned 
to  them. 
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In  order  to  investigate  tlie  probable  quantities  of  coal  contained  in  tbe  known  coalfields 
of  tbe  United  Kingdom  and  available  ibr  use/  it  was  agreed  as  follows,  October  10th, 
1866:— 

That  the  *  quantity  of  coal '  in  each  field,  worked  and  unworked,  be  inquired  into  by- 
separate  members  of  the  Commission,  and  that  for  carrying  out  this  object  the  United 
Kingdom  should  be  divided  into  thirteen  districts,  which  were  assigned  to  different 
members,  as  shown  in  detail  in  the  general  minutes  at  pages  4,  14,  and  64.   Vol.  II. 

The  inquiry  assigned  to  the  Commission  at  first  was  thus  eteparated  into  eighteen 
divisions.  Later  on  it  was  found  expedient  to  subdivide  the  geological  inquiries  assigned 
to  Committee  D,  and  to  assign  some  branches  to  gentlemen  who  do  not  belong  to  the 
Commission.  Thus  twenty-three  separate  investigations  have  been  carried  on 
simultaneously. 

The  proceedings  of  the  five  committees  are  printed  separately.  They  are  paged  under 
their  distinguishing  letters  A,  B,  C,  D,  in  Vol.  II.,  and  E,  Vol.  III. 

When  separate  coal  districts  were  assigned  to  members  on  the  1 0th  of  October  1866, 
it  was  seen  that  paid  assistance  was  necessary  to  carry  on  inquiries  of  great  magnitude 
and  difficulty.  Accordingly,  application  was  made  for  sanction  through  the  Home  Office 
to  the  Treasury  in  the  usual  manner.  On  the  12th  of  March  1867,  the  necessary 
sanction  was  granted  by  the  Treasury,  upon  estimates  prepared  by  the  Commissioners 
to  whom  districts  had  been  assigned,  and  by  the  chairmen  or  the  five  committees. 

The  members  chosen,  as  soon  as  sanction  was  got,  proceeded  each  on  his  own  plan  to 
investigate  the  probable  quantity  of  coal  in  each  district  which  might  be  reasonably 
expected  to  be  available  for  use,  and  they  reported  separately  from  time  to  time,  as 
their  work  was  completed.  Their  reports  are  separately  printed  in  Vol.  I.  The 
progress  of  this  part  of  the  work  is  shown  in  the  general  minutes  of  the  Commission, 
which  have  been  sent  to  the  Home  Office  fiom  tune  to  time. 

On  the  22nd  December  1868  a  sixth  committee  was  named  to  select  maps,  and  to 
obtain  Treasury  sanction  to  their  publication.  The  last  sanction  was  asked  on  the  15th 
of  April  1871>  and  granted  June  7th. 

It  has  been  necessary  to  print  the  minutes,  evidence,  and  other  proceedings,  because 
each  of  the  sixteen  members  of  the  Commission,  under  the  minute  of  July  7th,  1866, 
was  also  a  member  of  all  the  committees,  and  had  to  be  informed  of  their  progress  and 
proceedings.   The  Secretary  had  no  assistance  in  his  department. 

On  the  l6th  of  March  1870,  it  was  decided  to  assign  the  drafting  of  the  general 
report  to  a  seventh  committee,  to  consist  of  the  following  gentlemen :  1,  Sir  William 
Armstrong;  2.  Mr.  Woodhouse;  3.  Professor  Bamsay.  The  Secretary  to  serve  on 
this  in  addition  to  the  other  Committees. 

On  the  9th  of  June  1871  the  work  had  so  far  advanced  that  the  reporters  held  their 
first  meeting.  Their  draft  report  is  founded  upon  twenty-three  sub-reports  made  to  the 
CommissioD  by  their  committees,  and  by  the  members  to  whom  separate  subjects  and 
districts  were  assigned  in  July  and  October  1866,  as  shown  above. 

Having  thus  given,  in  obedience  to  Your  Majesty's  commands,  a  brief  account  of  our 
appointment,  powers,  and  proceedings,  of  our  mode  of  action,  and  method  of  collecting 
materials,  we  now  proceed  further  to  state  our  opinions  on  the  several  matters 
submitted  for  our  consideration. 


The  following  are  the  known  coalfields  of  Grea 

England. 

1.  South  Wales. 

2.  Forest  of  Dean. 

3.  Bristol  and  Somerset. 

4.  Warwickshire. 

5.  South  Staffordshire. 

6.  Coalbrookdale  and  Forest  of 

Wyre.    Shrewsbury  and  Le 
Botwood. 

7.  Cleehills. 

8.  Leicestershire, 

9.  North  Wales  (Flint  and  Den- 

bi^). 


Britain  and  Irdand. 


10.  Anglesey. 

11.  North  Stafibrdshire. 

12.  Cheshire. 

13.  Lancashire. 

14.  Midland  (Yorkshu^  Derby,  and 

Nottingham). 

15.  Northumberland  and  Durham. 

16.  Black  Burton. 

17.  Cumberland. 
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Scotland. 

The  great  coalfields  between  the  Firth  of  Forth  and  Clyde  and  others,  namely, — 


18.  Edinburgh. 

19.  Lanarkshire. 

20.  Fifeshire. 

21.  Ayrshire. 

22.  East  Lothian. 

23.  Fritii  of  Forth. 

24.  Dumfriesshire. 

25.  West  Lothian. 


34.  Antrim. 

35.  Dungannon. 


Ibeland. 


26.  Perthshire. 

27.  StirUngshire. 

28.  Clackmannanshire. 
29>  Dumbartonshire. 

30.  Renfrewshire. 

31.  At^llshire. 

32.  Sutherlandshire. 

33.  Roxburghshire. 


36.  Tipperary. 

37.  Kilkenny. 


Possible  Depth  of  Working, 

Large  portions  of  some  of  these  coalfields  lie  at  a  greater  depth  than  has  yet  been 
reached  in  mining ;  and  it  has  been  an  important  subject  of  investigation  to  determine 
the  maximum  depth  to  which  it  would  be  possible  to  work  coal.  This  branch  of  the 
inquiry  was  assigned  to  Committee  A. ;  and  the  substance  of  their  report  is  as 
follows : — 

I.  The  increase  of  temperature  which  accompanies  increase  of  depth  is  the  only  cause  Committee 
which  it  is  necessary  to  consider,  as  limiting  the  depths  at  which  it  may  be  practicable  to  A. 
work  cofd.    In  this  country  the  temperature  of  the  eartii  is  constant  at  a  depth  of  about  Possible 
fifty  feet;  and  at  that  depth  the  temperature  is  fifty  degrees  Fahrenheit.  The  rate  of 
increase  of  the  temperature  of  the  strata  in  the  coal  districts  of  England  is  in  general 

about  one  degree  of  Fahrenheit  for  every  sixty  feet  of  depth. 

II.  High  temperature  of  the  strata  operates  as  an  impediment  to  deep  working,  by 
heating  the  air  circulating  through  the  passages  of  the  mine.  This  heating  process  is 
most  rapid  at  first,  when  the  difference  of  temperature  between  the  air  and  the  strata 
is  greatest,  and  gradually  diminishes  as  the  length  of  the  passage  is  extended,  never 
ceasing  until  complete  assimilation  of  temperature  is  effected.  The  progress  towards  the 
assimilation  of  temperature  is  much  more  rapid  when  the  air  comes  in  contact  with  the 
working  fiice  of  the  coal,  which,  from  being  newly  exposed,  is  more  highly  heated  than 
the  sunaces  of  the  permanent  air  courses.  The  rapidity,  however,  with  which  the  air 
takes  up  heat  from  the  working  face  depends  in  a  great  degree  upon  the  system  of 
working.  In  the  cellular  system  called  '*  pillar  and  stall "  the  air  seems  to  acquire,  almost 
immediately,  the  full  temperature  of  the  coal.  But  under  the  "  long  wall "  system, 
there  are  instances  of  the  air  retaining  a  considerable  inferiority  of  temperature  after 
sweeping  past  the  working  face. 

III.  The  great  outlay  of  capital  involved  in  sinking  pits  to  coal  lying  at  extreme 
depths  would  render  it  necessary  to  work  a  large  area  of  coal  from  each  sinking ;  and 
this  would  involve  air  courses  of  great  length.  At  short  distances  from  the  shaft 
increased  ventilation  has  a  consderable  influence  in  lowering  temperature;  but  at  long 
distances  from  the  shaft  the  cooling  effect  of  increased  ventilation  becomes  insignificant. 

IV.  The  absorption  of  heat  froim  the  strata  by  the  circulation  of  the  air  gradually 
lowers  the  temperature  of  a  mine.  This  reduction  of  temperature  is  most  rapid  when 
the  air  courses  are  new,  and  it  takes  place  to  the  greatest  extent  near  the  shaft  where 
the  air  is  coldest.  From  the  evidence  it  appears  that  the  largest  reduction  of  tempera- 
ture thus  effected  at  distances  exceeding  two  thousand  yards  was  six  degrees  of 
Fahrenheit ;  while  at  distances  exceeding  three  thousand  yards,  it  was  in  no  case  more  than 
one  and  a  half  degrees. 

V.  The  question  of  the  maximum  temperature  of  air  which  is  compatible  with  the 
healthful  exercise  of  human  labour  was  very  difficult  to  decide.  Evidence  was  given 
ot  extraordinary  temperatures  endured  in  the  stoke-holes  of  steamers  and  in  the  places 
where  glass-blowers  work.  In  some  of  these  cases  labour  has  been  carried  on,  without 
serious  detriment  to  health,  where  the  thermometer  has  indicated  one  hundred  and  eighty 
degrees  Fahrenheit.  In  these  instances,  however,  the  thermometer  was  chiefly  acted  on 
by  radiant  heat,  and  therefore  did  not  truly  indicate  the  actual  temperature  of  the  air. 
In  an  experiment  made  under  the  direction  of  the  Committee,  it  was  found  that  a  ther- 
mometer suspended  in  a  stoke  hole,  and  exposed  to  the  radiation  from  the  boilers,  indicated 
a  temperature  of  a  hundred  and  five  degrees ;  while  another  thermometer  in  the  same 

a  4i 


Digitized  by 


Google 


via 


Committee 

A. 
Fosaible 
depth  of 
working. 


Committee 
C. 

Waste  in 
working. 


position,  but  carefully  screened  from  the  radiantlieat,  stood  at  onlj  seventy-eight  degrees. 
It  is  important  also  ^  observe  that  the  men  who  work  in  stoke-holes  and  glass-houses 
have  ready  access  to  the  external  air,  and  avail  themselves  of  numerous  intervals  in  their 
labour  to  cool  themfielves.  One  of  the  medical  witnesses,  who  had  spent  a  great  part  of 
his  life  in  tropical  climates,  states  that  he  had  experienced  a  temperature  of  one  hundred 
and  twenty-6ve  degrees  Fahrenheit  in  the  shade,  and  that  this  great  heat  was  rendered 
quite  endurable  by  the  dryness  of  the  atmosphere ;  on  the  other  hand,  be  had  felt  a 
damp  atmosphere  almost  mtolerable  at  the  comparatively  low  temperature  of  eighty-six 
degress.  The  Committee  had  information  of  mming  work  being  executed  in  a  Cornish 
mine,  where  the  air  was  heated  by  a  hot  spring  to  a  temperature  which  was  said  to 
amount  to  one  hundred  and  seventeen  degrees,  and  was  also  by  the  same  cause  saturated 
with  moisture.  They,  therefore,  deputed  Doctor  John  Burdon  Sanderson  to  visit  this  mine, 
and  investigate  the  facts  of  the  case.  I^e  found  the  highest  temperature  to  exist  at  the 
extremity  of  an  excavation,  forming  a  short  cul  ide  sac,  where  a  stream  of.Tjrater  entered  at 
a  temperature  of  a  hundred  and  fourteen  and  a  half  degrees.  At  a  distance  oF  one  yard 
from  the  end  of  this  cul  de  sac,  the  thermometer  indicated  a  temperature  ofa  hundred  and 
three  degrees,  but  at  a  distance  of  only  ten  feet  there  was  access  to  air,  where  the  ther- 
mometer stood  at  eighty-one  degrees.  According  to  other  evidence  the  temperature 
of  the  air  occasionally  reached  123°,  The  miners  remained  in  the  workings  ax 
hours  out  of  the  twenty-four.  Four  men  were  employed  at  a  time,  of  whom  two  were 
always  at  rest  in  the  cool  air,  and  the  other  two  were  not  always  at  work ;  the  time 
occupied  in  resting  being  considerably  more  than  that  occupied  m  working.  Thus  the 
total  duration  of  each  man*s  work  was  less  than  three  hours  in  the  twenty-four.  No 
miner  remained  more  than  fifteen  minutes  m  the  heat  at  one  time.  Doctor  Sanderson 
described  the  condition  of  each  miner  on  retreating  into  the  cool  air  to  be  one  of  complete 
exhaustion,  but  by  allowing  cool  water  to  pour  over  his  body  the  distress  and  exhaustion 
quickly  passed  off;  and  he  concluded  that  the  occupation  in  question  was  not  necessarily- 
inconsistent  with  the  enjoyment  of  vigorous  health  ;  but  he  mund  that  there  were  many 
men  who,  after  trying  the  work,  were  compelled  to  dedst  on  account  of  the  distress  and 
exhaustion  which  was  produced.  In  Doctor  Sanderson's  opinion,  the  immunity  from 
injury  to  health,  which  most  men  employed,  in  these  hot  workings  appear  to  enjoy,  is 
attributable  to  the  shortness  of  the  penod  during  which  they  are  exposed  to  the  high 
temperature,  and  to  the  readmess  with  which  they  can  escape  to  a  well  ventilated 
cooling  place  the  moment  they  are  incapacitated  for  nirther  exertion  by  disorder  of  the 
circulation,  and  increase  of  the  temperature  of  the  body. 

Doctor  Sanderson  also  states  it  to  be  his  decided  opmion  that  labour  is  not  practi- 
cable in  moist  air  ofa  temjierature  equal  to  that  of  the  blood,  namely  ninety-eight  degrees, 
excepting  for  very  short  intervals ;  and  this  conclusion  is  in  harmony  with  the  other 
medical  evidence. 

VI.  The  evidence  having  shown  that  tlie  question  of  maximum  temperature  under 
which  work  could  be  carried  on  in  a  coal  mine  hinges  in  a  great  measure  on  the  hygro-  - 
metric  condition  of  the  air,  the  Committee  proceeded  to  inquire  what  was  the  state  of  the 
air  in  regard  to  moisture  in  coal  mines  P  The  observations  which  they  collected  on  this 
point  show  that  the  air  at  the  working  faces  of  the  coal  was  always  humid,  and  often 
saturated  with  moisture.  In  general,  however^  the  deepest  collieries  appear  to  be  the 
dryest,  although  there  does  not  appear  to  be  any  ratio  between  depth  and  dryness. 
The  depth  at  which  the  temperature  of  the  earth  would  amount  to  blood  heat,  or  ninety'- 
eight  degrees,  is  about  three  thousand  feet.  Under  the  long-wall  system  of  working,  a 
difference  of  about  seven  degrees  appears  to  exist  between  the  temperature  of  the  air  and 
that  of  the  strata  at  the  working  faces  ;  and  this  difference  represents  a  further  depth  of 
four  hundred  and  twenty  feet ;  so  that  the  depth  at  which  tiie  temperature  of  the  air 
would,  under  present  conditions,  become  equal  to  the  heat  of  the  blood,  would  be  about 
three  thousand  four  hundred  imd  twenty  feet.  Beyond  this  point  the  considerations  - 
afiecting  increase  of  depth  and  temperature  become  so  speculative,  that  the  Committee 
felt  it  necessary  to  leave  the  question  in  uncertainty  :  but,  looking  to  possible  expedients 
which  the  friture  may  elicit  for  reducing  the  temperature,  they  considered  it  might  fairly 
be  assumed  that  a  depth  of  at  least  fbsr- thousand 'feet  might  foe  reached. 

Waste  in  Working. 

Another  consideration  affecting  an  estimate  of  the  quantity  of  available  coal  is  the 
amount  of  waste  incident  to  mining  it.  This  question  was  assigned  to  Committee  C, 
who  were  requested  to  inquire  "  whether  there  is  reason  to  believe  that  coal  is  wasted  by 
bad  working  or  by  carelessness."  According  to  their  report,  although  in  many  instances 
waste  in  working  is  reduced  to  a  minimum,  and  although  manifest  improvement  is  being 
made  in  the  working  of  coal,  especially  by  tiie  extension  of  the  system  of  **  long  wall. 
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nevertheless  coal  is  wasted  by  bad  working  and  by  carelessness,  and  that  to  a  very  Committee 
considerable  amount  in  proportion  to  the  amount  which  is  actually  used.    Under  favor-  C. 
able  systems  of  working  the  loss  is  about  ten  per  cent.,  while  in  a  very  large  number  of  Waste  in 
instances  the  ordinary  waste  and  loss  amoimts  to  forty  per  cent.  woAing. 

In  addition  to  this  waste  by  working,  much  coal  is  sacrificed  by  the  necessity  for 
leaving  coal  for  barriers,  and  for  the  support  of  buildings,  and  for  other  objects  fully 
detailed  in  the  report. 

The  waste  ana  loss  from  these  causes  varies  so  much  in  different  districts  that  it  was 
found  best  to  leave  each  Commissioner  to  whom  a  district  was  assigned  to  form  his  own 
estimate  of  the  deductions  to  be  made. 

Quantities  of  Coal  in  known  Coalfields. 

Adopting  four  thousand  feet  as  the  limit  of  practicable  depth  in  working,  and  accepting  Qaantities  in 
the  estimate  of  each  Commissioner  for  the  waste  and  loss  incident  to  working  the  coal  in  known  coal 
the  district  assigned  to  him,  we  now  present  the  following  estimate  of  the  quantities  of 
available  coal  contained  in  the  several  disti^cts  which  together  comprise  all  the  coal  fields 
ftbove  enumerated. 

SniouBT  of  Results  of  Eepoets  aa  to  Quantities  of  CoaIi  worked  and  unworked  in  certain 

districts. 


CommiBsioiier,  tnd 
Kmnber  on  liisBeport. 


No. 


Name  of  Coalfield. 


Amonat  of  Coal  In 

Statnte  Tom  to 
depths  not  exceeding 

4,000ft.,  and  after  the 
necessary  deductions. 


AmoitQt  of  Coal  in 
Statnte  Tons 

at  depths  exceeding 
4,000ft,  and  after  the 
Deceseary  dedoctions. 


Totals  of  Coal  in 
Statute  Tons  in  each 

Coalfield  after  the 
neoeflsarr  deductions. 


1.  Ifr.  yivian  - 

2.  Mr.  Clark  - 

3.  Mr.  Dickineott 

10.  Mr.  Prestwich 
9.  Mr.WoodhouBe 

8.  Mr.  Hartley  - 

Do. 

Da 

&  Hr.Woodhonse 

11.  Mr.  DickuuKm 

Do. 

7.  Mr.  Elliot  - 
6;.  "Mr,  Dickinson 

9.  Mr.Woodhouse 

Do. 

4.  Mr.  ForBter  - 

5.  Mr.  Elliot  - 
4.  Mr.  Forater  - 


12.  Mr.  Geddes 
Do. 
Do. 
.  Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


18.Profe88orJnk», 
commissioner 
{deceased),  and 
Mr.HulL 

Do. 

Do. 

Do. 

Do.  - 
Do. 


2 
8 
4 
£ 
6 

7 

8 

9 
10 
11 

12 

13 
14 

H 

16 


17 
18 

19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


83 


34 

•65 
36 
37 
38 


South  Wales  - 

Forest  of  Dean 
Bristol 

Warwickshire 
South  Stafibrdshire 
Coalbrook  Dale  uid 

Forest  of  Wyre 
Glee  Hills 
Leicestershire 
North  Wales 
Anglesey 

North  Staffoi-dahire 
Lancashire  and 
Cheshire 
Midland  • 
Black  Barton 
Northumberland  and 
Durham  • 
Cumberland 

SCOTLAKD. 

Edinburgh  - 

LanarksMre 

Fifeshire 

Ayrshire 

Eut  Lothian 

Frith  of  Forth 

Dumfrieshire 

West  Lothian 

Perthshire 

Sterlingshire 

Clackmanansfau'e 

D  iimbarton  shire 

Renfrewshire 

Ai^leshire 

Sutherlandsfaire 

Roxburghshire 


Irelakd. 
Ball7castle(  Antrim  Co.) 


Tyrone 

Leinster  (Queen's  Co.) 
Tipperary 

Munster  (Clare,  Ac.)  - 
Coanaught  - 


82,456,208,918 

265,000,000 
4,218,970,762 
458,652,714 

1,906,119,768 

886,799,734 
2,005,000,000 
5,000,000 
3,825,488,105 

5,546,000,000 

18,172,071,433 
70,964,011 

10,036,660,286 

405,203,792 


2,153,703,860 
2,044,090.216 
1,098,402,895 
1,785,397,089 
86,849,880 
1,800,000,000 
358,173,995 
127,621,800 
109,895,040 
106,475,436 
87,563,494 
48,618,320 
25,881,285 
7,223,120 
3,500,000 
70,000 


16,000;000 


6,300,000 
77,580,000 
25,000,000 
20,000,000 
10,800,000 


4,109,987,004 

Nil. 
1,885,340,280 
NiL 


1,000,786,488 

90,000,000 

234,728,010 
Nil. 


90,207,286,398 


7,320,840,722 


36,566,195,917 

265,000,000 
6,104,310,982 
458,652,714 

1,906,119,768 

836,799,784 
2,005,000,000 
5,000,000 
4,826,273,593 

5,686,000,000 

18,406,799,443 
70,964,011 

10,036,660,236 

405,203,792 


2,153,703,360 
2,044,090,216 
1,098,402,895 
1,785,397,089 
83,849,880 
1,800,000,000 
358,173,995 
127,621,800 
109,895,040 
106,475,436 
87,563,494 
48,618,320 
25,881,285 
7,223,120 
3,500,000 
70,000 


-  16,000,000 


6,300,000 
77,580,000 
25,000,000 
20,000,000 
10,800,000 


97,528,126,210 


Aofe,— It  was  an  instractim  to  the  Commissioners  to  whom  the  districts  were  assigned  to  exda^ 
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Comnittee  2). — Coal  under  the  Pttrmian  and  Newer  Strata. 

The  coal  fields  wbicb  fonn  the  subject  of  the  foregoing  estimates  are  limited  to  areas 
within  which  the  coal-bearing  strata  are  at  the  surface,  or  have  been  proved  by  mining 
operations  to  underlie  more  recent  formations.  But  it  can  also  be  shown  from  giiologicid 
considerations  that  large  tracts  of  coal  exist  under  the  Permian,  New  Red  Sandstone, 
and  other  supenncuml^nt  strata,  in  districts  where  at  present  it  has  not  been  pioved  by 
actual  exploration. 

The  determination  of  the  extent  of  these  tracts  of  coal  has  been  the  work  of  Committee 
D,  by  whom  the  United  Kingdom  was  divided  into  four  districts,  which  were  assigned 
to  competent  geologists  for  the  purposes  of  the  report ;  namely,  Professor  Ramsay  and 
Mr.  Prestwich  tor  England ;  Professor  Greikie  for  Scotland ;  and  the  late  Professor  Jukes, 
who  was  succeeded  by  Professor  Hull,  for  Ireland. 

Before  giving  their  results  as  to  quantities  of  available  coal  contained  in  these  unproved 
districts,  the  fculowing  brief  statement  of  generally  accepted  geological  facts  connected 
with  coal  will  assist  in  the  comprehension  of  the  subject. 

Coal  consists  of  mineralized  vegetable  matter  occurring  in  seams,  interstratified  with 
beds  of  sandstone,  shale,  and  ironstone,  and  more  rarely  of  limestone,  and  these  together  are 
called  the  Coal-measures ,  which  in  some  coalfields  attain  a  thickness  of  man^  thousand  feet. 

Originally  the  vegetable  matter  consisted  of  plants  which  grew  and  died  on  the  soils 
where  they  flourished  during  the  carboniferous  epoch.  Passing  through  the  stage  of 
peat,  each  bed  got  buried  under  successive  sediments,  and  through  the  influence  of 
time,  chemical  changes,  and  pressure  of  the  overlying  strata,  passed  into  the  state  of 
lignite,  and  eventually  became  converted  into  coal.  There  is,  therefore,  now  no  further 
growth  of  coal  in  the  Coal-measures. 

These  carboniferous  strata,  while  being  formed,  occupied  immense  areas,  and  in  general 
terms  may  be  said  to  have  been  deposited  and  more  or  less  consolidated  into  horizontal 
rock  masses.  The  Permian  (the  last  of  the  Palseozoic  formations),  the  New  Red  Sand- 
stone and  Marl,  and  other  secondary  or  Mesozoic  strata,  succeed  the  carboniferous  rocks  in 
the  scale  of  the  geological  formations,  and  these  in  their  turn  have  in  places  been  overlaid 
by  tertiary  and  post-tertiary  strata. 

In  Britain  and  elsewhere,  before  the  deposition  of  the  Permian  beds,  the  carboniferous 
rocks,  originally  horizontal,  and  all  the  formations  of  older  date,  were  disturbed  and 
often  thrown  into  a  series  of  wave-like  curves  or  contortions,  thus  (flg.  1)  : — 


Fig.  1. 


1.  Coal  measures. 

2.  Millstone  grit. 


3.  Carboniferous  limestone. 

4.  Other  older  formations. 


After  this  disturbance,  waste,  or  in  other  words  denudaiion,  ensued ;  and  the  upper 
part  of  the  curves  being  most  exposed  were  removed,  say  along  an  average  line  a,  a,  and 
helped  to  supply  material  for  newer  strata.  The  lower  part  of  the  curves  below  the 
line  a,  a,  were  preserved  from  destruction  by  their  position. 

During  and  after  this  waste  of  the  carboniferous  rocks  the  Permian  and  other  later 
strata  were  deposited  on  the  eroded  edges  of  the  carboniferous  beds,  and  these  in  their 
turn  also  underwent  disturbances  in  Britain  in  a  minor  degree  followed  by  denudation.  It 
thus  happens  that  the  Permian  and  other  strata  lie  itnconfitrmably  on  the  carboniferous 
rocks  (tig.  2). 

Fig.  2. 
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1.  Coal  measures. 
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Attention  being  given  to  the  strike  and  dip  of  the  Coal-measures,  and  to  the  manner  in 
which  they  pass  under  the  edge  of  the  Permian  or  other  strata,  it  is  often  possible  to  gwIoIt. 
form  a  correct  idea  of  the  thickness  of  the  superincumbent  strata  2,  the  depth  to  the 
surface  of  the  Coal-measures  1,  along  the  line       and  beneath  that  to  certain  beds  of 
coal  which  crop  to  the  surface  at  a,  6,  c,  </,  for  example,  in  two  shafts /y  ^.    See  Fig.  2. 

It  is  also  possible  to  estimate,  sometimes  certainly,  sometimes  approximately,  the  area 
occupied  by  Coal-measures  under  the  overlying  Permian  and  Secondary  formations,  and 
even  to  infer  the  basin-shaped  form  of  a  coalfield, .  part  of  which  is  concealed,  thus 


Fig,  3. 


1.  Carboniferons  limestone.  4.  Magnesian  limestone  (Permian.) 

2.  Millstone  grit.  6.  New  red  sandstone. 
8.  Coal  meaenrefi        beds  t&  coaL                 6.  New  red  marL 


It  is  by  attention  to  physical  phenomena  such  as  these,  and  to  details  of  stratifica- 
tion, such  as  faults  and  other  disturbances,  thickening  and  thinnine  of  the  formations, 
greater  or  less  unconformity,  &c.,  that  the  results  were  arrived  at  embodied  in  the  Reports 
of  Committee  D. 

In  estimating  quantities  of  coal  under  newer  formations,  the  same  depth  as  before 
stated,  namely,  four  thousand  feet,  was  adopted  as  the  limit  of  practicable  working ;  and 
allowances  for  waste  and  loss  of  coal  were  made  in  conformity  with  those  adopted  by  the 
Commissioners  who  reported  upon  the  quantities  contained  in  the  known  coalfields. 
The  results  of  these  estimates  of  Committee  D  are  exhibited  in  the  following  tabular 
statement ; — 


SuMUABT  of  probable  Amount  of  Coal  under  Pebmian  and  other  overlying  Formations  at  depthc 
of  less  than  4,000  feet ;  40  p^  cent,  deducted  for  loss  and  other  contingenciea. 


INstzieta. 

Under. 

8q.  miles. 

Tone 

Warwickshire  - 

Permian 

73 

2,165,000,000" 

Warwickshire,  south  of  Kingsbury   -  - 

New  Red 

5 

150,000,000  ' 

Warwickshire,  north  of  Atherstone   -         -  . 

New  Red 

6 

179,000,000 

I^eicestershire,  Moira  district   -        -         -  - 

Permian 

15 

1,000,000,000 

Leicestershire,  Coleorton  district  - 

New  Bed 

25  to  28 

790,000,000 

District  between  the  Warwickshire  and  South  Staf- 

Permian and  New  Bed 

116 

3^,000^000 

fordshire  Coalfield. 

District  between  Sonth  StaSbrdBhire  and  Shropshire 

n 

195 

5,800,000,000 

CoalfieldB. 

Betwem  the  South  StitiSbrdshire  and  Coalbrookdale 

» 

200 

4,580,000,000 

Coalfields   to  the  Cheadle  and  North  Stafford- 

shire Gaalfields. 

East  of  the  Denbighshire  Coalfield 

n 

50 

2,489,000,000 

West  and  S.W.  border  of  the  North  Stafibrdshire 

n 

50 

1,500,000,000 

Coalfield. 

Cheshire,  west  of  the  £!erridge  -  - 

Permian  and  New  Bed 

9 

62,000,000 

Cheshire,  between  Woodford  &ult  and  Denton 

n 

36 

1,790,000,000 

Lancashire,  east  and  west  of  Manchester 

t» 

so 

350,000,000 

Lancashire,  west  of  Eccles  and  Stratford  to  Frea- 

n 

130 

3,883,000,000 

cott,  Runcorn,  and  H  ale-on-the-Mersey. 

-The  Wirrell,  the  Mersey,  and  country  to  the  north 

New  Red 

216 

3.000,000,000 

Yorkshire,  Derbyshire  and  Nottinghamshire 

Permian  and  New  Bed 

900 

23,082,OCO,000 

Vale  of  Eden          -   •  - 

Penniao 

40 

1,593,000,000 

Inglettm  and  Burton     -      .       -  - 

8 

33,000^000 

•Serem  Valley         -         -       -         -  . 

New  Bed  Marl 

45 

400,000,000 

b  2 
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District. 


Tons. 


Scotland 


SCOTLAKD. 

- 1         Permian      .    |       —        |  Ko  estimate. 


Irex-aki). 


Tyrone 

Total 


27,000,000 
56;273,OO0^OOO 


Committee  D  has  also  investigated  the  probability  of  the  existence  of  coal  where  its 
presence  is  not  indicated,  either  by  mioing  operations  or  by  the  outcrop  of  carboniferous 
strata  in  the  immeiliate  locality 

Committee      The  following  is  the  general  purport  of  the  report  made  by  Mr.  Prestwich  on  the 
D.        probabilities  of  finding  coal  in  the  South  of  England. 

Geology.  About  two  centuries  ago  the  Belgian  coal  field  was  found  to  extend  beneath  the  newer 
formation  on  the  frontiers,  into  France  as  far  as  Valenciennes,  An  uninterrupted 
chalk  district  extended  northward,  and  the  coal  measures  were  supposed  to  be  lost. 
But  at  a  later  period  valuable  coal  was  found  to  exist  at  Anjin.  This  led  to 
further  search,  and  the  coal  measures  have  been  gradually  followed  in  a  western  direction 
under  the  chalk  to  within  thirty  miles  of  Calais.  Looking  at  these  facts,  and  reasoning 
on  theoretical  considerations  connected  with  the  formation  of  coal  in  the  west  of  Europe, 
Mr.  Godwin  Austen  concluded  that  coal  measures  might  possibly  extend  beneath  fiie 
south-eastern  part  of  Eng;land.  He  showed  ihat  the  coal  measures  which  thin  out  under 
the  chalk  near  Therouanne  probably  set  in  again  near  Calais,  and  are  prolonged  in  the 
line  of  the  Thames  Valley,  parallel  with  Ihe  North  Downs,  and  continuing  thence  under 
the  Valley  of  the  Kennet  extend  to  the  Bath  and  Bristol  coal  area.  He  showed,  upon 
theoretical  grounds,  that  the  coal  measures  of  a  large  portion  of  England,  France,  and 
Belgium  were  once  continuous,  and  that  the  present  coal  fields  were  merely  fragments 
of  the  great  original  deposit  preserved  in  hollows.  These  views  are  supported  by 
many  eminent  geologists  who  gave  evidence  before  the  Commission,  but  they  have  been 
controverted  by  Sir  Roderick  Murchison,  who  contends  that  in  consequence  of  the 
extension  of  Silurian  and  Cambrian  rocks  beneath  the  secondary  strata  of  the  S.E. 
of  England,  and  of  the  great  amount  of  denudation  which  the  carboniferous  rocks 
liad  undergone  over  the  area  of  the  South  of  England  pre^ous  to  the  deposi- 
tion of  the  secondary  formations,  little  coal  could  be  expected  to  remain  under 
the  Cretaceous  rocks.  Upon  a  general  review  of  the  whole  subject,  Mr,  Prestwich 
adopts,  with  slight  variations,  the  views  of  Mr.  Godwin  Austen,  and  is  led  to  the  con- 
clusion that  there  is  the  highest  probability  of  a  large  area  of  productive  coal  measures 
existing  under  the  Secondary  rocks  of  the  South  of  England.  He  shows  that  the  thick- 
ness of  these  overlying  rocks  is  not  likely  to  exceed  1,000  to  1,200  feet,  and  considers 
that  there  is  reason  to  infer  that  the  underground  coal  basins  may  have  a  length  of  150 
miles,  with  a  breadth  of  two  to  eight  miles, — limits  within  wliicli  are  confined  the  rich  and 
valuable  coal  measures  of  Belgium. 

Mr.  Prestwich  shows  that  there  are  grounds  for  believing  in  the  existence  of  coal  on 
the  south  side  of  the  Mendips,  and  under  adjacent  parts  of  the  Bristol  Channel,  but  at  a 
depth  of  not  less  than  1,500  to  2,000  feet,  and  mentions  also  a  small  new  coal  basin  in 
the  Severn  valley,  near  New  Passage. 

As  the  existence  of  coal  under  the  unexplored  area  of  the  South  of  England  is  still 
a  question  of  theory,  no  attempt  has  been  made  to  estimate  its  quantity. 


Mstimates  of  Available  Coal, 
Available        Oiir  estimates  are  as  follow ; — 

Coil.  Probable  quantity  of  coal  contained  in  the  ascertained  coalfields  of  the  United  King- 

dom, 90,207  millions  of  tons. 

Coal  which  probably  exists  at  workable  depths  under  the  Permian,  New  Red  Sand- 
stone, and  other  superincumbent  strata  in  the  United  Kingdom,  56,273  millions  of  tons. 

Making  an  aggregate  quantity  of  146,480  millions  of  tons  which  may  be  reasonably 
expected  to  be  available  for  use. 
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DuraH  on. 

Before  proceeding  to  investigate  the  question  of  the  duration  of  this  quantity,  based 
upon  increasing  consumption,  we  think  it  useful  to  state  the  relation  which  146,480 
millions  of  tons  bears  to  our  present  consumption,  estimated  at  115  millions  per  annum, 
in  order  that  the  vast  magnitude  of  our  stores  of  coal  may  be  better  appreciated.  Thus 
we  find  that  146,480  millions  of  tons  will  support  our  present  production  for  1,273  years  ; 
the  same  quantity  would  support  an  annual  production  of  146  millions  for  1,000  years  ; 
of  175  millions  for  837  years ;  and  of  230  millions,  being  double  our  present  production, 
for  636  years. 

The  question  of  tiie  duration  of  the  total  available  quantity  turns  chiefly  upon  the  Damtion. 
statistics  of  consumption  contained  in  the  report  of  Committee  £,  from  which  the 
following  facts  are  collected : — 

In  the  year  1660  the  coal  produce  of  the  United  Kingdom  appears  to  have  been  only 
about  two  million  and  a  quarter  tons,  and  forty  years  later  the  increase  was  only  three 
hundred  and  sixty-four  thousand  tons.  Fifty  years  after  this,  or  in  1750,  the  quantity 
raised  in  the  kingdom  had  increased  to  nearly  five  million  tons.  In  1800,  the  quantity 
exceeded  ten  mulion  tons. 

About  this  period  the  system  of  canal  navigation  was  rapidly  extending,  and  the  Dumtloii. 
result  was  that  coals  were  gradually  finding  their  way  into  new  districts,  by  which  means 
the  consumption  of  coal  was  greatly  increased.     In  1816  the  production  reached  sixteen 
million  tons  according  to  one  statement,  and  twenty-seven  millions  as  given  with  con- 
siderable probability  by  another. 

Advancing  to  a  later  period,  when  coal  statistics  were  more  carefully  collected,  it 
appears  that  in  1854  the  production  of  coal  was  sixty-four  and  a  half  million  tons. 

From  that  period  up  to  and  including  1869  the  progressive  increase  is  exhibited  in  the 
following  table ; — 


Table  No.  I. — Showing  the  QnaDtities  of  Coal  raised  io  Great  Britun  uuce  1854,  the  Quantity  exported 
in  each  jear,  and  the  Quantity  i-ctaincd  for  Home  Consumption,  and  the  relation  which  this  beurs  to 
each  head  of  the  Popolattcoi. 


POPCLUIOV. 

Tean. 

• 

Retained  far 

Total  of  Coal  in 

Gbkat 

Percent. 

Increase  or 

Britain. 

Increase. 

lacre&M! 

Buwd. 

Ezpotted. 

Home 
ConBomptioB. 

Decrease. 

each  Head  of  the 
Popalatton.* 

Tons. 

Ton*. 

Tons. 

ITons. 

Tons.  Gtr(B. 

qra. 

Ifaf. 

I860 

21,792,872 

64,307,459 

4,976.902 

59,330,557 

2 

14 

0 

6 

1856 

22,080,449 

287,577 

1-3 

66,508,815 
65,274,047 

6,879,779 

60,629,036 

1,298,479 

2 

14 

0 

11 

18fi7 

22,869,463 

289,014 

1-3 

6,737,718 

58,536,329 

2,092,707 

2 

12 

1 

10 

1858 

22,616,839 

247,376 

1.1 

64,887,899 

6,529,483 
7,006,949 

58,358,416 
64,852,516 
72,601,441 

177,913 

2 

12 

0 

7 

1859 

22,810,069 

193,230 
136,919 

0.8 

71,859,465 
79,923,273 

6,494,100 

2 

16 

3 

12 

1860 

22,946,988 

0.6 

7,321,832 

7,748,926 

3 

3 

1 

8 

1861 

23,181,790 

234,802 

10 

85,512,144 

7,855,115 

77,657,029 

6.055,688 

3 

7 

2 

6 

1862 

23,416,264 

224^474 

1-0 

83,510,838 

8,301,852 

73,202,986 

2,444,0  i3 
4,781,267 

3 

4 

1 

2 

1863 

23,655,482 

239,218 

1-0 

88,163,465 

8,275,212 
8,809,908 

79,890,253 

3 

8 

1 

20 

1864 

23,891,009 

235,627 

10 

92,962,878 

83,852,965 

3,962,712 
5,127,143 

3 

1 

0 

21 

1865 

24,127,003 

235,994 

1-0 

98,160,587 

9.170,477 

88,980,110 

3 

13 

2 

24 

1866 

24,363,433 

236,425 

1-0 

101,506,794 

9,367,749 

92,139,045 

3,158,935 

3 

15 

2 

15 

1867 

24,599,277 

235,844 

1-0 

104,375,480 

9,761,827 

94,614,153 

2,475,108 
2,097,757 
4,550,103 

3 

17 

3 

19 

1868 

24,837,502 

238,225 

10 

103,014,207 

10,497,811 

92,616,396 
97,066,499 

3 

14 

2 

0 

1869 

25,076,088 

237,586 

10 

107,299,634 

10,283,135 

3 

17 

1 

19 

From  the  preceding  table  it  will  be  seen  that  the  total  quantity  of  coal  raised  in  this 
country  bad  reached  upwards  of  u  hundred  and  seven  millions  in  1869.  Since  that  period 
the  returns  have  not  been  made  up,  so  that  the  rate  of  production  at  the  present  date  is 
not  ascertained. 

In  attempting  to  form  an  opinion  as  to  what  tl)e  future  conaiimption  of  coal  is  likely  Committee 
to  be,  it  is  necessary  to  consider  the  question  which  was  referred  to  Committee  B ;  B. 
namely,  **  whether  there  is  reason  to  believe  that  coal  is  wasted  by  carelessness  or  nej^lect 
of  proper  appliances  for  its  economical  consumption  ?"     Tlie  conclusion  arriv^  at  C™™'"'"- 
by  this  Committee  was  that  "  for  some  time  past  in  our  manufactures  there  have 
'*  been  constant  and  persevering  efforts  to  economise  coal,  by  the  application  of  improved 


*  This  total  inclodeB  ooal  for  manofhcture,  but  not  exported  coaL 
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Bantion.  «  appliances  for  its  consumption."  The  Committee  had  reason  to  believe  that  "  in  some 
"  branches  of  manufacture  the  limits  of  a  beneficial  economy  appeared  to  have  been 
**  nearly  reached,  and  that  in  other  cases  a  gradual  effort  would  continue  to  be  made  for 
•*  saving  fuel."  It  may  be  assumed,  therefore,  that  the  progress  of  economy  in  using  coal  is 
not  likely  to  operate  in  iuture  with  greater  effect  m  keeping  down  the  increase  of 
consumption  than  it  has  hitherto  done. 

The  present  consumption  of  coal  for  domestic  use  is  generally  estimated  at  one 
ton  per  nead  of  the  whole  population,  and  may  be  assumed  to  absorb  nearly  one  third 
ProfesBora     of  the  entire  production.    It  is  probable  that  this  rate  per  head  will  continue  pretty 
Hall  and      constant ;  because,  although  more  economical  methods  of  using  coal  in  dwellings  may 
jevbDs.       probably  be  introduced,  yet  the  increasing  wealth  of  the  nation  will  cause  coal  to  be 
more  liberally  used  for  domestic  purposes.    The  future  increase  of  consumption  under 
this  head  may,  therefore,  be  expected  to  coincide  with  the  increase  of  the  population. 
Exportation.      As  regards  the  future  exportation  of  coal,  although  a  very  large  increase  has  taken 
Committee  place  within  the  period  embraced  by  the  preceding  table,  yet  there  is  reason  to  doubt 
^'       whether  much  further  increase  will  take  place  in  this  direction.     Upon  this  point  Com- 
mittee E  have  reported  that  the  probable  development  of  the  enormous  coalfields  of 
North  America,  and  those  of  India,  China,  Japan,  and  other  countries,  and  the  more 
effective  working  of  the  known  coalfields  of  Europe,  will  probably  prevent  any  consider- 
able increase  in  the  future  exportation  of  British  coal. 

The  large  increase  which,  in  recent  years,  has  taken  place  in  the  consumption  of  coal, 
has  an  intimate  connection  with  the  introduction  and  extension  of  the  railway  system, 
but  for  several  years  past  the  progress  of  railways  has  not  been  exceptionally  great,  and 
yet  the  consumption  of  coal  has  continued  to  increase  with  imabated  rapidity. 

Professor  Jevons,  in  a  work  "  On  the  Coal  Question,"  which  first  appeared  in 
1865,  and  which  was  in  a  great  measure  founded  upon  a  previous  work  by 
Mr.  Hull  on  the  Coalfields  of  Great  Britain,  estimated  that  the  rate  of  growth 
at  that  period  in  the  aggregate  annual  consumption  of  coal  amounted  to  about 
three  and  a  half  per  cent,  per  annum,  reckoning  each  annual  per-centage  on  the 
previous  year's  consumption.  He  contended  that  coal,  being  the  source  of  power,  and 
required  for  every  great  extension  of  industry,  the  consumption  of  it  would  keep 
pace  with  the  progress  of  population  and  industry.  As  to  the  effect  of  the  economies 
that  might  be  introduced  in  the  methods  of  using  coal,  he  showed  that  every  improve- 
ment to  efiect  economy  of  consumption  had,  in  the  case  of  the  steam  engine,  been 
attended  with  an  increase  instead  of  a  decrease  in  the  quantity  of  coal  used  tor 
steam  power,  because  the  economy  effected  had  made  steam  power  more  extensively 
available.  The  same  reasoning,  he  maintained,  would  apply  to  economies  in  the  use  of 
coal  for  all  other  purposes  ;  and  he  therefore  inferred  that  the  introduction  of  economies 
would  have  no  effect  in  diminishing  consumption.  Applying  his  views  to  the  future 
consumption  of  coal,  he  anticipated  m  1865,  that  in  the  present  year,  1871,  the  consump- 
tion would  be  found  to  amount  to  nearly  a  hundred  and  eighteen  millions  of  tons,  as  against 
eighty-three  and  a  half  millions  of  tons  in  I86l.  We  now  know  that  in  1869  the  con- 
sumption amounted  to  a  hundred  and  seven  millions,  which  does  not  greatly  differ  from 
what  his  calculation  would  make  ;  and  adding  to  that  quantity  a  proportionate  increase 
for  the  remaining  two  years,  we  arrive  at  a  computed  consumption  of  about  115  millions 
for  the  present  year.  He  further  showed  that  a  continuance  of  the  same  progress  in 
population  and  productive  industry  would  lead  to  an  annual  consumption  of  no  less 
than  2607  million  tons  of  coal  at  the  end  of  a  century.  Upon  this  assumed  rate  of 
increase,  the  whole  quantity  of  coal  which  we  have  reported  as  available  in  this  country 
would  be  exhausted  in  110  years.  If  we  alter  Professor  Jevon's  rate  of  increase  to 
make  it  agree  with  the  returns  of  the  10  years  ending  1869,  we  should  have  to  increase 
it  to  nearly  4  per  cent.,  which  would  further  accelerate  the  period  of  final  exhaustion. 

But  although  Mr.  Jevons*  theory  has  up  to  this  time  nearly  accorded  with  observation, 
yet  the  results  involved  in  the  supposition  that  the  annual  percentage  of  increase  in  the 
consumption  of  coal  will  continue  unabated  ibr  a  very  lengthened  period  are  so  prodigious 
that  few  persons  will  be  found  to  accept  his  theory  without  considerable  qualifications. 

It  has  l)een  suggested  to  us  by  Mr.  Price  Williams,  who  has  given  great  attention  to 
questions  of  this  kind,  and  whom  we  have  employed  in  matters  of  calculation,  that 
Mr,  Jevons'  conclusions  at  all  events  require  modification  to  meet  the  fact,  that  although 
the  population  of  this  kingdom  has  long  been  and  still  is  rapidly  increasing,  yet  the 
rate  of  its  annual  growth  is  diminishing. 

From  the  year  1811  to  1821  the  increase  was  I6  per  cent,  while  in  the  last  decade, 
from  I86I  to  1871,  it  was  llf  per  cent.  These  two  rates  of  increase,  in  conjunction 
with  those  of  the  interv^'<»Mng  decades,  form  the  elements  of  a  curve,  whidi  may  be  carried 
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forward  so  as  to  show  the  extent  of  the  population  in  future  years,  supposing  no  dis-  Duration, 
turbing  causes  to  arise.     We  here  present  a  diagram  prepared  on  this  method  by 
Mr.  Price  Williams,  which  indicates,  by  ordinates,  the  extent  of  the  population  at  future 
periods,  on  the  above  supposition. 

Also  a  table  showing  now  the  average  diminution  of  the  decennial  rate  for  the  con- 
Btniction  of  the  diagram  has  been  arrived  at. 


Table  No.  II.— Showing  how  the  Avebiqe  Diminittion  of  the  Decennul  Rate  of  Incbeasb  of  the 

FOPUIATIOK  is  obtained. 


Tear. 

Population 
of 

Great  Britain. 

Rate  of 
Increase  per 
10  yean. 

Diminution  of 
Rate  per 
cent 

1811 
1821 

1831 

1841 

1851 

1861 

1871 

12,338,573 
14,309,989 

16,457,596 

18,687,537 

20,976,532 

23,825,305 

26,062,721 

rerage  dimination  of  r 

15-977 
15-008 

13-549 

12-249 

11-197 

11 -736 

ate  per  10  years  - 

-6-065 
-9-721 
-9-595 
-8-588 
+4-814 
-33-969 
+  4-814 
6)-29  155 
—  6-881 

Having  thus  considered  the  growth  of  consumption  of  coal  in  its  relation  to  the  growth 
of  population,  we  have  yet  to  consider  it  in  relation  to  the  quantity  used  per  head  of  the 
population.  The  statistical  table  No.  I.,  shows  the  rate  of  consumption  per  head  of  the 
population  to  have  been  very  irregular;  but  on  an  average  the  increase  in  14  years 
amounts  to  nearly  three  per  cent  per  annum.  This  increase  may  be  traced  to  two  causes. 
The  town  population,  which  represents  the  chief  coal-consuming  population,  is  increasing 
in  a  far  more  rapid  ratio  than  the  population  of  the  kingdom  generally  ;  and,  2nd,  the 
extension  of  machinery  and  improvements  for  economizing  labour,  cause  the  consumption 
of  coal  jEbr  productive  purposes  to  be  constantly  increasing  in  relaticm  to  the  number  of 
persons  employed  in  manufacture.  According  to  Mr.  Jevons'  view  we  should  have  to 
compute  the  increase  from  these  causes  at  a  permanent  rate  of  3  per  cent,  per  annum  ; 
which  would  lead  us  apparently  to  impossible  quantities.  Mr.  Price  Williams  differs 
from  Mr.  Jevons  as  to  the  constancy  of  the  rate  of  increase.  He  thinks  that  the 
present  rapid  increase  in  the  annual  production  of  coal  is  mainly  a  consequence 
'*  of  the  equally  rapid  and  abnormal  development  of  our  commercial  activity, 
"  which  has  followed  the  introduction  of  steam  power  in  this  country ;  and  that 
**  the  effect  of  this  initial  increase  in  the  annual  yield  of  coal  is  still  perceptible,  just  as 
"  it  is,  in  a  minor  degree,  in  the  present  rate  of  increase  of  our  population.  He  further 
supposes  tlie  rate  of  increase  of  coal  used  per  head  of  the  population  to  follow  a  diminish- 
ing ratio  analogous  to  that  shown  by  the  curve  of  population.  He  has  pointed  out  that 
the  absolute  increase  of  the  consumption  of  coal  for  the  first  four  years  in  our  Statistical 
Table  No.  I.,  namely,  1855  to  1859,  averaged  0'035  tons  per  head  per  annum;— that  the 
next  six  years,  1859  to  1865,  averaged  0'145  tons  per  head  per  annum; — while  the 
kst  four  years,  n  imely,  1865  to  Id^,  only  averaged  0*0463  tons  per  bead  per  annum. 
He  considers  it  evident,  therefore,  that  during  the  entire  period  referred  to,  the  annual 
increase  has  passed  through  a  point  of  mxucimum  increase,  and  that  it  is  now  diminishing, 
with  strong  presumptive  evidence  that  it  will  continue  to  diminish  at  the  same  or  some 
other  slower  rate.  Mr.  Price  Williams  has  furnished  us  with  the  following  Table  III., 
showing  the  estimated  duration  of  coal  upon  the  basis  of  ratios  diminishing  in  the  mannei 
described. 
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Table  Na  III.— Total  estimated  CoNStmpriON  of  Coai.  in  the  UmTED  KnrODOiC  on  the  basis 

of  diTnininhing  ratios. 


Year. 


Estimatsd  FopolatioD 
of 

Omt  Britiin. 


1871 

1881 
1891 
1901 
1911 
1921 
1931 
1941 
1951 
1961 
1971 


1981 
1991 
2001 
2011 
2021 
3031 
2041 
2051 
2061 
2071 


2081 
2091 
2101 
2111 
2121 
2131 
2141 
2151 
2161 
2171 


2181 
2191 
2201 
2211 
2221 
2231 


•26,062,721 


31,955,000 
35,087,000 
38,326,000 
41,561,000 
44,859,000 
48,316,000 
51,823,000 
55,365,000 
58,928,000 


62,500,000 
66,070,000 
69,620,000 
73,140,000 
76,450,000 
79,880,000 
83,260,000 
86,580,000 
89,820,000 
93,000,000 


96,080,000 
99,090,000 
102,010,000 
104,850,000 
107,680,000 
110,230,000 
112,790,000 
115,250,000 
117^20,000 
119,900,000 


122,180,000 
124,180,000 
126,200.000 
128,110,000 
129,950,000 
131,700,000 


Estimated  Home 
CooHimption  of 
Coal  per  Head. 


3 -9636 


4266 
•6786 
■6286 
-6446 
■6496 
■6516 
■6526 
■6526 
■6526 
•6526 


6526 
6526 
6526 
6526 
6526 
6526 
6526 
6526 
4-6526 
4-6526 


6526 
6526 
6526 
6526 
6526 
6526 
6526 
6526 
6526 
6526 


■6526 
■6526 
■6526 
-6526 
•6526 
■6526 


Total  eidmated 
Home  Consumption 
per  Annum. 


103,300,000 


128,100,000 
146^300,000 
162,400,000 
178,000,000 
193,200,000 
208,700,000 
224,800,000 
241,100,000 
257,600,000 
274,200,000 


290,800,000 
307,400,000 
323,900,000 
340,300,000 
355,700,000 
371,700,000 
387,400,000 
402,800,000 
417,900,000 
432,700,000 


447,000,000 
461,000,000 
474,600,000 
487,800,000 
600,600,000 
512,900,000 
524,800,000 
536,200,000 
547,300,000 
557,90(^000 


568,000,000 
577,800,000 
587.200,000 
596,100,000 
604,600,000 
612,800,000 


Total  consnmption  in  360  years 


Total  Connunptioa  per  Centoty,  including 


llUlions 
of  Tons. 

20,144  Heme  oonBumptioii. 
1,200  Exported. 

21,844  Total  in  oentnrj. 


Millions 
of  Tons. 

36,306  Home  eonaumptioiL 
^    1,200  Exported. 

37,606  Total  in  century. 


HUliaM 
of  Tons. 

50,501  Home  consumpiion. 
1,200  Exported. 

51,701  Total  in  oentarj. 


Millions 

of  T(Hlf. 

36,466  Home  consnmpticHi. 
720  Exported. 


36,185  Total  for  60  years.. 


146,786  millions. 


Note. — Total  available  coal  in  the  United  Kngdom,  as  estimated,  146,480  millions  of  tons. 


According  to  this  table  it  will  be  seen  that  the  annual  consumption  of  coal  at  the  end 
of  a  hundred  years  would  be  274  millions  of  tons.  A  further  conclusion  from  this  table 
is  that,  the  now  estimated  quantity  of  coal  available  for  use  would  upon  this  view 
represent  a  consumption  of  360  years. 

It  will  of  course  be  observed  that,  assuming  the  rate  of  increased  consumption  as 
above,  there  would  be  a  nearly  corresponding  increase  in  the  products  of  manufacturing 
industry,  and  the  figures  representing  such  an  increase  would  raise  questions  as  difficult 
and  problematical  as  those  raised  by  the  assumption  of  a  population  of  131  millions  360 
years  hence. 

It  is,  however,  necessary  to  remark,  in  reference  to  the  second  column  of  this  table,  that 
very  different  conclusions  are  arrived  at  by  varying  the  grouping  of  the  figures  upon 
wiiich  Mr.  Price  Willianas  has  founded  his  scale. 

We  shall  now  give  a  calculation  founded  upon  arithmetical  instead  of  geometrical 
increase  in  the  rate  of  consumption  of  coal,  that  is  to  say  : — we  shall  discard  the  principle 
of  an  increase  ia  the  nature  of  a  per-centage  on  the  previous  quantity,  and  simply  add 
a  constant  quantity  equal  to  the  average  annual  increase  of  the  last  14  years,  which 
may  be  taken  at  three  millions  of  tons.  ' 

Upon  this  basis  we  arrive  at  the  following  results,  namely,  at  the  end  of  a  hundred 
years  the  consumption  would  be  415  millions  of  tons  per  annum,  and  the  now  estimated 
quantity  of  coal  available  for  use  would  represent  a  consnmption  of  276  years. 


*  This  item  is  the  actv^  pc^ndatiim  in  1871  frfm  Census  retoms. 
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There  is  yet  another  view,  which  may  be  regarded  as  the  extreme  opposite  to  that  of  Doration, 
Professor  JevoDS.    It  is  that  from  this  time  the  population  of  the  whole  country,  and  the 
consumption  of  coal  per  head  of  that  population  will  remain  constant,  or  merely  oscillate 
without  advancing.    In  this  case  our  available  coal  would  represent  a  consumption  of 
upwards  of  1,273  years,  at  the  rate  of  1 15  millions  of  tons  per  annum. 

Deep  CoaL 

We  shall  now  advert  to  the  large  amount  of  coal  excluded  from  our  previous  estimates  l^P  *»'^* 
on  the  ground  of  excessive  depth.    The  quantity  of  coal  lying  beneath  the  Permian  and 
other  newer  strata  at  depths  exceeding  4,000  feet  is  computed  at  upwards  of  41il44 
millions,  as  appears  by  the  following  table  : — 

Estimate  of  Quantities  of  Coal  at  Depths  over  4,000  feet  beneath  the  Permian,  New 

Bed,  and  other  Strata. 


Districta. 

Square 
Miles. 

Prom  4,000  to 
6,000  Feet. 

From  6,000 
to  10,000  Feet. 

Total  in  Toiu. 

Toas. 

Tons. 

Tons. 

Between  Cannock  Chase,  Coalbrook  Dale, 

112 

3,346,022,400 

3,346^2,400 

and  the  North  Stafibrdshire  Coalfield, 

under  the  Kew  Red  Marl,  &c.  of 

Eccleshall,  Stafford,   Breewood,  and 

High  Offiey. 

Southern  borders  of  the  North  Stafford- 

75 

2,240,640,000 

2,240,640,000 

shire  Coalfield. 

Hains  of  Cheshire,  between  the  Den- 

340 

11,660,496,000 

11,850,496,000 

23,700,992,000 

bighshire  and  NOTth  Staffordshire 

CoaMelds. 

Southern  borders  of  l^e  Lancashire  Coal- 

208 

6,904,490,667 

3,462,245,833 

10,356^736,000 

field,  and  the  country  around  Man- 

chester and  Stockport. 

The  Wirrellt  Mersey,  and  country  to  the 

108? 

1,500,000,000 

1,500,000,000 

north. 

843 

29,341,649,067 

15,302,741,333 

41,144,300,400 

Of  this  quantity  it  will  be  seeo  that  more  than  29,000  millions  of  tons  are  assumed  to 
lie  at  depths  of  between  4,000  and  6,000  feet,  at  which  latter  depth  the  temperature  of 
the  earth  would  be  150  "  Fahrenheit.  The  remainder,  amounting  to  more  than  15,000  mil- 
lions of  tons,  is  assumed  to  lie  at  depths  varying  between  6,000  and  ]  0,000  feet,  at  which 
maximum  depth  the  temperature  of  the  earth  would  be  215°  Fahrenheit,  or  three  degress 
above  the  temperature  of  boiling  water  at  the  sea  level.  To  these  quantities  are  to  be 
added  7,320  millions  of  tons  returned  as  being  at  greater  depths  than  4,000  feet  within 
the  area  of  the  known  coal  fields.  Of  this  quantity  probably  5,922  millions  of  tons  lie 
between  the  limits  of  4,000  and  6,000  feet  in  depth,  and  the  remaining  1,397  millicns  of 
tons  between  6,000  and  10,000  feet. 

With  these  additions  the  total  quantity  of  coal  lying  at  depths  exceeding  4,000  feet  iSstimate  of 
will  be  a  little  more  than  48,465  millions  of  tons.  "^P 

It  is  entirely  a  matter  of  conjecture  whether  any  or  what  portion  of  this  coal  can  ever 
be  worked  ;  but  if  we  were  to  suppose  the  whole  to  become  available,  we  should  have  to 
make  the  following  corrections  in  the  number  of  years*  duration  given  above  as  the  result 
of  the  different  modes  of  viewing  the  miestion. 

1st.  The  360  years  deduced  from  iVIr.  Price  Williams's  table  No.  3.  would  be  altered 
to  433  years. 

2nd.  The  276  years  based  on  an  increasing  consumption  in  arithmetical  ratio  will  be 
altered  to  324  years. 

3rd.  The  1,273  years  computed  on  the  supposition  of  non-increasing  consumption 
would  be  altered  to  1695  years. 

Whatever  view  ma^  be  taken  of  the  question  of  duration  of  coal,  the  results  will  be 
subject  to  contingencies,  which  cannot  in  any  degree  be  foreseen.  On  the  one  hand  the 
rate  of  consumption  may  be  thrown  back  to  any  extent  by  adverse  causes  affecting 
our  national  prosperity ;  and  on  the  other  hand  new  discoveries  and  developments  in 
ne>^  directions  may  arise  to  produce  a  contrary  effect  upon  the  consumption  of  coal. 
Every  hypothesis  must  be  speculative,  but  it  is  certain  that  if  the  present  rate  of  in- 
crease in  the  consumption  of  coal  be  indefinitely  continued,  even  in  an  approximate 
degree,  the  progress  towards  the  exhaustion  of  our  coal  will  be  very  rapid. 

In  all  the  foregoing  estimates  of  duration  we  have  for  the  sake  of  simplicity  excluded 
1S48S.  T0L.L  0 
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from  view  the  imj^ssibility  of  supposing  that  the  production  of  coal  could  continue  in 
full  operation  until  the  last  remnant  was  used,  and  then  suddenlv  cease.  In  reality  a 
pertod  of  scarcity  and  deamess  would  first  be  reached.  This  would  diminish  consumption, 
and  prolong  duration  j  but  only  by  checking  the  prosperity  of  the  country. 

The  absolute  exhaustion  of  coal  is  a  stage  which  will  probably  never  be  reached.  In 
the  natural  order  of  events  the  best  and  most  accessible  coal  is  that  which  is  the  first  to  be 
worked,  and  nearly  all  the  coal  which  has  hitherto  been  raised  in  this  country  has  been 
taken  from  the  most  valuable  seams,  many  of  which  have  in  consequence  suffered  great 
diminution.  Vast  deposits  of  excellent  and  highly  available  coat  still  remain,  but  a  pre- 
ference will  continue  to  be  given  to  the  best  and  cheapest  beds,  and  as  we  approach 
exhaustion  the  country  will  by  slow  de^ees  lose  the  advantageous  position  it  now  enjoys 
in  regard  to  its  coal  supply.  Much  ot  the  coal  included  tn  the  returns  could  never  be 
worked  except  under  conditions  of  scarcity  and  high  price.  A  time  must  even  be 
anticipated  when  it  will  be  more  economical  to  import  part  of  our  coal  than  to  raise  the 
whole  of  it  from  our  residual  coal  beds ;  and  before  complete  exhaustion  is  reached  the 
importation  of  coal  will  become  the  rule,  and  not  the  exception,  of  our  practice.  Other 
countries  would  undoubtedly  be  in  a  position  to  supply  our  deficiencies,  for  North  America 
alone  possesses  tracts  of  coal-bearing  strata  as  yet  almost  untouched  of  70  times  the  area 
of  our  own.  But  it  may  well  be  doubted  whether  the  manufacturing  supremacy  of  this 
kingdom  can  be  maintained  after  the  importation  of  coal  has  become  a  necessity. 

All  which  we  now  beg  most  humbly  to  present  to  Your  Majesty. 

1.  ARGYLL  (Chairman). 

2.  H.  HUSSEY  VIVIAN. 

3.  O.  W.  ABMSTBONG. 
■4.  ANDREW  C.  RAMSAY. 

5.  JOHN  THOS.  WOODHOUSE. 

6.  ROBERT  HUNT. 

7.  JOS.  PRESTWICH. 

8.  JOSEPH  DICKINSON. 

9.  JOHN  GEDDEa 

Vnanimoiuly  agreed  to  at  a  General 
Meeting  held  the  21  th  of  July  1871. 
J.  F.  Campbell, 

Secretary. 

July  27,  1871. 

8ecreta/ry  cmthoriaed  to  add  the  following  names,  July  29 : — 

10.  JOHN  HARTLEY. 

11.  THOS.  E.  FORSTER 

July  31.  12.  G.  T.  CLARK. 

13.  JOHN  PERCY. 

The  following  were  added  btf  desire  of  Mr,  Elliot,  14,  and  Sir  Roderick  Murchison, 
15,  Juli/  31,  1871 

14.  I  agree  with  the  rest  of  the  Commissioners  as  to  our  Report,  except  as  to  the  intro- 
duction of  that  part  of  the  calculation  by  Professor  Jevons,  on  page  xiv,  which  seems  to 
imply  the  possibility  of  the  exhaustion  of  our  coal  in  110  years, 

July  31,  1871.  GEO.  ELLIOT. 

15.  Pbotbst  of  Sir  Roderick  Murchison. 

Although  1  agree  with  my  brother  Commissioners  as  to  the  greater  portion  of  the 
preceding  Report,  I  beg  to  I'ecord  my  earnest  protest  against  the  statement  made  in  page 
xii,  upon  the  probable  existence  of  coal  fields  under  the  Cretaceous  and  other  Secondary 
rocks  in  the  south  of  England. 

That  view  being  purely  theoretical^  is  in  my  opinion  distinctly  controverted  by  the 
evidence  of  physical  data  all  around  the  area  in  question,  whether  in  England  or  France. 

For,  wherever  l  ocks  of  carboniferous  or  older  date  are  there  found  in  contact  with 
younger  deposits,  such  older  rocks  are  everywhere  unproductive  of  coal.  « 

I  am  therefore  of  opinion  (and  many  well  known  practical  mining  geolog^ts  agree  with 
me),  that  the  existence  of  an}'  productive  coal  fields  in  the  south-eastern  counties  of 
England  is  in  the  highest  degree  improbable. 

31  July,  1871.  BOD.  L  MURCHISON. 
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KEPORTS  ON  PROVED  COALPIELDS. 

No.  L 

Mr.  Viviaij*8  Report  on  South  Walks  Mineral  Basin  Westwaid  of  "  Gltncobrwg  Fadlt.' 

South  Wklok 

My  Lord  Duke, 

The  task  of  inTestiffating  and  reporting  to  the  Ck)mmission  the  quantitv  of  coal  at  various  depths 
contained  in  the  South  Wales  coalfield  hanng  been  entrusted  to  Mr.  G^.  T.  Clark  and  myself,  we 
deemed  it  expedient  to  subdivide  the  field,  so  that  each  might  investigate  and  report  on  that  portion 
with  which  he  was  most  intimately  acquunted.  Vfith  this  view  the  eastern  portion  extendmg  from 
the  eastern  outcrop  to  a  line  drawn  from  Bridgend  on  the  south  to  Blaengwrach  on  the  north,  nearly 
ooindding  with  the  *'  GMyncorrwg  Fault,"  was  undertaken  by  Mr.  Clark,  while  it  is  my  duty  to  report 
on  the  portion  lying  to  the  westward  of  that  line. 

The  general  characteristics  of  the  South  Wales  coalfield  are  so  well  known  that  it  is  unnecessary 
for  me  to  dwell  upon  them.  I  shall  therefore  rigidly  confine  my  remarks  to  such  leading  features  as 
bear  strongly  upon  my  report 

I  would>>r«f  allude  to  the  fadfity  for  estimating  the  contents  of  the  South  Wales  coalfield  afibrded 
by  the  outcrop  of  the  measures  around  the  whole  field.  Secondly,  to  the  existence  of  the  sreat 
anticlinal  u^eave  extending  from  Risca  on  the  east  throughout  the  entire  length  of  the  coalfield 
into  Pembrokeshire,  where  it  leaves  the  coal-measures  and  passes  into  the  older  rocks.  This  upheave 
brings  the  deepest  seams  of  the  basin  sometimes  to  the  surface,  but  always  within  workable  depths, 
thus  enabli^  their  thickness  to  be  determined  at  a  point  about  five  miles  to  the  north  of  the  soutberti 
outcrop.  T%irdlyi  to  the  fact  that  the  chief  workings  of  the  coalfield  exist  along  these  various  outcrops, 
wUdi  renders  it  comparatively  safe  to  assume  the  probable  thickness  of  the  seams  to  the  deep  of  the 
places  where  they  are  actually  worked. 

Sections  of  the  seams  have  been  obtained  from  eveir  coal  working  so  far  as  it  is  possible  within 
the  western  district,  with  the  assistance  of  Mr.  Eran  Daniel,  mineral  surveyor  of  Swansea,  who  has 
executed  the  entire  work  of  the  western  portion  of  the  coalfield  with  the  greatest  diligence  and 
abUitry.  I  have  succeeded  in  obtaining  upwards  of  70  vertical  sections  from  actual  workings,  and  upon 
diese  as  bearing  upon  each  particular  district^  our  computations  are  based. 

Flans  have  been  prepared  by  Mr.  Evan  Daniel  under  my  direction,  in  accordance  with  the  resolution 
passed  by  the  Commission,  that  the  different  depths  at  which  tiie  seams  are  assumed  to  exist  over  the 
Tarious  areas  ^all  be  indicated  by  various  colours.  These  plan^  from  the  larve  number  of  seams  and 
great  dei>tlis  at  which  they  exist  m  the  western  district,  amount  to  eighteen  m  number,  and  will  be 
found  to  indicate  with  great  accuracy  and  clearness  the  depths  and  areas  of  each  series  of  seams. 

Great  labour  and  research  have  been  needed  in  the  construction  of  these  plans,  the  depths  at  which 
the  seams  exist  being  largely  affected  by  north  and  south  faults.  These  faults  are  specially  sliown 
on  the  plans,  and  it  will  be  seen  that  in  some  instances  the  seams  are  displaced  to  the  extent  of  up* 
wards  of  1,000  feet;  thus  series  of  seams  exist  on  one  ude  which  have  no  existence  on  the  other,  and 
seams  available  at  compaTatively  shallow  deptiis  on  one  side,  are  thrown  down  to  great  depths  on  Uie 
other  ffldes  of  these  faults. 

I^ree  vertical  sections  illtistratiDg  the  plans  accompany  them. 

It  wUl  be  obserred  that  seams  occurring  within  about  800  feet  of  each  otlier  are  taken  as  one 
series. 

The  computation  of  quantities  has  been  a  work  of  immense  labour.  The  tables  of  fi<^ures  which 
accompany  this  report  will  sufficiently  prove  the  care  bestowed  upon  the  computations."  It  will  be 
seen  that  each  series  of  seams  has  been  computed  separately  at  each  depth,  and  under  each  area, 
both  on  the  north  crop,  south  crop  (north  of  anticlinal),  and  south  of  anticlinal,  with  their  respective 
thicknesses  as  ihey  occur  on  eadi  of  those  crops,  and  that  the  grand  total  has  been  arrived  at  on  ^o 
same  system  and  with  as  mudi  care  as  if  an  actual  purchase  or  sale  of  the  coal  were  dependent  on 
the  accuracy  of  the  calculations. 

It  will  be  seen  from  the  tables  that  the  various  series  of  seams  exhibit  the  foUowing  general 
results  at  all  depths : — 

Plan  No.  1  contains  267,714  acres,  giving  463,189,500  tons  of  workable  coal,  none  of  which  has 

been  worked,  leaving  net  quantity  of  coal  to  be  worked  463,189,500  tons. 
Plan  No.  2  contauis  251,541  acres,  pving  2,173,256,167  tons  of  workable  coal,  of  which  8,594,125 

tons  has  been  worked,  leaving  2,164,662,042  to  be  worked. 
Flan  No.  3  contains  242,826  acres,  giving  4,466,296,584  tons  of  workable  coal,  of  which  23,822,875 

tons  has  been  worked,  leaving  4,442,478,709  tons  to  be  worked. 
Flan  No.  4  contains  224,067  acres,  giving  2,870,285,917  tons  of  workable  coal,  of  which  15,823,375 

has  been  worked,  leaving  2,854,462,542  tons  to  be  worked. 
Plan  No.  5  contains  218,516  acres,  giving  8,139,188,750  tons  of  workable  coal,  of  which  9,142,000 

tons  has  been  worked,  leaving  3,129,996,750  tons  to  be  worked. 
Plan  No.  6  contains  208,634  acres,  giving  1,918,885,834  tons  of  workable  coal,  ot  which  1,818,375 

tons  has  been  worked,  leaving  1,917,072,459  tons  to  be  worked. 
Flan  No.  7  contains  194,410  acres,  giving  1,840,209,667  tons  of  workable  coal,  of  which  4,894,600 

tons  has  been  worked,  leaving  1,335,315,167  tons  to  be  worked. 
Plan  No.  8  contains  187,980  acres,  giving  808,099,917  tousofworkablecoaU  of  which  none  is  worked, 

leavmg  308,099,917  tons  to  be  worked. 
PIm  No.  9  contains  181,694  acres,  giving  1,742,494,500  tons  of  workable  coal,  of  which  5,765,760 

has  been  worked,  leaving  1,736,728,750  tons  to  be  worked. 
Plan  No,  10  contains  169,662  acres,  giving  2,21^,108,884  tons  of  workable  coal,  of  which  8,082,161 

tend  has  been  worked,  leaving  2,204,07^673  tons  to  be  worked. 
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ua.Tivuir.       Plan  No.  11  contains  128,322  acres,  giving  805,074,1  A7  tons  of  workable  coal,  of  wfaicb  555,260 
Sat^^Oe^  tons  has  been  worked,  leaving  804,618,917  tons  to  be  worked. 

Plan  No.  12  contains  90,257  acres,  giving  729,876,500  tons  of  workable  coal  of  which  5,266,625  tons 

has  been  worked,  leaving  724,109,875  tons  to  be  worked. 
Plan  No.  IS  contains  61,440  acres,  giving  603,376,584  tons  of  workable  coal,  of  which  39,674,375 

tons  has  been  worked,  leaving  563,702,209  tons  to  be  worked. 
Plan  No.  14  contains  47,262  acres,  giving  208,038,750  tons  of  workable  coal,  of  which  181,814,687  tons 

has  been  worked,  leaving  189,224,063  tons  to  be  worked. 
Plan  No.  15  contains  27,228  acres,  givin?  293,700,417  tons  of  workable  coal,  of  which  18|508,1S5 

has  been  worked,  leaving  280,192,292  tons  to  be  worked. 
Plan  No.  16  contains  14,485  acres,  giving  130,365,000  tons  of  workable  coal,  of  which  7,617,S50  has 

been  worked,  leaving  122,747,760  tons  to  be  worked. 
Plan  No.  17  contains  9,656  acres,  giving  128,598,000  tons  of  workable  coal  of  which  18,024,125  has 

been  worked,  leaving  115,573,875,  tons  to  be  worked. 
Plan  No.  18  contains  3,050  acres,  giving  33,550,000  tons  of  workable  coal,  of  which  2,427,000  has  been 

worked,  leaving  31,123,000  tons  to  be  worked. 
The  whole  giving  a  summary  of  23,566,045,088  tons  of  workable  coal  at  all  depths  (after  making  the 
necessary  deductions  for  faults,  pillars,  barriers,  and  small  coal  left  behind)  of  which  there  is  worked 
178,775,598  ions,  leaving  the  quantity  to  be  worked  23,387,269,490  tons,  equal  to  99^4  per  cent  otf  the 
original  quantity,  after  having  made  the  deductions  enumerated  above. 

It  will  further  appear  from  the  tables  that  out  of  the  net  quantity  of  23,387,269,490  tons,  at  all 
depths,  19,457,045,335  tons  exist  at  depths  less  than  4,000  feet,  ai^er  making  all  proper  deductions  as 
above  mentioned;  that  of  this  quantity  178,775,598  tons  hare  been  worked,  leaving  the  net  totalof 
available  to  be  worked  19,278,272,740  tons  equal  to  99*08  per  cent  of  the  onginal  quantity. 

The  quantity  bebw  4,000  feet  will  be  seen  to  be  4,108,996,750  tons  after  tike  usual  deductioiu  have 
been  made. 

The  following  plan^,  sections,  and  computations,  accompany  this  report : — 

1.  Eighteen  ordnance  plans,  consistug  of  eighteen  separate  groups,  to  shew  the  area  of  coal  at  the 
respectiTc  depths,  namely : — 

2,000  feel^ 
3,000  feet, 
4,000  feet, 
6,000  feet, 
6,000  feet,  and 
7,000  feet, 
And  upwards. 

2.  Vertical  section  of  the  veins  of  coal  on  "  the  north  crop  "  of  the  basin. 

S.  Vertical  section  of  the  veins  of  coal  on  "  the  south  crop  "  (north  of  anticlinal). 

4.  Vertical  section  of  the  veins  of  coal  on  "  the  south  of  anticlinal." 

5.  Summary  No.  1,  showing  tile  computed  areas  and  quantities  of  coal  in  each  plan  dbtinguishing 
the  respective  crops. 

6.  Summary  No.  2,  showing  the  computed  areas  and  quantities  of  coal,  in  each  plan  under  the 
various  colours  distinguishing  the  respective  crops. 

7.  Summary  No.  3,  showing  the  computed  grMS  areas,  and  quantities  of  coal  under  the  various 
colours  distinguishing  the  respective  crops. 

8.  Sheet  showing  tiie  thickness  of  the  respective  veins  of  coal  at  the  various  collieries  on  the  north 
crop  compiled  for  computation. 

9.  Sheet  showing  the  thickness  of  the  respective  veins  of  coal  at  the  various  collieries  on  the  sooth 
crop  (north  of  anticlinal)  compiled  for  computation. 

10.  Sheet  showing  the  tiiickness  of  the  respective  veins  of  coal  at  tiie  various  collieries  on  the  south 
of  anticlinal,  compiled  for  computation. 

11.  Sheet  showing  the  gross  quantities  of  coal  worked  from  the  respective  collieries,  distinguishing 
the  north  crop,  the  south  crop  (north  of  anticlinal),  and  south  of  anticlinal. 

12.  Sheet  showing  the  summary  of  total  areas  and  quantities  of  each  plan,  distinguishing  the  north 
crop,  the  south  crop  (north  of  anticlinal),  and  south  of  anticliuaL 

IS.  Sheet  showing  the  total  thickness  of  coal  and  ground,  distinguishing  the  respective  bos^b  ; 
namely ; 

The  Upper  Pennant  series. 
The  Middle  Pennant  series, 
and 

Lower  or  Ironstone  series. 
14.  Summary  cf  quantities  and  duration. 

Pembrokeshire  coalfield  has  not  yet  been  completed.  The  report  upon  it  will  be  finished  m  a 
fortnight 

I  am,  jcc, 

H.  HuaSET  VlVTAlT. 


My  3-OED  Ddke,  ^  Ist  May  1871. 

1  now  beg  to  forward  plans,  sections,  and  computations  of  the  coal  contained  in  the  Pembroke- 
shire coalfieh],  amounting  to  815,695,910  tons,  all  within  S,000  feet 

I  am,  &C., 

H.  HtrssET  VmAW. 
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liiiTlPr?". 
aral  Siiiiill 
l-i.nl  li-f! 

iH-hil.H, 

in  full-  -if 
t'Jfj  I'l'iiti  la, 

Onntltror 
CoiJ,  after 
makbig  the 

I>e[|uctions 
Tor  Faults. 
IMlors. 
Harriers, 
niitl  Small 
i^jalleft 
JMihind. 
LiL  Tons  of 
Pounds. 

Tons. 

Tons. 

Tons. 

isjmjanfioa 

6,000.01»,06B 

12,000.099,989 

M4«,87%4U 

^.744^ 

1,992,02.089 

S,l<S,ae44«8 

1,931.707,189 

2,260,44)1,000 

789.480^ 

1J[19J«1,898 

990.402420 

SSi.l04,fr41 

88U98,06« 

1 

Quantity 
of  Coal 
wrought 
from  the 
fMpective 

Seams 
and  Veins, 
In  Tons  of 

9.&U 
Pounds. 


Net 
QoMitity  of 

Goal 
remaining 
un  wrought, 
in  Tons  of 
2^  Pounds. 


i6,He 


Tons. 
i,80C,46a,8Z5 


20,137  979,141,879 


17,319  987,967,12s 


Tons. 
6U3n,B«l 


Tons. 
l,m,88«,0S4 


Tons. 

XflStfitHS 


19^S9MSB     218,761,28U  — 


102,4Mvl06 


89.119^ 


9.361      146.StMM  48^74^417 


i 


204,M)8,8»4 


178,298,083  — 


97398,888  — 


ig^aiMSS      81486,197 1  — 


Tons. 
1,939,622^184 


248,791.250 


17M38,06S 


97,406,833 


91.286,197 


Acres. 
1,914,012 


420v329 


326,690 


143,890 


10lhO«7 


DS.flS8 !  ymjaajm 


988tl7U74|  1.999,Stf,79l|  1,082,000 


t,997Wffl 


2^18,784 


|8akSI9L097,fl29|li; 


Tons. 
178,770,996 


Tons. 
11321,268,787 


—  4891,74^889 


M<9,99M68 


1,931.707.199 


1,019401,888 


00^198,064 


178.770,098  18,387,969,400 


Digitized  by 


Google 


Digitized  by 


Googl 


MH.  VIVIAN. — SOUTH  WALES. 


7 


lih.vmAT. 

SOUTH  WALES  MINERAL  BASIN, 

Wmm  OVlfMumrv  Fsvtt  to  FanArsr  Vault. 

SuxxABT  of  Totals  of  eadi  Plan,  containing  the  Nobth  Cbop,  South  Crop  (Nobtb  of  ANTtCLiHAL), 
South  of  Anticlinal,  and  Doubtful  and  Undeb  the  Sea. 


ToUl  extent 
of  eich  BeAin 
or  Vein  of  Coftl 
in  each  PUn,  In 
BUtute  AcTM 
of^MOSqiure 
Tudf. 

Tot&l  Quantity 
of  Co»l  in 
Tons  of  2,840 
Pounds,  calcu- 
lated At  IJWO 
Tons  por  Foot 
MA,  per  Acre 
of  4tSU  Square 
Tarda. 

Deduction!  for 
Faults,  Pillars, 
Barriers,  and 
Small  Coal  left 
betiind,  in 
Tom  of  2,240 
Poniids. 

Quantity  of 
Coal  after 
makinfT  the  1 
Deductions  for  1 
Faults,  Pillars.  | 
Barriers,  and  . 
Small  Coal  left ! 
behind,  in  1 
ToDBort^W 
Pounda. 

Quantity  of 
CmI  vrought 
from  the 
respective 
Seams  and  , 
YeinBinTona 
of  8,240  Pounda.  1 

i 

1 

NetQuaQtilj  ' 

of  God 
retnafniug  un- 
wrought  in 
Tons  of  2.240 
Pounda. 

AOTBB. 

Totu. 

Tons. 

Tons. 

Tons. 

Tons. 

1 

sar,7i« 

6M,78i»0 

181^700 

MIU8B,a00 

— 

443,180,600 

t 

8n,B41 

V086,8IB,088 

8,IH1» 

8 

H18M 

MMkM58« 

M4«>,7O0 

i 

MBMttiOBS 

ums7o 

B 

I1M16 

^708,708420 

l,S0BJWl,87B 

848^38,788 

0.14MM 

- 

fl 

aos^ 

S»,MS,916 

1,918,888^ 

1,818.875 

7 

1»MU> 

a^oKvn^Boo 

670,104^ 

^8»UMW 

l,S80,8Ua07 

8 

187,880 

IH^Mi^ 

— 

aOBjMSW 

9 

181  ^OM 

871J«7,IM 

1.74MMB00 

6,788,780 

ur8ei7«^78o 

10 

lB0,fi6B 

8,818,168^ 

uoe/ioMU 

2,SU,U8^ 

e,08M81 

2,S0ifl7«,878 

11 

mm 

iw,eii,2» 

40B,n7,M8 

80Bb074Jfl7 

600,200 

80Ma8,n7 

u 

im06^7&0 

064,688^ 

7aB^S78>B00 

784400,870 

u 

<1>40 

•00,084^5 

8(M8Un 

808,ff«^ 

8B^M70 

■  883,7«S^ 

u 

«^ 

lomsn 

108,888^780 

UK8K068 

u 

ar^ 

808,70^7 

MWSI 

ie 

68^81,000 

180,880.000 

7,61?,S00 

188,747,780 

17 

MM 

UMRT^OOO 

Haw,ooo 

188,808»00 

18.08^180 

11W7W7B 

18 

HbMMMW 

16.778.000 

38.580,000 

8,4r,000 

81,UMn 

Votal 

u,7n,oss,os7 

88,068,040/188 

178,775,008 

88.887,908,480 

A  b 
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QUANTITIES  OF  COAL  IN  KNOWN  COALFIBLDS. 


Calculation  of  Abeas  and  Qvaittxties  of  Coal  in  FEUBROKESHIBE. 


3lk.Tinijr. 


No. 
of 

FlWL 


B&OWir,  2,000  Vaet. 


iJtaae  in  Ascending 
Order  of  encli  Seam  or 
Vdn  of  Coal,  one  Poot  and 
npwanlfl  in  Thickness  1 
contained  in  each 
Plan. 


ThickoesB 
of  Coal 
Ineaeh 
Plan. 


TotAl 
Extent  of 
each  Seam 
or  Vein  of 

Ooollu 
each  Plan 
In  Statute 
.  Aomof 


Total 
Qnantity  of 
Coal  in  Tons 
of  8^ 
Poimi 


at  1,600 
Tons 
per  Foot 
(biok,  per 
Acre  of 


Deductions 
for  Faults, 

Pillars, 
Barriers, 
and  Snail 

Coal  left 
behind.  In 

Tons  of 

Pounds. 


Quantity  of 
'  Coal  after 
making  the 
.  Deductions 
for  Fanlta, 
i  FUlars, 

Barriers, 
I  and  Small 
I  Coal  left 
behind,  in 

Tons  of 

i:m 

Poundfl. 


Quantity 
of  Coal 
wroii(cht 
from  the 
respective 
Seams  and 
Veins  in 
Tons  of 

Pounds. 


Net 
Quantity 
of  Coal 
remidning 
unwrougfat 
in  Tons  of 

S,HO 
Foundi. 


LowxK  o>  "Bock 
Sbrw." 

Lower  Level  Tdn 
CatsholeTein 
lUJgettrTebi 
LadrPnlieTela  - 

IMal  - 


ft.  in. 


3  6 


Acres. 


Tons. 


Tons. 


s  6 


WfiSfl 


8a,S9B,S75  ;  86.796,626 


Tons. 


Tons. 


Tons. 


S8,B07,2SO 


UlSDLfl  BBBIBS. 
stinkard  Vein 
Book  Tdn  > 

Total  - 


S  0 


S  0 


SMS 


8,S2S 


Bnin." 
Eock  Vein  • 
Low  Vdn  • 
Timber  T«in 

Total 


11  i 


6,781 


11  4 


DooUful 


Total 


*  0 


4  0 


6,m 


10.704 


12,484,600 


24.969,000 


CttMBEU  BSMABXI. 


Lownm'BooK 
Smiu." 


proved  and  woricad 

(■MMOtfam). 


UlDDLE  SmxXS, 
ProTod  but  not  woriced. 


114^997^     SMU.tt3  I  7W»/67  I  — 


U4bS87,000  I  SS,S12^     76,624,667  I  — 


100^7(^000  I  83,588^ 


e7,I7a>000 


1«7M  I  100,764,000 

I 


83^000  67,176>000 


nms  OB  "TuuD 


Pmmd    nd  wwlnd 
<«i  MCUon). 


Donbtful;  only  partly 
proved. 


BUKUABT. 


Flan  Ho,  1  - 

Flan  No.  8     -        -  - 
FIBQN0.S  - 

ft.  in. 
S  5 

U  4 

Aores. 
16,607 

8,623 
fl;791 

Tons. 

37,463,600 
114.B37A0O 

Tons. 
2e,7BM2B 
12,464JK)0 
38,312,333 

Tons. 
53M7.8S0 

24.069,000 
76,«84>6e7 

Tons. 

Tons. 

TaM       •  • 

17  • 

77AMM 

PlanNo.4^donlitAd 

16,794 

100,76^000 

83,688,000 

e7,176/»0 

Total  QaaatUjjr  ■ 

111,163,468 

^,007 

n6,0BS,no 

■Sparoent. 
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No.  2. 

Dowlau  House,  Hertfarr  l^dvO, 
Sim  Irt  Februaiy  1871.  gwittWdefc 

I  HAVE  the  honour  to  transmit  to  you  my  report  upon  the  dinnon  of  the  Scmtfa  Wales  coal- 
field allotted  to  me,  and  with  it  an  appendix. 
Also,  by  train  this  evening,  will  be  forwarded  to  you  the  following  papers 

1.  A  boolc  containing  a  list  of  sections  of  coal  workings,  with  the  specific  gravities  of  coals*  and 

other  particulars. 

2.  The  sections  referred  to  in  the  appendix,  73  in  number. 
8.  Eiffht  summaries  and  one  general  summary. 

i,  Nme  maps,  being  those  to  which  the  summaries  relate. 

I  remun,  && 

The  Secretary,  3-eo.  T.  Clau. 

Coal  Commission, 

House  of  Lords,  London. 


SOUTH  WALES  COALFIELD. -Eastern  Division. 

He  division  of  the  South  Wales  coal  field  upon  which  I  am  called  to  report  extends  from  Pontypool 
and  Abersychan  in  the  east  to  the  Qlyn  Corrwg  great  fault  on  the  west,  about  S4  miles,  and  Jiom 
Llanharry  on  the  south  to  Hirwaun  on  the  north,  about  16  miles.  The  whole  area  within  the 
contuning  outcrop  of  the  mountain  limestone  is  about  425  square  miles. 

The  coal  seams  dip  conformably  with  the  limestone  towards  the  centre  of  the  basin,  at  an  angle 
wluch  varies  considerably  in  different  parts  of  the  field.  Along  the  northern  crop  the  dip  is  from 
Ihree  to  four  inches  in  tne  yard,  increasing  as  it  trends  towards  Pontypool  and  Cimbi&n,  where  it  is 
nine  inches.  It  continues  to  in^ease  along  the  southern  crop,  being  about  IS  inches  between  Bisca 
and  the  TuBT,  and  from  thence  to  the  Ogwr  about  18  inches. 

This  part  of  the  basin  is  perfectly  free  from  the  intrusion  of  foreign  rocks,  but  it  is  traversed  by  a 
saddle  or  anticlinal  line,  which  lies  east  and  west  in  a  somewhat  sinuous  course  from  the  Ebbw,  a  full 
mile  north  of  Risca,  by  Pontypridd  and  Ton-yr-efail,  across  the  lesser  Ogwr  by  Nant^tyrus  and  the 
Masteg  ironworks,  through  Baglan,  beneath  Swansea  Bay. 

The  basin  is  thus  divided  into  a  northern  and  a  soutliem  portion,  the  latter  being  about  one  lialf  of 
^e  area  of  the  former.  It  also  happens  that  this  line  of  elevation  is  so  placed  as  to  be  nearest  to  the 
side  of  the  basin  at  which  the  natural  dip  of  the  coal  seams  is  the  greatest,  so  that  it  brings  actually  to 
the  surface  seams  which  would  otherwise  lie  at  a  great  depth,  and  probably  also  lifts  the  deepest  seams 
to  within  a  workable  depth.  The  position  and  effects  oi  this  anticlinal  are  shown  upon  the  annexed 
transverse  section  of  the  coalfield,  laid  down  about  1843-4  by  the  Ordnance  6teologicfU  Survey.  This 
is  the  only  considerable  anticlinal  known  in  the  basin ;  any  others  that  may  exist  are  local  only,  and 
unworthy  of  notice  here. 

The  basin  is  also  traversed  by  a  considerable  number  of  faults,  of  which  about  four  and  twenty  hare 
been  proved,  one  tiiird  of  which  occur  at  Merthyr.  These  fiuilts  range  generally  north-west  and  south- 
east, and  are  nearly  parallel. 

Tliere  are  also  traces  of  other  faults  ranging  E.S.  B^st  and  W.S.  West.  These  latter  exhibit  a 
greater  displacement  of  level  than  the  former.  In  the  great  fault  in  the  Pontypool  and 
Mynyddysllwyn  district  the  difference  of  level  is  about  160  yvds,  and  in  the  great  Moel-gilau  fault 
near  Lhun^einor  about  450  yards.  The  displacement  in  the  northerly  and  southerly,  the  class  of  faults 
first  mentioned,  though  variable,  is  much  less,  ranging  from  six  to  eight  yards  up  to  100  yards, 
as  in  the  Gellygaer  fault  In  some  of  these  faults  the  displacement  increases  as  they  pass  south, 
in  others  the  reverse  is  the  case. 

The  lateral  separation  is  inconsiderable,  never  above  eight  or  twelve  yards.  There  are  no  trap 
dykes.  The  coal  in  the  immediate  neighbourhood  of  these  faults  h  rendered  tender  or  rotten  for  a 
breadth  of  from  10  to  \5  yards  on  either  side. 

Besides  the  anticlinal  and  the  faults,  the  geological  incidents  of  the  coalfield,  there  is  found  a  class  of 
phenomena  which  affiects  materially  and  favourably  the  winning  of  the  coaL  This  is  the  very  deep 
and  extensive  valley  system  by  which  the  measures  are  intersected.  Here  are  none  of  those  broad  plains 
which  elsewhere  have  rendered  necessary  for  the  winning  of  the  coal  shafts  often  of  very  great 
depth.  Much  of  the  coal  here  won  has  been  obtained  by  levels  driven  upon  the  crop ;  and  although 
this  mode  of  working  necessarily  becomes  less  and  \ess  applicable  the  shafts  required  are  less  deep 
and  therefore  less  costly  than  would  be  the  case  were  the  valleys  less  numerous.  So  completely  is 
this  the  case  that  of  the  deeper  shafts  as  yet  sunk  in  the  district,  that  of  the  Dowlais  Iron  Company 
at  Vochrhiw  is  only  430  yards,  and  those  of  lilwyn-y-pia  and  Dinas  in  the  Rhondda  are  about  400 
yards.  Probably  the  average  depth  of  the  shafts  throughout  the  district  is  about  half  this,  or  about 
gOOvapds. 

The  highest  ground  in  the  basin  is  Cam  Mosyn,  ihe  summit  of  which  is  1,971  feet  above  the  sea; 
but  even  under  this  elevation  the  coal  is  cspable  of  being  worked,  and  indeed  is  already  partially 
worked,  firom  the  deep  natural  excsvations  Hirwaun  on  the  northi  and  the  head  of  the  Rnondda  on 
the  south. 

1848S.   V6LL  3 
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Ma.  Clam.  It  will  be  seen  from  the  calculations  contained  in  the  appendix,  and  for  which,  with  the  summary.  I 
son  hWiiH.  am  indebted  to  Mr.  Adams,  of  Cardiff,  that,  taking  into  consideration  the  seams  ranging  from  one  Rrat 
and  upwards,  the  quantity  of  coal,  less  the  necessaiy  deductions  for  faults,  pillars,  barriers,  and  small 
coal  left  bebind,  that  is  to  say,  the  total  workable  coal  in  this  division  of  the  basin,  amounts  to 
18,612,800,000  tons,  of  which  there  have  been  worked  649,600,000  tons,  leaving  to  be  worked 
12,968,200,000  tons,  about  95  per  cent,  of  the  opgiiml  quantity,  after  making  the  above  deductions. 

It  is  mainly  to  the  complete  mtersection  of  the  ftdd  by  the  great  valleys  of  the  Nedd,  the  Afon,  the 
Ogwr,  Taff,  Rhvmny,  and  Ebbw,  and  their  subordinates  the  Ely,  Rhondda,  Cynon,  and  Sirhowy, 
and  tbe  AfoaXlwyd,  schich:  foUsy.into  the  Usk,  that  are  due  the  facilities  for  rapid  and  economical 
vaxls^ng  wl^eh  ohar^terize  the  South  Wales  coalfield,  and  which  have  enabled  it  within  the  Ust 
SO  years  to  assume  a  so  great,  importance  among  the  mineral  districts  of  the  kingdom. 

These  advantages,  great  in  themselves,  have  been  materially  aided  by  the  extensive  seaboard  of  the 
coalfield,  and  the  facilities  for  shipping  afforded  b^  its  ports;  and  when  to  this  comes  to  be  added  the 
rare  quality  of  the  coal  itself,  fitting  it  in  the  highest  de^ee  for  the  purposes  of  manufacture  of 
commerce,  and  of  war,  the  question  of  its  duration,  which  it  is  here  attempted  to  solve,  becomes  of  very 
high  importance  indeed  to  the  British  Empire. 

Geo.  T.  ClaAk. 

DowUus  House, 

Snd  January  1871. 


APPENDIX. 
In  this  Appendix  are  contained — 

Icri  The  general  map  of  the  district,  being  the  Ordnance 
Geological  sheet,  upon  which  the  outcrop  of  the 
Tarioua  seama  of  cou  has  been  laid  down,  though 
many  years  a^o,  with  great  accural^,  by  the  Ord- 
nance Geological  Surveyors. 
2ad.  EiRht  Ordnance  Maps,  upon  each  of  which  is  now 

laid  down  the  area  of  a  group  of  seams. 
iM.  A  longitudinal  section  of  the  coidfield  from  Pentyroh 
■m  tha  math,  noithwardB  to  Dowlais,  being  part 
of  thb  great  <vdnance  section  of  the  district  nom 
Bany  Island  on  the  Channel  to  Allt  Llwyd  in 
Breoonshire,  andoue  from  Trecastell  on  the  south, 
crossing  the  Ely  and  Rhondda  irall^,  to  near 
Peorhiw  on  the  north. 
4th.  Seventy-^hree  vertical  sections  taken  at  as  many  of 

ihe  collieries  now  at  work  in  the  district. 
For  the  purposes  of  this  Report  it  has  been  found  con- 
veaient  to  classif;^        cottl  seams  in  eight  gjoupa,  each 
being  contuned  within  about  one  hundred  vertical  yards. 
Gnt>np  No.  1  contains  bnt  one  and  that  the  lowest  seam, 
whioh  is  traced  round  the  whole  basin,  with  which 
therefore  its  area  roughly  corresponds.   This,  however, 
19  not  an  important  seam,  being  towards  the  north  end 
only  about  suteen  inches  thick,  and  in  the  south  about 
two  feet.    Except  imder  favourable  or  special  circum- 
stances, this  seam  has  not  been  worked,  and  at  present, 
it  is  b^eved,  is  not  worked  at  alL   The  particulan  of 
tluB  seam  are  set  f<a(a  in  Summary  No.  1,  whence  it 
appean  that  its  aiea  is  242,061  acres,  computed  to 
contain  of  workable  coal  385,400,000  tons,  of  which 
the  quantity  worked  is  very  inconsiderable. 
Group  No.  2  contains  from  four  to  six  principal  seams, 
TSffying  in  tiiiekueas  from  three  to  nine  net.  The 
subordinate  seems  are  about  the  same  in  number,  and 
nmge  from  eightem  inc^ies  to  three  feet.   The  names 
of  the  prine^  acanu,  both  here  and  in  the  other  die- 


tricts,  vary,  as  the  annexed  sections  will  show.  The 
area  of  this  group,  shown  in  Summary  No.  2,  is  21 1,338 
acres,  computed  to  have  contained  of  workable 
eoal,  3,808,000,000  tons,  pf  whioh  there  mnain  un- 
worked  3,686,200,000  tons. 

Group  No.  3  contains  four  principal  seams,  ranging  in 
thickness  ftem  three  to  seven  feet,  also  from  four  to 
seven  subordinate  seams  rangingfrom  one  to  thzee  feet  in 
thickness.  The  area  of  this  group  is  194,496  aores,  com- 
puted to  have  contained  of  workable  coal  6,6O9,300,0CO 
tons  of  which  6.122,500,000  remain  unworked. 

Group  No.  4,  This  group  contains  only  subordinate  seams 
of  which  there  are  about  three,  ranging  from'  two  to 
three  ffeet  thick.  The  «oup  oorera  an  area  of  180,000 
acres,  and  contained  of  wcvkable  coal  926,100,000  tons, 
of  which  912,400,000  tons  are  unworked. 

Group  No.  5  ie  siso  composed  of  subordiQate  aeanu, 
about  four  to  six  in  number,  and  ranciog  from  one  to 
four  feet  thick.  The  area  is  167,85.?  acres,  estimated 
to  have  contained  of  workable  coij  943,300,000  tons,  of 
which  919,700,000  remain  unworked. 

Group  No.  6  is  also  composed  of  sub<ffdiDate  seams» 
about  three  in  number,  and  varying  in  thickoess  from 
one  to  four  feet.  Owing  to  special 'circumstances,  and 
the  want  of  continuity  between  these  seams,  the  areas 
in  which  they  Ue  vary  from  62,189  acres  to  148,052 
acres,  and  may  be  taken  as  having  contained  of  work- 
able coal  740,200,000  tons,  of  which  717,fiO0,0Q0  are 
unworked. 

Group  No.  7-  This  group  is  composed  of  from  two  to 
three  leanifl,  also  anbordinate,  ranging  from  one  to 
three  feet  in  thickness.  The  area  is  47^12  acres-,  and 
contained  of  workable  coal  155,950,000  tons,  of  which 
about  155,800,000  remain  unwwked. 

Group  No.  8.  This  gronp  contauis  tluree  prind^  Haau 
ranging  from  two  to  six  feet  in  tiuckncss.  The  area 
is  21,787  acres,  containing  orinnallyiof  workable  coal 
144,550,000  tons,  of  wMeh  e3,7w,W0  remain  un- 
worked. 
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South  Bank,  Pendleton, 

My  Lord  Duke,  7th  February  1871. 

Ab  the  commissioner  chosen  on  the  10th  of  October  1866  to  ascertain  the  quantity  of  coal 
remaining  unwrought  in  the  coalfields  of  Lancashire,  Cheshire,  North  Wales,  and  the  Fores*  of  Dean 
in  Gloucestershire,  I  have  now  the  honour  to  report  thereon  to  the  general  body  of  the  Coal  Commission, 
of  which  you  are  tlie  chairman. 

In  ascertaining  the  probable  extent  and  thickness  of  each  of  the  workable  seams,  and  the  area 
already  wrought,  I  have  been  guided  bv  the  data  supplied  to  me  by  numerous  mining  engineers, 
managers,  colliery  owners,  and  others,  who  have  either  furnished  complete  information  ofthe  portiou 
with  which  they  were  conversant,  or  they  have  furnished  such  information  as  has  enabled  me  with  the 
addition  of  my  own  knowledge  to  make  the  required  calculations. 


The  names  of  the  priocipal  individuals  and  firms  that 

Altham  Colliery  Co.,  near  Accrin^ton, 

F.  D.  P.  Astley  (deceased),  Dukinfield. 
Astley  and  Tyldesley  Co.,  Tyldesley, 
EdwcL  Bailey,  Park  Colliery,  Oldham. 
James  Barker,  Cbarnock- Richard. 

Exors.  of  Joseph  Barnes,  Dunkenhalgh  Park. 

David  Bates,  .St.  Helens. 

Matthew  Bennett  and  Brothers,  Little  Hulton. 

Edwd.  Wm.  Binney,  Manchester. 

Wm.  Blackbume,  Oldham. 

John  Bradbury,  Hyde,  Cheshire. 

John  Bradbury,  Clayton,  Manchester. 

Henry  Bramall,  Rainford. 

Bridgewater  Trustee^  Walkden,  Bolton. 

H.  H.  Bolton,  Newchurch,  Rossendole. 

David  Bromilow,  St.  Helens. 

John  Brown,  Coleford,  Forest  of  Dean. 

Wm.  Bryham,  Wigan. 

Gregory  Burnett,  Hawarden. 

John  Chadwick,  Hay  dock. 

Fran(»B  P.  Charlton,  Middle  Hulton. 

C.  F.  Clark,  Garswood. 

Clifton  and  Kearsley  Co.,  Manchester. 

Cliviger  Co.,  Burnley. 

Thos.  I^.  Cottingham,  Mold. 

J.  Craig,  South  Mostyn. 

W,  Y.  Craig,  Lawton. 

Saml.  Crowther,  Great  Lever. 

James  Darlington,  Coppull- 

J.  Dearden,  Darcy  Lever. 

Thos.  L  Dickinson,  South  Bank,  Pendleton. 

John  A.  Dickinson,  South  Bank,  Pendleton. 

James  Diggle,  Westleigb. 

Thos.  Dodd,  Chorley. 

Exors.  of  L.  Duckworth,  Walmersley. 

Joseph  Ellis  (deceased),  Coppull. 

Josiah  Evans,  Haydock. 

Wm.  Evans,  Bowhng  Iron  Works,  Bradford. 

Herbert  Fletcher,  Ladyshore,  Little  Lever. 

Ralph  Fletcher,  Atfaerton. 

Thos.  Fletcher  Little  Lever. 

Thos.  Fletcher  and  Sons,  Outwood. 

Exors.  of  Richd.  Fort,  (ireat  Harwood 

John  Gibson  and  Co.,  Little  Hulton. 

Greo.  Gilroy,  Ince,  Wigan. 

Geo.  Goodwin,  Hyde,  Cheshire. 

Rev.  Philip  Graham,  Over  Darwen. 

Geo.  Green,  Tyldesley. 

Greenslate  Co.,  Wigan. 

G.  C.  Greenwell,  Poynton. 
John  Gre^ry,  Westleigh. 

Joseph  Gnmshaw,  Stami  Lane,  Radcliffe. 
Joseph  Grandy,  RadcUffe. 


have  aided  in  this  work  are : — 

John  Hall  (deceased),  Walmersley. 
Hapton  Co.,  H^ton. 

Geo.  Hargreaves  and  Co.,  Newchurch  and 

Baxenden. 
Heskin  Hall  Co.,  Heskin. 
Alfred  Hewlett,  Wigan. 
Peter  Higson,  Swinton. 
J.  J.  Horsfatl,  Biddulpb,  Congleton. 
Hugh  Hughe,  Berw,  Anglesey. 
Richd.  Hughe,  Berw,  Anglesey. 
Wm.  Ford  Hulton,  Hulton  Park. 
Joseph  Jackson,  Bolton. 
Edwd.  Jones,  Ruabon. 
Wm.  Jones,  Englefield,  HolywelL 
Andw.  Knowles  and  Sons,  Pendlebury. 
Knowles  and  Hall,  Radcliffe. 
.  Knowles  and  Stott,  Stoneclough.  - 
Thos.  Knowles,  Ince  Old  HalE  Wigan. 
John  Lancaster,  Wigan. 
Thos.  Lea,  Prescot 
Limehurst  Ca,  Ashton-under-Lyne. 
Clegg  Livesey,  Bredbury,  Cheshire. 
Thos,  Livesey,  Chamber  Hall,  Hollinwood. 
Cynric  Lloyd,  Neston,  Cheshire. 
Saml.  Lomax,  Rochdale. 
Wm.  Low,  Vron,  Wrexham. 
Geo.  A.  Malcolm,  Ryton-on-Tyne. 
Messrs.  Marland,  Bower,  Hollinwood. 
Adam  Mason,  Horwich, 
Mayall  and  Seddon,  Oldham. 
John  Mercer,  Park  Lane,  Wigaa. 
Moss  House  Co.,  Rainford. 
Lord  Mostyn,  of  Mostyu. 
Thos.  H.  Myres,  Tawd  Vale,  Skelmersdale. 
John  Newby,  Millhouses,  Hornby. 
Peter  Nightingale,  Worslev. 
Oldbam,  Middlecon,  and  kocfadale  Co.,  Old- 
ham. 

John  A.  Parke,  Withnell. 

Fredk.  Parke,  Withnell. 

Wm.  Thornton  Parks,  Elton,  Bury. 

Geo.  Peace,  Hindley  Green. 

Wm.  Pickstone,  Bury. 

Peter  Pickup,  Towneley,  Burnley. 

Edwd.  Pilkington,  Clifton,  Manchester. 

Joseph  Place,  Hoddlesden. 

Professor  Ramsay,    Museimi  of  Practical 

Greology,  Ijondon. 
Wm.  Ramsden,  Shakerley. 
John  Ridyard,  Worsley. 
Joseph  Roscow  (decessed),  Chadwick  HalL 
James  and  Wm.  Roscoe,  LUtle  Hulton. 
Geo.  Roper,  Lathom. 
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Peter  Rothwell^  Denton,  Manchester. 
J.  Ry lands  and  Sons,  Coickey  Moor,  RadcUffe. 
Marcus  W.T.  Scott,  4,  Westminster  Chambers, 
S.W. 

Jethro  ScowcroA^  Tong^  Bolton. 
SamL  Scovcroft,  Kearsley. 
Wm.  Seddon,  Oldham. 
Thos.  Shaw  and  Sons,  Haughton. 
Shaw  and  Foster,  Bickerstaffe. 
Shorey  Bank  Cc,  Orer  Darwen. 
Eocles  Shorrock  and  Co.,  Over  Darwen. 
Thos.  Simpson,  Oswaldtwistle. 
John  Smethurst,  Scot  Lane,  Blackrod. 
Fereday  Smith,  Manchester. 
Thomas    Sonwitb,  Victoria   Street,  West- 
minster, S.  W. 
Thomas  Southworth,  Hindley  Green. 
Kzors.  of  John  Stanley,  Moston, 


James  Stott,  CSieetham  HiE,  Blanchesten 

John  Tarbuck,  Abram. 

Wm.  Tattley,  Hindley. 

Tawd  Vale  Co,  Skelmersdale. 

Jeremiah  Thomas,  RhyL 

John  Thompson,  Chester. 

Jamea  Tonge,  Over  Hulton. 

Richard  Townsend,  Greave,  Bacnp. 

Victoria  Co.,  Rainford. 

Wm.  Waddington,  Burnley. 

Eli  Wal^  Oror  Darwen. 

W.J.  S.  Watkin,Pemberton. 

R.  C.  Webster,  Ruabon. 

Thos.  Whaler,  Wigan. 

Geo.  Wild,  Bardsley. 

J.  Wright,  Bank,  Little  Hulton. 

R.  H.  Wynne,  Stoke-upon-TVent. 

Thos.  Wynne,  Stone. 


of  Dim. 


The  few  Bgures  in  whidi  the  whole  is  summed  up  in  the  accompanying  tabular  statement  conv^ 
but  little  idea  of  the  magnitude  of  the  work.  The  extent  of  each  seam  that  is  likely  to  be  workable, 
and  the  portions  already  worked)  have  been  ascertained,  as  near  as  possible,  in  distinct  portions,  chiefly 
in  townships ;  and  the  depth  at  which  the  coal  is  likely  to  lie  in  the  unworked  portions  has  been 
ascertainea  by  longitudinu  sections  drawn  fiY>m  what  is  known  at  the  out  crops  and  from  pite  and 
borings. 

The  difficulties  of  ascertuning  the  quantities  already  worked  out,  and  what  barriers  may  hare  to  be 
left  against  the  old  workings,  hare  been  greatly  augmented  by  the  lamentable  fact  that^  in  the  old 
colliery  districte.  instances  are  numerous  where  no  available  plans  or  records  remun  to  show,  accurately, 
what  has  been  worked,  or  to  what  extent  explorations  have  been  made.  There  is  also  difficulty  with 
respect  to  the  quantity  of  clean  coal  which  may  have  to  be  left  behind  for  support,  &&,  consequent 
upon  the  uncertainty  as  to  the  extent  to  which  buildings  requiring  support  will  mcrease,  and  also  as 
to  water  rights,  &c.,  as  specified  in  the  report  of  Committee  C.  The  proportion  assumed  in  the  table  is 
based  upon  the  quantities  now  being  left  for  these  purposes  ;  therefore,  unless  the  loss  and  waste  be 
reduced  as  &r  as  possible  by  legislation  (as  p^hapsit  might  be  unobjectionably  in  connexion  with  the 
inq>ection  of  mines),  the  already  lai^  deductions  made  under  this  head  may  have  to  be  onuideraUy 
augmented. 

In  some  of  the  unproved  parts  of  the  coalfields  the  extent  and  thickness  of  each  particular  seam,  and 
die  depth  at  which  it  lies  may  possibly  vary  ;  the  average,  however,  will  probably  prove  to  be  correct. 

The  greatest  depth  yet  sunk  to  in  any  of  these  coalfields  is  806  yards,  and  tiie  greatest  depth  at 
which  coal  is  now  being  worked  is  797  yards.  In  the  following  collieries  the  depth  now  ooened  to 
exceeds  ffOO  yards. 

1st  Agecroft,  Manchester ;  A.  Knowl'es  and  Sons,  by  shaft 

Snd.  Arley  Hall,  Blackrod  ;  James  Gidlow,  by  shaft 

Srd.  Astley,  Dukinfield;  Dunkirk  Co.,  by  shaft. 

ith.  Bardsley,  Ashton-under-Lyne  ;  Bardsley  Co.,  by  shaft 

5th.  Bradford,  Manchester ;  Bradford  Co.,  by  shaft  and  incline. 

61ii.  Biynn  Moss,  Wigan ;  Pearson  and  Knowles,  by  shaft  and  incline. 

7th.  California,  Wigan ;  Wigan  Coal  and  Iron  Co.,  by  shaft  and  ineUne. 

8th.  Clifton  Hall,  Manchester;  A.  Knowles  and  Sons,  by  shaft. 

9th.  Douglas  Bank,  Wigan ;  J.  G.  Morris,  by  shaft 
10th.  Hafod,  Ruabon  ;  Ruabon  Coal  and  Coke  Co.,  by  shaft. 
11th.  Heys,  Ashton-under-Lyne ;  Furbottom  Co.,  by  shaft  and  incline. 
12th.  Hiudley  Deep,  Wigan ;  Wigan  Coal  and  Iron  Co.,  by  shaft  and  incline. 
ISth.  Ince  Hall  Arley,  Wigan;  Pearson  and  Knowles,  by  shaft  and  incline^ 
14th.  Ince  Hall  East,  Wigan ;  Ince  Hall  Coal  and  Cannel  Co.,  by  shaft. 
16th.  Limehurst,  Ashton-under-Lyne ;  limehurst  Co,  by  shaft. 
16th.  Lindsay,  Wigan ;  "Vngan  Coal  and  iron  Co.,  by  ehsA. 
17th.  Norley  Hall,  Wigan;  Norley  HiOl  Co.,  by  shaft. 
18th.  Parr,  St  Helen's;  Sankey  Brook  Co.,  by  diaft  and  indine. 
19tfa.  Pemberton  New,  Wigan;  Blundell  and  Son,  by  shaft. 
20th.  Pendleton,  Manchester ;  A.  Knowles  and  Sons,  by  shaft. 
21st  Rose  Bridge  Wigan ;  J.  G.  Morrif^  by  shaft. 
SSnd.  Standish  Taylor  Pit,  Wigan;  Wigan  Coal  and  Iron  Co.,  by  shaft. 
28rd.  Walthewhouse,  Wigan;  W.  H.  Brancker  and  Ca,  by  shaft. 
S4tii.  Wortfaington,  Wigan;  Norley  Co.,  by  shaft. 
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Table  showing  the  QuAHiSnrr  ojf  Coax,  ^jrought  «ad  UMWBOueEn',  in  liUroASHXBB^ -Crbsbibk,  Kobtb 
•   Wa£k8,  and  ifte  Fobxst  of  Dxax  iu  GUivfiEifBemasBM. . 


WtfMlonrt   —  1 

''Statute  Foot  Acres  of  .CoaJ,  WroDsbt  and  CJoTroD^t,  excloding  all  Seams  that 
are  not  m  workable  thlekneai. 

Toni,  of  2,240  Iba. 
ea«li,coBtafaied  indie 
portion ,  anwrougltl. 

Vameof  Codflddai 

Depth  from  the  Sor&ca. 

Portion 

deducted 

anpport 
bairien, 
fte. 

Portion 

and  hkely  to  be  clear 
for  working ;  aasum- 
ing  that  aner  allow- 
ing one  finuteenth 
for  nnavrndable  loaa 
and  waste  in  woiking, 
1,400  tons  maj  be 
obtained  frtnn  eadi 
ftiotaere. 

daKtibed. 

-  Notex- 
oeedfaig 
8,000  ftet 

Between 
8000  and 
4,000  feet 

Betveen 
4000  and 
6.000  feet 

Total 
wrought 
and  hh- 
WTonght 

PorticMi 

■IrMufv 

wrooght 

oowronght 
uKeiy  lo  De 
cleu"  fcr 
worldly. 

Lancashire. — ^The  part 
not  overiald  1^  Per- 
miaa      -  ' 

UQt      uTcTUUu  QVf 

4,522.068 
1,007,B9« 

136,112 
108,753 

6S.6621 
24,879  J 

5.862,390 

597,604 

1.381,414 

8,888,872 

5,486  Ififfiona. 

IHfeMtllf  M                  jwrt  At 

,  die  c«Mni  ode  not 
overlaid 

233/)29 

4,768 

838,797 

40,000 

64,149 

148,648 

200  Ditto 

Anglesey  - 

7,513 

7,613 

1,959 

1,586 

8,968 

5  Ditto 

916.682 

899,080 

1,914,962 

80,000 

815,632 

919,340 

1,887  Ditto 

Ilmtdiire,  inclodiDg 
Neston  in  Cheshire 
and  the  Ectaary  of 
the  Dee 

1,362,840 



1,362,840 

262,851 

566,109 

912,460 

716  Ditto 

TheFonttofPeaa  - 

802,671 

802,671 

87,787 

75,681 

189.203 

265  Ditto 

Total  . 

8,350,919 

548.713 

87,641 

8,987,179 

1,089,601 

8,896,561 

5,651,011 

7,911  Ditto 

the  parts  comprised  as  coalfield  in  the  table  are  as  follows : — 

Lancashire  includes  the  main  coalfield,  and  the  small  detached  coalfield  in  Lunedale.  The  oatekiits 
of  the  main  coalfield  are  taken  as  extending  from  Stalybridge  on  the  east  side  to  Colne  on  the  north 
leaving  out  the  rait  of  Saddleworth,  where  the  bwer  series  extends  into  Yorkshire.  Thence  from 
Golne  round  tiie  Burnler  coalfield  to  Blackburn  and  Darwen.  Beyond  diis,  the  sm^jl  detached  parts 
towards  and  at  Withnell  are  included.  Thence  by  Chorlej^,  Heskin,  Lathom,  Skelmersdale,  Bicker- 
stafle,  Rainford,  Knowsley,  Crpxteth  Park,  and  Huy ton- with- Roby,  to  Tarliwk.  On  the  southern 
side,  where  the  coalfield  aips  under  the  Permian  and  New  Red  Sandstone,  i^ie  extent  to  which  it  is 
taken  is  only  to  the  line  of  overlay  in  the  townehips  of  Tarbock,  Sutton,  Bedford,  Astley,  Tyldesley 
Pendleton,  Pendlebury,  Ashton-under-Lyne,  and  Denton;  but  the  whole  townships  are  included 
of  Windle,  Knowsley,  Huyton-with-Roby,  Wbiaton,  Fresoot,  Eocleston,  Parr,  Haydock^  Newttm-in- 
Makerfield,  Golbome,  Abram,  Westleieh,  Atherton,  Worsley,  Prestwicl^  Great  Hfiaton,  Little  Heaton 
Middleton,  Alkrington,  Moston,  Chadderton,  and  Haugbton.  The  Manchester  coalfield  is  comprised 
only  80  far  as  it  has  at  presect  been  proved  to  be  not  overlaid  in  part  of  the  townships  of  Harpurhey 
Manchester,  Newton,  Bradford,  Droylesden,  0[)enshaw,  Ardwick,  and  Gorton.  The  Luneda^  coal- 
field (consisting  for  the  most  part  of  only  one  thin  seam  hitherto  found  workable)  is  taken  as  extending 
into  part  of  the  parishes  of  Qaughton,  Halton,  X^caater,  MeUing.  and  Tatham ;  and  the  deductions 
made  for  coal  worked  in  this  part  are  in  the  townships  of  Caton,  Farleton,  Quemmore,  Roebumdale 
Tatham,  and  Wrav-with-Botton. 

Cheshire  includes  only  the  part  at  the  eastern  side  which  is  not  overlaid  by  Permian,  &c.  The 
Keston  coalfield  on  the  Dee  is  included  with  Flintshire;  but  the  whole  of  the  overlaid' portion  of 
Cheshire  is  excluded,  in  order  that  it  may  be  treated  on  with  the  other  overlaid  portions,  by  Com- 
mittee D. 

Anglesey  includes  from  Maldraeth  Bay  to  Hirdrefeig,  including  the  portion  overlaid  by  Permian. 
The  part  at  Aber  Menu,  where  it  is  supposed  possible  tiiat  coal  may  be  found,  is  not  inclumd. 

Denbighshire  includes  the  whole  coalfield  to  the  extent  of  the  parishes  of  Gierford,  Wrexham 
Marchwiel,  Erbistoek,  Ruabon,  and  Chirk.  ' 

Flintshire,  Neston  in  Cheshire,  and  the  Estuaiy  of  the  Dee,  includes  the  whole  coalfield  of  Flintshire 
extending  eastwards  from  the  point  of  Ayr,  toffether'with  the  Estuary  of  the  Dee,  and  the  small  coal- 
field at  Neston  in  Cheshire ;  but  the  detached  part  of  Flintshire,  culed  Maelor,  overlaid  by  Permian 
is  excluded.  The  vale  of  Qwyd,  and  all  west  of  the  point  of  Ayr,  where  no  coal  has  been  discovered' 
are  also  excluded.  ' 

The  Forest  of  Dean,  Gloucestershire,  includes  the  whole  basin. ' 

Beyond  the  limits  to  which  the  coalfields  of  Lancashire,  Cheshire,  and  North  Wales  are  included 
underneath  the  Permian  and  New  Red  Sandstone,  the  mining  operations  in  the  included  portions 
indicate,  generally,  that  the  coal  seams  are  passing  underneath  unchanged,  and  that  no  bounds  have 
yet  been  met  with ;  but  that,  owing  to  the  underlying  and  overlying  formations  not  being  approximately 
conformable  near  the  outcrop,  higher  coal  strata  are  being  found  to  the  dip. 

In  Denbiffhshire,  where  underneath  the  drift,  about  70  yards  of  Permian  or  Red  Marls  have  been 
sunk  through,  higher  coal  seams  were  found  than  where  the  coalfield  is  not  overlaid,  and  no  large  body 
of  water  or  other  serious  mining  difficulty  was  experienced  in  the  sinking. 
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In  Lancashire,  where  the  edge  of  the  OTerlying  formation  has  been  sunk  through  in  several  places,  ULitaaxinoF. 
and  also  vorked  underneath  by  workings  to  the  dip,  the  results  hare  varied.  At  Edge  Green,  in  the  Lu^t- 
townsfaip  of  Golbome,  the  coal  measures  in  the  sinking,  so  far  as  I  had  opportunities  of  observing  the  oimUn^r^ 
junction,  terminated  in  a  hank  or  cliff,  flatter  than,  the  slope  of  an  ordinary  fault  throwing  down  strata  ^af%MaT* 
on  the  dip,  as  in  this  instance,  and  since  then,  after  the  workings  became  extended  underneath,  the 
water  from  the  overlying  red  rock  has  broken  in  and  stopped  the  working  in  the  upper  or  Pemberton 
mines.  At  Haydock,  in  the  Red  rock  pit,  and  at  Tyldesley,  in  the  Jackson  pit,  the  edge  of  the  red 
rock  was  sunk  through  in  a  similar  form  to  that  at  Edge  Green,  but  withoat  meeting  with  an  unusiud 
quantity  of  water.  At  Patricrof^  also,  the  Permian  Marls  and  Limestones  were  sunk  through  to  a  depth 
of  about  40  yards  without  much  water,  the  dip  of  the  Permian  there  bemg  less  than  that  of  tibe  coal 
strata.  At  Pendleton,  in  the  Irwell  valley,  where  the  overlying  formation  was  sunk  into,  a  large 
volume  of  water  was  met  with.  At  Manchester,  in  workings  to  the  dip,  at  about  500  yards  below  the 
surface,  the  coal  is  passing  regularly  under  the  Liower  Permian  Sandstone,  without  anything  to  indicate 
the  change  of  the  surface  deposit.  But  wherever  such  Lower  Permian  Sandstone  is  met  with,  as  in 
the  valley  of  the  Irk  and  valley  of  the  Medlock,  at  Manchester,  and  the  situation  of  it  is  below  free 
drainage  level,  sinking  operations  are  likely  to  be  attended  with  serious  difficulty,  on  account  of  the 
water,  and  the  loose  state  of  the  Sandstone.  But,  as  in  the  case  of  the  winnings  already  accomplished 
under  similar  circumstances  in  the  coimty  of  Durham  and  elsewhere,  the  difficulty  is  not  Ukelv  to  be 
insurmountable ;  and  the  whole  of  the  overlaid  portion  of  Lancashire  situated  on  the  dip  of  tne  line 
to  which  the  coalfield  is  included  in  these  calculations,  as  well  as  the  whole  of  the  part  of  central 
Cheshire  which  contains  coal,  and  the  remaining  part  of  North  Wales,  containing  alto^ther  probably 
£ve  times  as  much  coal  of  workable  thickness  as  that  which  is  included  in  these  caiculations,  may  fairly, 
so  far  as  water  and  sinking  difficulties  are  concerned,  be  considered  attainable ;  and  when  the  time 
comes  for  such  deep  operations,  I  am  sanguine  enough  to  suppose  that  dther  the  rato  at  wluch  the 
temperature  is  now  found  to  increase  with  the  depth  will  have  become  moderated,  or  that  means  irill 
be  found  for  overcoming  the  difficulty  now  properly  anticipated  in  this  respect 

I  hav^  &&, 

Joseph  Dickinson. 

His  Grace  the  Duke  of  Argvll, 

Ghwrman  of  the  Cou  Commission. 
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QtTANTmES  OF  COAL  IN  SHOWN  COALFIELDS. 


No.  4. 


7,  EUison  Place, 

Dka»  Sir,  ...  20th  June  18V0. 

1  enclose  you  the  statements  showing  the  quantities  of  coal  remaining  in  my  districts,  Tiz^ 
Northumberland  and  Cumberland.  I  would  hare  sent  them  to  you  sooner,  but  I  expected  to  have 
been  in  London  last  week,  and  intended  to  have  brought  them  with  me.  The  sections  of  strata  I  have 
sent  by  teain* 

Yours  faithfully, 

J.  F.  Campbell,  Esq.  Thos.  E, 

CUMBERLAND  COALFIELD. 


Quantity  of  coal' 
available  after 
dedacting  pro- 
portfoo  lilnel}' 
tobedeitnmd 
bj         fee. . 


GoAi.  m  Suits. 


laina. 
thiek. 


14  ioB. 


ISini. 
Uuek. 


17  ioi. 
thick. 


18  ins. 
thick. 


Tons. 


8,122,184 


Ttau. 


Tmt.    I  Tons. 


828,480 


3,800,000 


Tons. 


1,888,750 


Totalfrfnt  IS  iu.  to  18  ios.  tUflk  - 


Thick. 

Tons. 

13iaB. 

8,123,184 

H  „ 

1,269,000 

16  „ 

828,480 

17  » 

2,800,000 

18  „ 

1,888,750 

- 

Sy408|4I4 

30  ins. 
thi«k. 


SI  ins. 
thick. 


SS  ins. 
thick. 


34  ins. 
thick. 


Torn. 


1,536,830 


Tona. 


8,828,287 


Tons. 


Tons. 

30,927,463 


Total  from  ISioB.  to 
S4  ins.  thick 


-} 


TUok.  '  Tons. 


SO  Ins. 
21  „ 
S4  ,. 


1,398,820 
a,838,i87 
30,337,462 


25,579,019 


Coal  IK  Bsams. 


26  ins. 
thick. 

37  ins. 
thick. 

28  ins. 
thick. 

30  ins. 
thick. 

{  31  ins. 
1  tbick. 

S3  ins. 
thick. 

83  ins. 
thick. 

84  bu. 
thick. 

86  ins. 
thick. 

36  ins. 
thick. 

QoBotiQr  of  eoall 
availa!Ue,aftOT 
deducting  pro- 
portion ukely 
tobedettrored 
l^ftoltSf&c:  J 

Tons. 
1,889,166 

Tons. 
6,599,884 

Tods. 
928,510 

Tons. 
8,968,858 

TaoB. 
825,500 

Tons. 
20,758,986 

Tons. 
8,488,  [80 

Tons. 
1,615,656 

Tons. 
8,583,680 

Tons. 
98/>S8,056 

TUck. 

26  ioa. 
87  „ 
98  „ 
80  „ 

Tons. 

1,689,168 
6,529.684 
928,510 
8,968,858 

Total  from  SO  ins.  to  86  ins.  tbick  - 

ndek. 

81  ins. 

83  „ 
38  „ 
34  „ 
86  „ 
86  „ 

TtWt. 

825,500 
20,753,936 
8,488,130 
1,615,656 
8,583,630 
28,038,056 

Total  from  S4  ins.  to  80  ii 

Di.  thick 

18,105,665 

52,798,908 

CojLL  nr  Sbaiu. 


37  ins. 
thick. 

39  ins. 
thick. 

41  ins. 
thick. 

42  ins. 
thick. 

Quanti^  of  coal' 
■TBiUble,  after 

dednctins  pro- 
portion ukely 
tobedMtn^ed 
iknhs,  ato. . 

Tons. 
354,81s 

Tons. 
8,088,950 

Tona. 
8,664,750 

Tons. 
3,365,969 

Total  from  86  ins.  to  4S  ins.  thick  - 

Thick. 

87  iM. 

39  „ 

*1  » 
*2  „ 

Tons. 

354,813 

8,038,950 
3,654,750 
3,265,963 

9,308,974 

44  ins. 
thick. 


48  ins. 
thick. 


Tons. 
787,600 


Tons. 
5,988,890 


Total  from') 
43"  to  I 
~40"thiekj 


Thick. 

44^ 

48" 


Tons. 

787,600 
5,983,390 


6,770,890 


51  ins. 
thick. 


53  ins. 
thick. 


54  ins. 
thick. 


Tons. 
ll,S8S,313 


Tons. 
5,546,450 


Tons. 
4,768,685 


Total  from*) 
48"  to  54"  I 
thick  -J 


Thick. 


81' 
58' 
54' 


Tons. 

11,283,813 
6,546,450 
4,763,625 


21,591,888 
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1IB.T.B. 


Qumti^  of  e<»l1 
■nibble,  ifter 
dednctmgpro- 
portion  likelj 
tobcdMtroyed 
bjfiultt,  &o 


Coal  dt  Smuu. 


59  iu. 
thick. 


SOfau. 


66  int. 
thick. 


T<mi. 


Tom. 
11,857,337 


Tom. 
14,790,354 


Total  ftMB  54  ini.  tol 
66  tall,  ffaiek   -  ./ 


Thiok. 

65  bs. 
60  „ 

66  « 


Tons. 

5,868,080 
11,857.837 
14,790,354 


83.010^71 


70  im, 
tUdk. 

73  UH. 
thick. 

Tona. 
39,548,347 

Tons. 

1,338,400 

Totelfram 
tUok  . 

Thick. 
71* 

Toiu. 
IM«M7 

75  uu, 
thtek. 


Tods. 


35,654,587 


76  ins. 
tUek. 


Tddb. 


80  ins. 
duck. 


Tons. 


83  ins. 
tUok. 


84  ins. 
thick. 


Tons.  Tons. 
1,818,60013,413^58  1,869,484 1,784,600 


Total  turn  7S  1»L  to 
84taiftdiick 


-} 


75  ioB. 
78  „ 
80  „ 

83  „ 

84  „ 


Tons. 

85,654,587 
1,818,600 
8,413^58 
1,869,484 
1,734,600 


48,989,63» 


Coal  m  Shims. 


86fais. 
thick. 

90  ins. 
tUek. 

105  ins. 
thick. 

113  ins. 
thick. 

—  ins. 
thick. 

—  ins. 
thick. 

—  ins. 
duck. 

Quantity  of  coal' 
•TmOsble,  sAer 

dednctingpro- 
portion  nkely 
to  be  destroyed 
t^feolls,  &e. . 

Tom. 
3,858,413 

Tons. 
807,800 

Tons. 
50,018,375 

Tons. 
1,803,300 

Tons. 

Tons. 

Tons. 

Tons. 
80a,8S7,m 

Total  fiom  84  ins.  to  119  ins.  Aiek  - 

Thick. 

85  ins. 
90  „ 
105  M 

lis  „ 

Tons. 

3,358,413 
807,800 
50,013,375 
1,803,300 

54,483,687 

From  12  ins.  to  18  ins.  thick 

» 

18  ins.  to  24  ins. 

n 

24  ios.  to  30  ins. 

M 

tt 

SOins.  to  86  ins. 

f* 

n 

86  ins.  to  42  ins. 

n 

» 

42  ins.  to  48  ins. 

» 

n 

48  ins.  to  fi4  ins. 

n 

n 

54  ins.  to  66  ins. 

tt 

n 

66  ins.  to  72  ins. 

» 

» 

72  ins.  to  84  ins. 

u 

I* 

84inB.  to  112ins. 

ft 

Total  tons  of  coals  to  be  worked  from  the  Comber- 1 
land  coalfield,  as  per  retunis  made  from  the  > 
collieries^  Ac.  •  - .  - 

Unbeb-Sea  Coal — It  is  estimated  that  for  a  distance' 
of  8  miles  two  workable  seams  of  coal  will  be  found 
under  the  sea,  making  in  the  aggregate  11  feet  of 
cual  over  an  area  of  16  square  miles }  taking  the 
extent  to  be  worked  seaward  2  miles  =  10,240  acres 
X  1 1  feet,  and  allowing  40  per  cent,  to  be  kft 

Total  ... 


Tooa. 

8,408,414 
25,579,019 
18,105,66£ 
52,793,908 
9,308,974 
6,770,890 
21,591,388 
82,015,571 
30,786,747 
43,989,^29 
54,482,687 


808,827,793 


-=101,87^000 


405,208,792 
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QUANT^JEBa;^^.99AL.  jB)I:  BlflOTP^  COALFIELDS. 


VS.V.B. 

ITortluiiii* 
iMriaad. 


NOBTHUHBEBLAND  COALFIELD. 


Coal  nr  Bauu. 


ISinehM 
thiofc. 

18  ineha 
thick. 

14  inehes 
tUok. 

Iff  inebes 
thiofc. 

16  'mdbet 
tbiek. 

17  inebes 

18  indies 
tiiick. 

Quuiti^t^  ooal'^ 

dednctiagpro- 1 

tobedMtroyed  1 
by  Antes,  &&  J 

TOBK-  - 
84^14,300 

Tods. 

fi,S88,14a 

9,777,316 

Ti». 
14,124,470 

Tons. 

39,908,499 

Tool 

21,948,427 

Tons. 

62,474,448 

Tbtslfiom  ISins.  to  18iiis.diiek 


Thick. 

13  ins. 
13  „ 

1*  n 

16  „ 

16  „ 

17  „ 

18  „ 


Tons. 

34.514,200 
5,288,142 
9,777,816 
14,134,470 
39.908,499 
21,943,427 
62,474,448 


167,975,602 


COIX  IN  Sbaw. 


19  ins. 
thick. 


Qosttti^  of  coal' 
arailsble,  after 
dodncting  pro- 
portion ukely 
to  be  destroyed 
br&Dltfl,  &e. 


Ton*. 

11,913,689 


SO  ins. 
thick. 


Tons. 
8,183,791 


91  ins. 
Ibiok. 


Tons. 

8,107,060 


39  ins. 
thiok. 


Tmib. 
36,386,935 


Total  fronil8  ins.  to  34ins.tbM^  . 


Thick. 

19  ins. 

20  „ 
81  « 

a*  « 


34  ins. 
dock. 


Tons. 
110.713,081 


Tons. 

11,912,689 
8,183,791 
8,107.050 

36,388,938 
110,712,081 


165,154,486 


3Sins. 
thick. 


36  ins. 

thick. 


Tons. 
26,336,570 


Ttms. 
49,681,386 


38  ins. 
thick. 


Tons. 
84,968,419 


29  ins. 
thick. 


Tons. 
41,795,985 


SO  ins. 
tUck. 


Tons. 
201,312,247 


Totsl  from  84  ins.  to 
SOiDa.tldok 


-} 


Thick. 

25  ins. 

26  „ 
38  „ 
89  „ 
80  „ 


Tons. 

36,336,570 
49,581.385 
84,968.419 
41,795,985 
301,212,247 


403,894,606 


Quantity  of  coal 
•vailaUc,  after 
dedoctinff  pro- 
portion ukely 
tobedestnnred 
byfiwlts,  &e. , 


Coal  ht  Sbamb. 


81  Ins. 
thick. 


Tons. 
44,946,636 


S3  ins. 
thick. 


Tons. 
51,847,594 


8S  ins. 
thick. 


Tons. 
112,853,991 


34  ins. 
thick. 


Tons. 

64,087,6  U 


Total  frran  SOins.  to  S8  ins.  tfdck 


86  IDS. 
thick. 


Tons. 
462,998,271 


Thick. 

Tons. 

31  ins. 

44,946,885 

83  „ 

51,847,594 

M  „ 

113,BMiV91 

M  » 

64,037>619 

86  „ 

463,998,371 

786,184,103 

89  ins, 

thicld 

40  ins. 
tbidc 

41  ins. 
thick. 

43  ins. 
thick. 

Tons. 
88,601,608 

Tons. 
70,408,608 

Tods. 
Sl,587/>05 

Torn. 
164,869,748 

Total  ttom  36  Ins.  \ 
to  42  ins.  thick  J 

nUek. 

89  ins. 
40  „ 
*1  » 
*9  » 

Tons. 

58.601,603 
70,408,603 
81,587,005 
164,859,748 

819,988,959 
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Quantitjf  of  coal' 
available,  after 
dedaetiDg  pro- 
portion likcdy 
to  bedettroTed 
by         Ac . 


Coal  nr  SaAm. 


48  iu. 
thick. 


44  im. 

thick. 


46iiu. 
thick. 


47  inf. 
thick. 


48I1W. 
thick. 


Tons. 
84,489,54(( 


TODB. 

87,968^74 


Tons. 
S«,87fi^lS 


Tons. 
14^,819 


Tnu. 
109^18,604 


Totd  ftom  49  in.  to  48  ini.  thick 


Tbiek. 
4Sini. 

46  „ 

*7  « 
46  ,. 


Tons. 

34,489^46 
87,966,874 
86,375,816 
14,542.623 
159,018,604 


88S,891,»61 


49  iO0. 
-thick. 


53  ini. 
thick. 


54  im. 

thick. 


Tons. 
9,798,755 


Tou. 


MS  6,000 


Torn, 
57,185,858 


Total  from  48ini.1 
to  S4iM.  flikk -J 


Thiok. 

49  int. 
68  „ 
54  , 


.  T<HM. 

9,798,755 
3,426,000 
67,135,858 


69,860,608 


~Kb.T.B. 
Toumnu 

Ifavthan* 
befland. 


Qoantity  of  eoal' 
araihible,  after 
dedacdng  pro- 
portion likely 
tobedntmcd 
by  fluilts,  fte. . 


Coal  hi  Skaki. 


56  ins. 
thick. 


Tons. 
16,908,803 


58  ins. 
thick. 


Tons. 


60  ins. 
thick. 


Tons. 


88,884,986  869,886,890 


Total  from  54  ins.  to 
60ins.t]ilek 


-} 


Thick. 

66  ins. 
68  „ 
80  .. 


TOOB, 

16,908,808 
83,884,986 
889,888,890 


890,178,639 


15;34p,S60  93^46,661 


61  ins. 
thick. 


Tons. 


64  ins. 
thick. 


65  ins. 
thick. 


Tons. 


Tons. 
18.543,198 


66  ins. 
thick. 


Tons. 
19,458,789 


Total  from  60  ins. 
to  66  ins.  thick 


Thick. 


61  ins. 
64  „ 
66 

66  ., 


Tons. 

46,240,260 
98,246,661 
18,542,198 
19.458,789 


176.487,868 


72  ins. 
[thick. 


85  ins. 
thick. 


Tons. 
81>1 14,984 


ToiM. 
98,199,908 


Totil  from 
66"  to  86" 
tUok  . 


Thick. 


72  ins. 
86  , 


Tons. 
S3.19S.Me 


—  ,HS14bU9 


TotaL 


Tons. 
9,744^98,889 


SUIUCABT. 


Fmn  12  ins.  to  18  ins.  tiiick 

H 

18  ins.  to  24  ins. 

» 

n 

24  ins.  to  80  Ids. 

M 

80  ins.  to  36  ins. 

» 

» 

36in8.  to42in8. 

V 

» 

42  ios.  to  48  ins. 

n 

fi 

48  ins.  to  54  ins. 

» 

ft 

£4  ins.  to  60  ins. 

» 

60ins.  to  66  ins. 

n 

» 

66  ins.  to  85  ins. 

n 

Total  number  of  tons  of  oo«l,  a  per  retuniB  nude  from ' 

the  collieries,  &c.  .... 
Uin>E3t-SEA  Coal,  Nobthuhbxbland  Coast. — It  is  sopposed' 
that  from  the  river  Tjne  northward  to  Creaswell,  a  dis- 
tance of  20  miles,  four  workable  seams  of  coal  will  be 
found  under  the  sea,  making  in  the  aggregate  14  leet  of 
coal  over  an  wea  of  40  square  miles ;  tauog  Uie  extent  to 
be  worked  seaward  at  2  miles  =  25,600  acres  X  14  feet 
thick  X  1,500  tons  per  foot  per  acre,  and  allowing  25  per 
cent,  to  be  lefi^  there  will  be  available  coal 

Total  .... 


Tons. 
167,975,602 
165,154,486 
403,894,606 
736,184,103 
319,956,959 
332,391,961 

69,360,608 
820,176,629 
175,487,853 

54,814^183 

2,744,896,889 


4O8,200/X)0 


8,148/)96,889 


G  4 
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bMlud. 


NOBTHUHBKBLAND  MOUNTAIN  LIMESTONE  DISTRICT. 


OtuL  IK  Sums. 


thick. 


Quuti^  ofrcoal 
available,  after 
dednctiiw  pro- 
portion  likely 
tobedestxmd 


Tons. 


15  iai. 

thick. 


ISiu. 
thick. 


Tbiu. 
80,730^ 


TODB. 


8S,771,858 


ITiiu. 
thick. 


Tons. 


18  ins. 
thick. 


TffllB. 


1,114,000 


Total  fr(»n  ISins.  to  ISins.  thick 


Thick. 
U  ini. 

16  „ 

"  » 
18  .. 


Tons. 

3,646,594 
80,730,000 
85,771,858 
8,155,071 
1,114,000 


81^7,518 


20  ins. 

thick. 


as  ins. 
thick. 


Tons. 
4I,S89,86I 


Tons. 
48,7S8,1U 


SSfaw. 
thick. 


Tots.' 


34  ins. 
thick. 


Tons. 
7,W7,768 


Totalflram  ISins.  to* 
S4fais.  thick 


Thick. 

SO  ms. 

as  » 

94  .. 


Tons. 

41,989,863 
43,798,155 
90^,089 
7,867,768 


119,861,868 


Coal  dt  Ssua. 


95  ins.  thick. 


Qoantity  of  coal 
availaUe,  after 
dedaeting  pro- 
portfoo  Ukely 
tobedestroyed 
by  &olts,&o.  _ 


Ttnu. 


5,667,483 


96  ins.tludk. 


S7mB.thiok. 


TttBS. 

7,891,488 


Tons. 


791.446 


98  ins.  thick. 


Tons. 
17,941,749 


99fai8.tfiiek. 


Tons. 


9,518,999 


80  ins.  tibiok. 


Tons. 

7,148,079 


Total  frtnn  Siins.  to  SOins,  diiek 


Thick. 

Tons. 

95  ins. 

5,667,488 

96  „ 

7,891,489 

87  » 

791,448 

98  „ 

17,941,749 

89  » 

5,618,999 

w  „ 

7,148,079 

44,954,998 

Qnantilj  of  coal 
araHule,  after 
dedaeting  pro- 
portion likeljr 
tobedestnn'ed 
1)7  Antt*,  fto. . 


Coil,  nr  Sums. 


81  ins.  thick. 


Tons. 


70,870,971 


39  ins.  tfauA. 


Tons. 


18,799,886 


88  ins.  thick. 


Tons. 


97,984,967 


84  ins.  tliick.         85  int.  thick.         86  ins.  thick. 


Tbns. 


5,088,059 


Tons. 


18,896^87 


Tnia. 
8,810,119 


Thick. 

T^ 

81  ins. 

89  „ 
88 

8*  „ 

85  „ 

86  „ 

70,870,971 
18,799,886 
37,384,967 

&fiSSfii9 
18,836,087 

8,310,Ug 

Total  from  80  ins.  to  86  ins.  thick 

148,694,339 
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Qnanti^  of  coal' 

deducting  pro- 
portion likelr 
to  be  destroyed 
by  fiiults,  &C. 


Coal  nr  Bmua. 


88  ins. 
thick. 


40  ins. 
thick. 


Tons. 


Tons. 


37,005,745 


41  ins. 
thidc. 


4S  ins. 
thi^. 


Tons. 


Tons. 


776,086  . 8,297.529 


Total  from  86  ins.  to  43  iai.  thick  - 


Thick. 

Turn. 

88  ins. 

1.071,584 

40  „ 

87,005.745 

♦1  » 

776,086 

♦a  .> 

8.287,529 

47,090,944 

4S  ins. 
thick. 


45  ins. 
tUek. 


46  ins. 
thick. 


Tons. 


2,168,017 


Tons. 


196,454,593 


Ton«. 


29,060.000 . 


Thick. 

Tons. 

1 

48  ins. 

2,166,017 

i 

45  „ 

196,454.598 

48  .. 

29.060,000 

|lTotnlfrom42" 
to48''tluek 

}- 

237,708,610 

1 

54  ins.  thick.  ^ 

Total. 

Tons.  1 

Tods. 

1 

8,088,600  j 

1 

665,180,007 

1 

Thick.,  T 

54tns.8,03MOo| 

Totkl  from 

j  -  tmjM 

i 

i 

I 

J 

thick  - 

MM.T.B. 
'FOMtXMMt 

Horthnm 
bntaad. 


ScnuKY. 

Tons. 

From  12in8.  to  18  ins.  thick     -         -         -      ,  -         •  81^7,618 

M    18  izu.  to  24in8.   0         -            -            -            -  112,861,868 

„   24iiw.  to  SOina.  „      -          -         -         -         -  44,954^ 

„    80  ins.  to  86  ins.   „         -            -            -            -  148.624,339 

„    36  ins.  to  42  ins.    „      -           -          .         -         -  47,090,944 

„  42  ins.  to  48  ins.  -  -  -  -  227,702,610 
„    48  ins.  to  54  ins* 

3,038,500 

Total  tons  of  coal  to  be  worked  from  the  Xorthumber-'l 

land  Moantaiii  Limestone  Coalfield,  as  per  letuniB  >  665,160,007 
made  from  the  coUieriea     -         -         -         -  J 


Gknxsal  Summaky. 

Tons. 

Cumberland  Coalfield   405,203,792 

Northumberland  Coalfield  -  -  -         -  3,148,096,839 

Northumberland  MoDntaln  Idmestone  District        ...  66^180,007 


4,218,480,688 


In  the  above  statement  of  the  quantity  of  coal  yet  remaining  to  be  worked  in  the  ConntieB  of  Northumberland  and 
Comberlandy  in  no  instance  does  the  total  depth  to  any  of  the  seams  exceed  1,800  feet. 

Thos.  E.  Fobstbb, 
March  8, 1871. 


lS46t.  YoL.!.  D 
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No.  6. 


MS.EUJOT. 
DQTfam< 


23,  Gnat  George  Street, 

Westminster. 


Mt  Lobd  Duke, 

Hattno  been  requested,  as  a  member  of  the  Itoyal  Commission,  to  investigate  the  quantity  of 
aTailable  coal  in  the  county  of  Dnxhun,  I  have  the  honour  to  submit  to  your  Grace  the  result  c£  this 
SnTestigation,  together  with  the  necessary  explanations. 

The  whole  of  the  coal  in  the  county  of  Durham  is  situated  in  the  regular  coal  measures,  and  lies 
in  one  connected  coalfield  fomiing  the  south-eastern  portion  of  the  Newcastle  coalfield. 

Excepting  on  the  southern  boundary  this  district  is  but  little  disturbed  by  lai^  faults,  and  the 
inclination  of  the  seams  is  regular,  seldom  exceeding  1  in  12.  The  chief  physical  feature  therefore 
which  bears  on  this  investic;ation  is  the  character  <n  the  Permian  rocks  which  overlie  a  considerable 
area,  the  sinking  of  shafts  through  which  is  attended  with  considerable  difficulty  and  expense,  chiefly 
on  account  of  the  large  quantity  of  water  contained  in  the  Magneaian  Limestone. 

In  estimating  the  quantity  of  available  coal  under  the  sea  along  tlie  eastern  boundary,  a  distance  of 
only  34  miles  from  the  shore  lias  been  taken,  but  as  I  have  elsewhere  stated  (Inaugural  Address, 
Institnte  of  Mining  Engineers,  1868),  it  is  possible  that  a  much  wider  extent  will  ultimately  be 
worked  by  sinking  shafts  at  a  distance  &om  the  shore  in  the  sea,  especially  taking  into  consideration 
that  in  tlus  portion  of  the  coalfield  there  is  more  than  50  feet  of  coal  in  seams  over  12  inches  in 
thickness,  including  six  seams  of  excellent  coal  with  an  aggregate  thickness  of  30  feet.  This  would 
allow  of  a  further  distance,  of  say,  seven  nules  being  worked,  and  so  render  available  other 
1,600,000,000  tons. 

To  the  north  the  coal  seams  pass  into  the  county  of  Northumberland. 

Along  the  whole  boundary  to  the  tcest  the  coal  measures  crop  out  against  the  Mountfun  Limestcne 
series. 

To  the  south  the  boundary  line  is  not  so  clearly  defined,  and  the^presence  of  one  or  more  lawe 
faults  adds  to  tiiis  difiiculty.  The  coal  seams,  so  far  as  yet  proved,  however,  rise  rapidly  in  thi& 
direction  until  they  are  cut  oflF  by  the  overlying  Fermians. 

The  required  information  lias  been  obtained  in  the  first  instance  within  the  limits  of  each  colliery 
in  detailed  statements  which  accompany  this  report ;  these  again  have  been  formed  into  groups, 
which  have  agun  been  arranged  into  three  districts,  marked  on  the  accompanying  plan,  west,  south, 
and  east. 

In  estimating  the  gross  quantity  all  the  coal  seams  down  to  a  thickness  of  12  inches  have  been 
taken  into  account. 

Total  Quai^tity  of  Coac  available  after  deducting  portions  likely  to  be  sacrificed  by  Faults,  Barrier^  and 

Loss  in  working. 


District  on 

Depth  not 
exceeding 

Swr&oe  AcKh 

Tods  of  available  CmO. 

Land  coal 

Do.      -  - 

Do.  - 
Sea  coal 

Do.      -  - 

S. 
W. 
E. 

1 

2 

Feet, 

1,000 

1,000 

2,000 

3,000 

4,000 

233,600 
104,320 
65,000 
45,000 
90^000 

1,343,934,058 
1,579,636,629 
1,065,283,698 
734,509,005 
1,500,000,000 

6,223,363,390 

In  the  investigation  of  thb  very  important  district,  and  the  compilation  and  analysis  of  the 
voluminous  plans  and  papers  submitted  herewith,  I  have  had  the  advantage  of  the  very  able 
assistance  of  Mr.  J.  DagUsh  and  Mr.  J.  Marley,  mining  engineers  of  much  practical  experience  in 
the  county  of  Durham. 

I  am. 

To  His  Grace  My  Lord  Duke, 

The  Duke  of  Argyll,  Xour  Grace's  obedient  servant, 

&C.,  &&,  &C.  Gboboe  Eixiot. 


No.  7, 

23,  Great  George  Street, 

Mb.  Bluot.    ify  Lord  Duke,  Westminster. 
North  stftSaiU  I  HAVE  the  honmu:  to  submit  to  your  Grace  the  result  of  the  investigation  into  the  quantity 

of  avfulable  coal  in  North  Stafibrdshire,  which  was  entrusted  to  me  as  a  member  of  the  Royal 
-  Commission. 

This  coalfield  consists  of  one  large  and  several  small  outlying  districts. 

The  chief  phyncal  characteristics  which  bear  on  this  enquiry  are,  the  steep  incUoation  of  the 
fleams  in  some  ports;  the  great  tideknoBB  of  coal  (150  feet  divided  into  nnmenraB  seaau),  the 
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anticlinal  axis  roaning  through  the  diftoiot,  «nd  the  ^^eat  fanlt  which  throws  the  atrata  down  about 

1.200  feet. 

The  large  district,  in  extent  about  30,876  acres,  is  bounded  on  the  west  and  south  by  the  New 
Red  Sandstone  and  Permian  rocks,  and  on  the  east  bj  the  Red  Sandstone  and  Millstone  Grit 
Being  much  disturbed  hj  faults,  and  the  line  of  dip  varying  n^tly  in  different  parts,  it  has  been 
arranged  into  four  divisions  for  tiie  purpose  of  this  investigation,  as  shown  on  ue  accompanying 
plan. 

Beyond  the  recognised  limits  of  this  district,  it  is  probable,  however,  that  the  coal  seams  extend  to 
some  distance ;  but  as  any  estimate  of  the  quantities  of  available  coal  is  extremely  speculative,  it  is 
given  separately. 

The  estimated  quantity  of  coal  in  each  of  the  small  outlying  districts  is  also  given  separately. 


Kb.  Bluot. 

NnihStaifted- 
■fain. 


Total  Quantity  of  Coal  available  after  deducting  portions  likely  to  be  sacrificed  by  Faults,  Barriers,  and 

Loss  in  working. 


District 

Sorftce 
Aiea. 

'Sot  exceeding 
l,fiOl>  ft.  in  Depth. 

Between  1,600  ft 
sod  8,000  ft. 
in  Depth. 

Between  8,000  ft. 
and  6,000  ft. 
in  DeptL 

Between  6,000  ft. 
and  9,000  ft. 
inDepUu 

Total  at  all 
Depths. 

Acres. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1,  2,  3  and  4 

30,876 

1,325,980,007 

1,012,361,046 

564,928,888 

2,903,269,941 

Verges 

10,400 

354,330,240 

572,824,815 

791,933,744 

96,210,400 

1,815,299,199 

Cheadle 

11,616 

'  104,524,603 

104,524,603 

Wetley 

1,200 

'  3,062,400 

_ 

3,062,400 

Goldsitch  - 

90 

117,450 
' —  ■— — —  

117,450 

Total  - 

51,182 

1  1,788,014,700 

1 

1,585,185,861 

1,856,862,682 

96,210,400 

4,826^278,693 

In  the  report 
of  the  Conunis- 
Bton  the  figures 
were  taken  from 
a  MS.  table 
fomishedhy 
Mr.  EIHot. 
Down  to 
4,000  feet, 
8,835,486,105; 
below, 

1,000,785,488. 


The  information  in  relation  to  this  district,  which  I  have  summarized  above,  was  obtained  by  Mr. 
W.  Y.  Craig  and  the  late  Mr.  William  Cope,  mining  en^eers,  thoroughly  acquainted  with  the  peculiar 
features  of  the  North  Staffordshire  coalfield,  and  to  whose  valuable  assistance  I  am  much  indebted. 

I  am, 

To  His  Grace  My  Lord  Duk^ 

The  Duke  of  Argyll,  Your  Grace's  obedient  servant, 

&c.,  &rc.,  &».  George  Elliot. 


No.    8.  MB.H1STLIT. 

SOUTH  STAPFORDSHIRE,  EAST  WORCESTERSHIRE,  AND  SHROPSHIRE,  ""^SwIaS"*" 
To  His  Grace  the  Duke  of  Argyll,  Chairman  of  the  Royal  Coal  Commission. 

My  Lord  Duke,  February  9th,  1871. 

Having  been  requested,  as  a  member  of  the  Royal  Coal  Commission,  to  inquire  into  the  quantity 
of  coals  remaining  unwrought  in  the  South  Staffordshire,  East  Worcestershire,  and  Shropshire  coal 
districts,  I  hare  the  honour  to  submit  to  your  Gtrace  the  results  of  such  inqmry,  together  with  the 
following  observations  thereon. 

In  my  inlerim  report  of  the  3rd  of  March  1868  I  adverted  to  certain  circumstances  which 
encumbered  the  inquiry,  more  particularly  the  broken  condition  of  these  coalfields,  and  also  to  the 
IH'eat  body  of  water  by  which  a  very  considerable  portion  is  inundated,  especially  in  the  South 
Staffordshire  and  East  Worcestershire  portions. 

With  reference  to  the  first  of  these  conditions,  I  may  premise  that  the  early  workings  of  the  South 
Staffordshire  and  East  Worcestershire  coalfields  were  not  conducted  under  any  scientific  system  cf 
management,  nor  (owing  probably  to  the  great  thickness  and  value  of  the  prlncijuil  or  10-yard  seam) 
with  any  view  of  economy. 

The  absence  also  of  reliable  records  of  the  mining  operations  of  those  days  has  rendered  difficult  the 
acquisition  of  accurate  statistics  of  a  considerable  portion  of  this  area.  In  addition  to  this,  the  old 
mode  of  working,  consequent,  in  a  great  measure,  upon  the  subdivision  of  these  coalfields  into 
numerous  small  collieries,  caused  large  portions  of  the  coal  to  be  left  as  protective  barriers  between 
conterminous  ownerships. 

It  will  at  once  be  obvious,  under  these  circumstances,  that  the  portions  referred  to  could  only  be 
dealt  with  under  great  reserve  and  the  closest  scrutiny.  At  the  same  time,  I  trust  and  believe  that  the 
results  obtained  are  practically  approximate  to  truth. 

In  regard  to  the  second  condition,  the  mode  of  mining  operation  above  described  will  account  for 
the  laige  volumes  of  water  deluging  an  extensive  part  of  the  district,  and  until  drained  by  some 
Toluntary  and  unanimous  system,  or  upon  some  compulsory  principle,  this  present  dormant  portion 
vS  the  field  must  continue  unaviulable. 
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Us.  hamibt.      I  mugt  ijgre  observe  that  to  a  small  extent  only  do  the  resnlts  obtained  include  areas  outside  the 
Bonthst^rd-  boundaries  of  the  exposed  coalfields,  as  delineated  on  the  OoTemment  Geological  Survey.    (See  maps 
accompanying  thia  report) 

Important  experiments  are  however  being  made,  and  are  contemplated,  on  extensive  tracts  of  supposed 
mineral  property,  under  the  Permian^  in  more  than  one  part  of  the  district  The  probable  existence  of 
coals  under  these  properties  will  be  reported  upon  by  the  geolc^cal  section  of  the  CkHnmission. 

In  submitting  the  tabulated  results  appended  to  this  report,  I  have  substituted  a  modified  form  of 
schedule,  better  adapted,  in  my  opinion,  to  the  peculiar  nature  of  this  district  than  that  suggested  by 
the  Commission  for  general  adoption.  I  trust,  however,  that  the  real  object  of  the  Commission  in  this 
respect  is  efiectively  obtained. 

With  regard  to  the  classification  of  coals  of  various  qualities,  the  followinj^  letter  from  the  manager 
of  one  of  the  most  extensive  collieries  in  South  Stafibrdshire  may  be  considered  as  representing  uie 
general  condition  of  the  whole  of  this  district  on  this  point : — 

"  John  Hartley,  Esquire, 
"  Tong  Castle,  Shifnal. 

"  Dear  Sib,  Aug.  S4,  1870. 

"  Mr.  McLean  has  handed  to  me  your  letter  to  him  of  the  6th  of  July  last  It  would  not  be 
possible  to  make  out  a  cUssification  of  the  different  coals  in  this  district,  as  we  have  no  means  of 
ascertaining  those  proportions  with  anything  like  accuracy.  By  far  the  largest  proportion,  however, 
of  coal  from  this  district  is  house  coal.  There  is  only  a  very  small  quantity  of  gas  coal,  the  Heathen 
coal  bebg  the  only  gas  coal  in  the  Black  Country  coal  seams.  The  coals  from  our  own  colliery  at 
Cannock  Chase  are  nearly  all  bouse  coals,  but  we  nave  raised  a  small  proportion  of  gas  (cannel)  coal 
during  the  last  two  or  three  years. 

"  I  am,  dear  sir, 

"Yours  truly, 
"John  N.  Brown." 

This  view  is  also  further  supported  by  corresponding  conditions  in  the  Shropshlro  district 
The  quality  of  all  the  seams  represented  in  this  return  is  of  a  free-burning  nonbituminous 
character,  and  having  in  view  the  number  of  cubic  feet  of  gas  per  ton  that  such  coals  produce,  I  do  not 
deem  it  correct  to  return  any  portion  as  coming  under  the  denomination  of  either  gas  coal  or  peculiarly 
suitable  for  household  purposes. 

The  quantitieB  given  in  the  summary  of  results  below  are  based  on  the  calculation  of  some  measures 
becoming  a  resource  for  future  consumption,  under  the  pr^ure  of  a  dearth  in  consequence  of 
exhausted  supplies,  rather  than  as  a  source  for  immediate  use. 

Allowances  should  be  made  for  consumption  during  the  prc^ess  of  the  inquiry  and  I  may  also  call 
attention  to  the  groat  difference  between  the  ordinary  local  and  the  statutory  ton,  upon  inick  latter 
the  summary  is  computed. 

While  it  IS  my  duty  to  acknowledge  the  courtesy  and  promptitude  with  whic^  the  proprietors  of 
mineral  property  generally,  and  their  agenti^  have  afforded  to  myself  and  to  the  gentlemen  who  have 
assisted  me  (Mr.  F.  C.  Perry.  Mr.  H.  Smith,  Mr.  P.  Bennet|t,  and  Mr.  D.  Jones,  whose  ability  and 
energy  I  bereia  desire  to  recogniz^^  in  the  means  of  prosecuting  tiiis  inquii^,  I  should  also  state  that 
frequent  reluctance  to  grant  full  information  arose  from  a  strong  objection  to  publicity,  or  from 
apprehended  misuse  of  such  information.  This  has  generally  compelled  me  to  pledge  myself  that  the 
detuls  of  property  should  not  be  published  nor  transpire  ;  a  course  which  I  believe  is  justified  by  the 
opinion  that  in  very  many  instances  the  publicity  of  such  details  would  seriously  affect  private  interests. 
Acting  upon  that  view,  I  have  included  in  one  total  the  whole  of  the  unwrought  coals  in  the  three 
districts  referred  to  me.  This  total  is  represented,  however,  by  particular  details  of  about  seven 
hundred  separate  properties,  varying  from  a  few  acres  in  extent  upwards,  and  which,  with  maps  of 
every  parisl^in  which  coal  exists,  and  upon  which  such  properties  are  defined  and  schedulsd,  I  forward 
to  the  Secretary,  to  be  used  or  raerred  to  for  national  purposes  only,  and  not  to  be  printed  in  detail  in 
any  general  report 

Having  little  personal  knowledge  of  or  interest  in  the  Shropshire  coal  district,  I  deputed  the  duty 
of  investigating  that  portion  to  Mr.  Daniel  Jones,  whose  comprehensive  report  I  attach  to  this,  and  to 
which  it  does  not  appear  to  me  necessary  that  I  should  make  any  additions. 

I  also  transmit  vith  this  the  mapa  of  every  paridi  into  wbich  my  inquiry  has  extended,  and  to  which 
reference  can  be  made. 

I  have,  &&, 
John  Hartley. 

Tong  Castle,  Shithal, 
4th  February  1871. 

(Copy.) 

Kilsall  Hall,  ShifiuOl,  6th  July  1870. 

Dear  Sir, 

Ix  addition  to  the  various  details  already  submitted  to  you  by  periodical  reports  relative  to  the 
Royal  Coal  Commission  inquiries  in  the  county  of  Shropshire,  I  have  now  to  lay  before  you  a  summary 
of  results,  with  a  few  general  explanatory  remarks. 

The  total  area  of  exposed  coal  measures  dealt  vrith  is  about  80,490  acres.  Of  this,  a  small  part, 
belonging  to  the  Forest  of  Wyre  coalfield,  is  in  Staffordshire,  whilst  about  13,360  acres  of  the  same 
coalfield  are  in  Worcestershire.  Of  the  whole  80,490  acres,  not  less  than  62,790  acres  are  represen- 
tatives of  the  upper  coal  measures,  which  are  usually  considered  as  not  belonging  to  the  productive 
coalfields  ;  and  one  of  these  is  found  to  have  been  largely  denuded. 

Hie  older  coal  measure^  occupying  the  remainder  of  the  are%  have  in  certain  localities  suffered  la^Iy 
from  demotion,  so  that  in  such  areas  the  entire  series  does  not  occur  over  the  whole.  These  oraer- 
▼ations  tend  to  explain  the  small  return  of  workable  coal,  as  compared  with  the  area  dealt  with.  .  In 
the  Oawestiy  coalfield  only  is  the  estimated  area  of  Sub  Permian  coal  shown.  In  the  Coalbrookdale 
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district  the  eBtimates  are  taken  for  a  short  distance  heneath  the  Permian  to  an  imaginary  line  drawn  HlHibiist. 
between  certain  points  up  to  which  the  coal  has  been  proved.   It  is  discovered  that  alonff  much  of  the  saathStaflbrd< 
eastern  sido  of  the  Coalbrookdale  field  the  seams  are  cut  off  by  what  is  locally  termed  the    Symoa  "b>^ 
fault."   This  fault  is  due  to  a  jfroceaa  of  denudation,  and  is  conseouently  represented  by  an  extremdy 
irregular  line,  so  far  as  it  has  been  proved.    The  higher  coals  nave  been  denuded  to  the  greatest 
extent ;  the  lower,  in  succession,  stretching  out,  step  by  step,  considerably  beyond  them. 

Since  the  extreme  limit  of  the  lowest  of  these  coals  has  not  yet  been  proved,  it  becomes  necespary  to 
stop  the  estimate  at  the  imaginary  line  before  indicated.  It  yet  remains  to  be  ascertained  whether 
these  lower  coals  are  ultimately^  cut  off  by  denudation  all  along  the  Srmon  fault,"  and,  if  so,  how 
far  they  yet  range  before  becoming  subject  to  such  denudation,  or  whether  they  may  extend  (where 
out  of  Uie  influence  of  the    Symon  fault,")  beneath  the  Permian  and  New  Red  Sandstone. 

The  undefined  line  of  this  Symon  fault^  excepting  at  a  few  places,  makes  it  difficult  to  show  the 
quantity  of  Sub-Permian  coalunwrougbt;  and,  again,  the  area  of  Sub-Permian  coal  proved  is  bo  small 
toat  it  has  not  been  dealt  vrith  in  a  separate  form. 

The  memoir  which  I  some  time  since  submitted  to  you,  setting  forth  my  views  upon  the  co-relation  of 
Shropshire  with  the  South  Staffordshire  coal  measures,  has  oeen  forwarded  to  Professor  Ramsay, 
according  to  your  instructions,  as  it  applied  more  particularly  to  that  branch  of  the  inquiry  under- 
taken by  a  separate  section  of  the  Commission.  As  this  evidence  sprang  out  of  the  investigations  I 
was  making  by  your  directions,  I  consider  it  proper  to  advert  to  it  here. 

The  Sub-Permian  coal  to  the  east  of  the  Oswestry  coalfield  is  taken  up  to  an  approximate  line  of 
fault  proved  in  working  certain  sulphur  coals  in  the  Permian  at  Tfton. 

Many  of  the  pits  m  the  upper  coal  districts  are  worked  in  such  a  primitive  fashion  and  so 
unsystematically  that  a  large  portion  of  coal  becomes  unavailable.  The  proportion  of  coal  shown 
under  this  head  in  these  dirtricts  is  no  criterion  of  die  way  in  which  Uie  more  important  coal  districts 
are  worked. 

As  coal  becomes  scarcer,  and  these  younger  coalfields  are  brought  into  use  and  are  properly  worked, 
the  proportion  of  unavailable  coal  would  be  much  lessened.  The  returns  are  based  upon  the  present 
condition  of  things. 

It  is  difficult  to  classify  the  coals  referred  to  in  mr  table  of  results  in  such  a  manner  as  would  satisfy 
all.  Unless  the  Commission  could  have  defined  the  limits  of  each  quality,  based  upon  its  chemical 
analysis,  such  classification  could  only  be  assumed  in  accordance  with  the  local  interpretation  of  the 
titles,  gas  coal,  house  coal,  &c. ;  and  this  depends  entirely  upon  the  necessities  of  each  individual 
district,  and  how  they  can  be  satisfied.  Thus  I  find  that  the  sulphur  coals  are  largely  used  in  some 
localities  as  house  coals.  The  character  of  the  sweet  coals  (in  distinction  to  the  sulphur  coals)  is  that 
they  are  free  burning,  and  more  or  less  ashy;  and  none  of  the  Shropshire  seams  can  be  ranked  as  gas 
coals,  if  that  term  be  ruled  by  the  yield  of  gas  per  ton  of  coal,  as  compared  with  die  recognized 
bituminous  or  gas  ooal  districts.  Some  of  these  coals  are  nevertheless  used  to  a  slight  extent  for 
making  ^3.  ^  * 

I  should  mention  that  the  area  of  known  coal  measures  in  Shropshire  mar  be  verv  largely  increased 
if  the  borings  through  the  Permian,  now  being  conducted  near  Childs  Ercalf,  proved  to  w  successful. 

I  find  it  to  be  my  duty  to  report  to  you  that  the  introductory  letter  issued  by  you  in  the  name  of 
the  Commission  has  secured  for  me,  in  most  cases,  every  reasonable  and  proper  means  of  obtaining 
the  results  which  I  now  communicate.  Having  in  view  the  national  importance  of  the  inquiry,  the 
proprietors  have  laid  bare  much  information  which  1  have  every  reason  to  believe  would  not  otherwiM 
have  been  forthcoming;  but  generally  I  have  been  called  upon  to  assure  such  informants  that  Uieir 
eommunications  will  not  be  exposed  in  detail. 

I  am,  &c 

To  John  Hartley,  Esq.,  Daniel  Jov£es  F.G.S. 

Tong  Castle, 
Shropshire. 


SUMMARY  OP  RESULTS 

BELA.TINO  TO 

South  SrAFVOBDflHXBB,  East  Wobobstebsbikb,  and  Shbopshirb  Coalfixxas,  accompanying  written  Report 

dated  4th  February  1871. 


Total  Acreage. 


136,368 


Total  number  of  Tons 
estimated  as  remaimog 
nnworked,  not  exceeding 
000  yarcU  in  depth. 


2,266,668,310 


Ifamtter  of  Tons  tuufiul- 

able  tlmnigh  Infierior 
quality,  waste  in  working, 
or  d^troyed  by  &alta  or 
other  causes. 


360,548,542 


Number  of  Toni  arailuble 
for  eonsDmpdan. 


1,906,119,768 


No  eeam  less  than  12  ins.  thick  has  been  noticed,  nor  is  any  seam  below  000  yards  known  to  exist  In  the 
district  inclnded  in  this  return. 

JOHK  HaSTLET, 

4th  Feb.  1871. 

Wolvethamptou,  Tong  Castle,  ShifnaL 

4th  Febmary  1871. 
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No.  9. 

hb.  vood-  Asfabj-de-la-Zouche, 
"2^-  Coal  CommiauoD.  30th  March  1871. 

OoSdd    Mt  Lobd  DukEj 

I  have  the  honor  to  submit  to  your  Grace  the  result  of  my  investigation  into  the  coalfields  of 
Yorkshire,  Derbyshire,  and  Nottinghamshire  (which  I  call  the  Midland  coalfielcQ,  and  Leicestershire 
and  Warwiclshire. 

I  have  appended  observations  which  I  also  take  the  liberty  of  submitting  to  yx>ur  Grace. 

I  have,  &C. 

To  His  Grace  Johk  Thos.  Woodhouse. 

The  Duke  of  ArgyU.  K.T.,  P.C. 


MsHORAHDUK  referring  to  Summary  of  Results  of  the  Investigation  of  the  Miplahd,  Iaksstxhskibe, 

ajai  Wabwickshibe  Coalfields. 


lOth  March  1871. 

The  calculation  of  the  quantities  of  coal  is  made 
in  accordance  with  the  rule  submitted  to  the  Com- 
missioners,  and  includes  every  seam  of  12  inches  in 
thickness  and  upwards. 

The  tonnage  estimates  are  made  on  the  assumption 
that  each  culiic  foot  of  coal  weighs  80  lbs.,  which 
equals  within  a  small  fraction  a  yield  of  1,556  tons 
per  foot  thick  per  statute  acre. 

The  net  tonnage  available  for  consumption  is  ar- 
rived at  by  mskiug  deductions  for  coat  which  cannot 
be  worked,  by  reason  of  its  being  left  for  boundary 
pillars,  for  support  of  shafts  and  machinery,  for  sup- 
port of  houses,  buildings,  mills,  ironworks,  &c.,  as  the 
case  may  be,  and  for  faults  and  broken  ground,  aud 
from  what  remains,  waste  in  working,  which  com- 
prises coal  left  out  of  the  total  thickness  of  the  bed 
for  the  support  of  the  roof  (in  many  cases  six  to  nine 
inches  tiiick),  coal  cnt  away  in  hewing,  coal  broken 
or  wasted  in  separating  the  different  qualities,  and  in 
breakage  over  screens,  coal  supplied  to  the  workmen, 
engine  fnel,  pit  bank  fires,  and  other  uses  for  which 
chai^  cannot  be  made  to  the  consumers,  leaving  that 
portion  of  the  coal  only  which  can  be  utilised  in  the 
market  as  the  basis  of  the  calculation.  The  total 
quantity  of  35,026,225,48!)  tons  is,  after  these  deduc- 
tions are  made,  reduced  to  19,702,251,891  tons,  as 
being  the  total  quantity  which  can  be  utiliwd  in  the 
Midland,  Leicestershire,  and  Warwickshire  coalfields, 
so  far  as  it  is  proved  to  exist  outside  and  under  the 
Permian,  and  that  not  proved  under  the  Permian  is 
an  additional  quantity. 

N.B. — A  portion  of  the  Leicestershire  field  lies  in 
the  southern  district  of  Derbyshire,  but  in  tiiis  calcu- 
lation is  taken  as  being  all  Leicestershire. 

With  these  figures  before  the  Commission,  I  will 
briefly  slate  the  names  and  describe  the  qualities  of 
the  seams  in  the  different  districts. 

Taking  the  Midland  coalfield,  which  comprises 
SonUi  IToikBhire,  Derbyshire,  and  Nottinghamshire  ; 
these  seams  are  partly  bituminous,  and  partly  of 
**f^  burning**  or  "steam  coal"  quality.  AM  the 
coal  is  more  or  less  suitable  for  house  fire,  depending 
much  upon  the  different  localiUes  uid  markets ;  for 
instance,  in  the  eastern  part  of  the  country,  formerly 
supplied  by  canals  only,  the  hard  or  steam  coal  came 


into  use  for  house  purposes,  and  was  stocked  or 
accumulated  at  the  wharves  during  the  summer,  and 
being  of  a  very  strong  cohesive  quality,  bore  this 
operation  very  well,  and  large  stocks  were  thus  ac- 
cumulated by  the  merchants  for  the  winter  sales. 
The  limit  to  the  consumption  of  this  sort  of  coal  in 
the  eastern  counties  was  when  thc^  came  into  com- 
petition with  the  seaborne  coal  at  the  ports. 

The  opening  of  railways  has  caused  a  change  in  the 
character  of  the  trade  in  this  particular.  It  is  no 
longer  necessary  to  accumulate  large  quantities  of 
coal  for  winter  eonsnmption,  as  very  Utile  impediment 
is  found  on  railways  from  frost,  therefore  we  may 
take  practically  the  consumption  to  assimilate  very 
much  to  the  different  qualities  distinguished  in  the 
table  as  house  fire,  steam,  or  gas  coal.  It  woiUd  be 
quite  possible  to  write  at  great  length  on  going  into 
the  details  of  this  subject,  but  as  ultimately  it  would 
be  found  to  be  notliing  more  than  what  is  set  forth 
in  the  table,  it  is  scarcely  desirable  to  do  so. 

The  fields  of  Leicestershire  and  Warwii^hire 
present  much  the  same  features,  exeepting  that  there 
is  litUe  or  no  bituminous  coal.  Cannel  coal  is  some- 
times found,  but  in  rare  instances,  and  generally  in  the 
diape  of  a  faituminoqs  bat  or  shale,  which  is  of  an 
ioferiw  quality,  or  if  found  of  good  quality,  lies  im- 
bedded in  some  seam  or  otiier,  and  is  found  to  be  very 
intermittent  and  thin,  so  mudi  so  that  it  has  not  been 
thought  desirable  to  notice  it  in  the  tabular  results. 

At  the  present  moment  the  writer  is  not  aware  of 
any  Cannel  being  worked  in  the  counties  of  Leicester 
and  Warwick. 

The  writer  is  desirous  of  recoi*ding  the  great 
attention  and  kindness  he  has  received,  with  hardly 
an  exception,  from  the  coal  proprietors,  lessees,  and 
managers  of  collieries  throughout  the  whole  district, 
all  of  whom  have  very  much  assisted  the  investigation. 

The  following  gentlemen  have  been  professionally 
engaged  in  the  different  districts,  and  tibie  writer  has 
every  reason  to  be  satisfied  widi  die  accuracy  of 
their  sunxys,  aided  their  practibal  experience^ — 
Mr.  Thomas  WUltam  Jeffcock,  of  Sheffield  ;  Hr.  John 
E.  Mammatt,  of  Bamsley  ;  Mr.  Greorge  Fowler,  of 
Nottingham ;  Mr.  Arnold  Lopton,  of  Leeds. 

JoHH  Thos.  Woodhousk, 
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No.  10. 

REPORT  on  the  Quanttties  of  Coal,  wbouoht  and  unwbouoht,  in  the  Coalfields  of 


Um.  Pumnox 


SoMERSETSHiaE  and  part  of  Gloucestebshihe,  by  Joseph  Pbestwich,  F.R.S.,  F.G.S.  BomMsWiiw. 
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§  1.  Mode  of  (conducting  the  iNauiftv. 

I  HAVE  the  honour  to  lay  before  the  Royal  Coal  Commission  the  report  on  the  Bristol  coalfield, 
which,  as  one  of  the  members  of  that  Commission,  I  was  requested  to  undertake.  The  work  has 
occupied  more  time  and  involved  a  greater  cost  than  I  calculated  upon,  inasmuch  as  preliminary 
estimates  were  asked  for  before  the  district  had  been  visited  and  the  extent  of  the  work  to  be  done 
exactly  ascertiUDed,  and  which,  therefore*  could  necessarily  be  only  louefaly  approximate.  For  this 
and  other  reasons  these  proved  insufficient  both  with  regard  to  time  and  cost.  A  carefully  prepared 
table  had  been  drawn  up  for  the  Commisiiion,  in  which  the  details  of  each  colliery  or  set  of  collieries 
could  be  inserted  in  several  columns,  giving  the  quantities  of  coal,  wrought  and  unwrought,  while  the 
like  quantities  were  to  be  estimated  with  respect  to  each  coal  seam  in  the  unwrought  part  of  the 
coalfield. 

The  points  to  be  determined  as  specified  in  this  tabular  form  (see  Appendix  H.),  were ; — 

For  Qtumtitieg  wrought. 

1st.  The  name  and  thickness  of  each  seam  of  coal,  with  mention  of  associated  mineral  beds. 
2nd.  Thickness  aS  the  strata  between  the  seams  of  coal,  and  the  greatest  depth  reached  in  each  woricing. 
3rd.  Portion  of  the  cool .  not  workable  orj  lost  in  working,  and  yield  of  the  seam,  exclasive  of  these 
dednctions. 

4th.  Extent  in  acres  of  each  seam  already  wrought,  divided  into  depths  of  not  ex<»eding  500  yards,  and 
between  000  and  1,000  yards. 

For  Quantities  unvirouffht. 
1.  In  Farts  of  the  (hayield  not  overlaid  by  newer  FamuUions, 

5Ui.  Acreage  of  each  seam  remsining  unwrought,  dividing  the  quantities  aoc(»ding  to  lones  of  depth :— > 

a.  Not  exceeding  500  yards ; 

b.  Between  500  and  1,000  yards 
e.      „      1,000  „  2,000  „ 

d.  „     2,000  „  3,000  „ 

e.  Exceeding  3,000  yaids ; 

In  these  estimates  the  portions  of  the  coalfield  where  the  succession  of  strata  is  known  was  to  be  separated 
from  that  where  the  succession    strata  is  only  {nxibable. 

2.  In  Parts     the  Coalfield  overlaid  by  newer  Strata, 
6th.  Similar  returns  as  in  Ko.  6. 

7th.  Probable  produce  of  coal  in  tons  per  acre  in  all  the  unproved  areas,  vlth  the  propcfftion  likdy  to  be  lost 
by  &nhs,  loBB  in  working^  &c. 

8th.  Quantity  c£  coal  m  tons,  exclasive  of  loss  in  each  coal  seam  r^iened  to  hi  Nos.  S  and  ^  uid  divided  into 
Bones  of  depth,  as  in  No.  6,  with  totals  at  all  depths. 

*  After  the  Issue  of  the  orij^nal  tabnlar  ibnns,it  vas  ooandered  bettw  to  adopt  a  liinit  of  4,000  tet   Owing  to  abeeaee  abraad, 
was  not  avars  of  tlus  alteneon  an^  all  the  ealeolations  rdstlog  to  this  eoslfleld  had  twen  made  ^on  the  ori^^iial  ba^  and  th 
Bmct  written.  Ao  addititmal  eobmm  has,  hoirerer,  hem  added  to      Geneial  Sommides  in  Araendlx  H,  giving  the  ipsntifift 
winnndiatd^di,  and  additiuDalparsgrsjihB  an  given  in  the  eondiision  (p,  18.)  to  indwle  dw  nswis  under  Ob  hed. 
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Mb.  FBBnwicK.     In  accordance  with  instructionB,  I  had  bhmk  copifts  of  this  form,  accompanied  by  circular  D  asking 
BontnatiUitt,  ^01*  information,  sent  to  the  several  collieries,  but,  with  one  exception,  partially  executed,  no  returns 
were  made  to  this  application.  It  therefore  became  necessarjr  to  send  to  each  colliery,  and  to  obtain,  on 
the  spot,  all  the  details  necessary  to  fill  up  the  requisite  particulars. 

Hiis  took  much  time  and  labour.  It  had  also  been  arranged  that  each  coal  seam  should  be  mapped 
on  copies  of  the  ordnance  map  supplied  for  that  purpose  ;  but  this,  in  practice,  was  found  to  be  on  too 
small  a  scale  to  record  all  the  worki^s  and  to  give  accurate  results.  I  therefore  had  copies  of 
Mr.  W.  Sanders's  excellent  map  of  the  Bristol  coalfield,  which  is  on  a  scale  of  four  inches  to  the  mile^ 
procured,  and  used  for  planning  the  coal  workings  in  each  coltiery.  Instead,  however,  of  taking  one 
map  for  each  seam,  it  was  found  more  economical  and  convenient  to  lay  down  on  each  sheet  where  coal 
baa  been  worked  striped  surfaces  of  different  colours,  showing  the  extent  of  coal  wrought  in  as  many 
aeams,  on  each  map,  as  could  be  given  without  confusion.  These  coloured  surfaces  indicate  at  the 
several  collieries  the  quantity  wrou^t  of  each  seam  of  coaL  This  quantity  (in  acres)  is  deducted 
from  the  total  acreage  of  the  seam  in  tiiat  parish^  and  the  remainder  is  carried  to  the  other  column,  ic 
which  tiie  quantity  of  coal  unwrought  of  the  same  seam  is  given.  See  **  Ketum&"  Appendix  H. 
There  is  no  column  in  ihe  "Returns'*  for  the  quantities  in  tons  of  each  particular  seam  of  coal 
unwrought  This  is  given  in  Table  II.,  p.  IS,  where  the  total  of  each  seam  at  the  several  collieries 
where  it  has  been  worked  has  been  calculated.  I  have  added  also  a  rough  division  into  parishes,  in 
order  to  compare  with  the  parish  "returns"  for  the  coal  unwrou^t  (see  Table  III.,  p.  14.) 

In  calculating  these  quantities,  allowance  is  made  for  loss  by  faults,  waste  in  working,  of  from 
one  tenth  to  one  third  of  the  total. 

Tliere  are  cases,  however,  when,  from  the  workings  having  been  long  abandoned,  or  where  insufficient 
plans  have  been  kept,  or  where  the  coal  dips  so  rapidly  that  the  area  on  the  surface  is  no  guide  to  the 
actual  area  measurra  on  the  planes  of  dip,  the  quantities  of  coal  wrought  cannot  be  ascertained  by  the 
meads  adopted  elsewhere.  In  such  cases  the  quantities  wrought  have  been  roughly  estimated  in  the 
old  works,  whilst  in  the  newer  works  the  actual  amount  of  out-put,  or  the  extent  to  which  the  coal  has 
.been  worked  along  measured  planes  of  dip,  have  served  as  data  for  approximate  calculation.  In  these 
cases,  as  the  acreage  of  the  seams  could  not  be  specified,  the  total  quantities  wrought  in  all  the  col- 
lieries of  the  parish  is  given  at  once  in  tone.   This  relates  to  all  the  parishes  of  the  Nettiebridge  Valley. 

With  regard  to  the  quantities  of  coal  unwrought,  it  was  not  found  practicable  to  give  wim 
sufficient  'accuracy  the  returns  for  each  seam,  because;  Istiy,  none  of  the  seams  can  be  traced  over 
the  whole  coalfield  ;  Sndly,  every  seam  varies  in  thickness  within  short  distances  ;  and,  Srdly,  it  is 
not  possible  in  the  different  districts  of  the  coalfield  to  establi^  a  satisfactory  correlation  of  the  seams 
of  coal  existing  in  each.  The  plan,  therefore,  that  has  been  adopted  has  been  to  divide  the  coalfield 
into  the  smaller  parish  *  areas,  in  which  the  amount  of  variation  is  reduced  to  smaller  and  more 
manageable  limits.  Where  seams  were  worked  it  was  easy  to  calculate  the  acreage  of  quantities, 
wrought  and  unwrought,  in  the  several  parishes,  but  where  the  seams  were  not  worked  it  became  more 
difficult.  In  adjacent  or  immediately  intermediate  parishes,  the  seams  could  still  be  taken  separately, 
and  at  near  their  value  ;  but  where  no  works  existed,  or  where  coal  had  not  been  proved  for  a  distance, 
and  especially  where  the  distance  was  such  that  the  coals  could  no  longer  be  correlated,  then  some 
otiier  mode  of  determining  the  quantity  unwrought  in  the  parish  became  necessary. 

For  this  object,  in  cases  where  some  coals  were  not  worked  in  the  parish,  seams  lying  near  together, 
and  having  tnerefore  their  outcrop  In  near  proximity,  were  taken  in  groups  of  from  three  to  seven, — 
their  total  thickness  at  the  nearest  spot  vmere  worked  ascertained, — and  this  quantity  added  to  the 
thickness  of  the  worked  seams  (if  there  were  any  such  in  the  parish),  gave  the  total  thickness  of  aU 
the  cofd  in  that  parish.  Where  no  coals  had  been  proved  in  the  district,  the  mean  was  taken  (in  the 
number  or  in  the  thickness  of  the  seam)  between  the  nearest  districts  on  either  side  where  the 
measures  had  been  proved  and  were  known.  This  plan  of  taking  grou^  of  seams  had  the  advantage 
of  giving  averages,  which,  in  consequence  of  the  great  variation  in  the  mdividual  seams,  giv^  I  thhuE, 
more  correct  results  than  could  be  obtained  by  the  measurement  of  the  seams  separately.  But  in 
order  more  effectually  to  determine  the  positions  and  relations  of  the  coal  measures  in  the  parishes 
where  the  coal  is  not  proved  (of  which  there  are  many),  and  to  determine  the  quantity  of  coal  in 
districts  where  the  seams  are  vertical,  or  nearly  so,  it  was  found  desirable  to  have  sections  (based  on 
tiie  known  outcrops  and  on  the  shaft  sections)  run  across  the  coalfield  in  eereral  directions  on  a  true 
scale  of  height  and  distance.  These  give  the  dip  and  position  of  the  coal  measures  throughout  the 
coalfield  and  the  number  and  relation  of  the  coal  seams. 

These  sections  also  render  it  easy  to  estimate  the  quantity  of  coi^  in  those  seams  which  lie  at  a 
great  angle  to  the  surface.  In  the  parishes  where  this  occurs,  as  in  all  those  of  the  Kettlebridge 
Valley,  where  the  superficial  -acre^e  cannot  be  taken,  the  seams  are  measured  on  the  sections  along 
the  line  of  dip,  while  on  the  line  ofstrike  the  surface  lengths  suffice,  and  the  measurements  are  at  once 
calculated  out  in  tons. 

Having,  with  this  latter  exception,  ascertained  the  acreage  and  the  total  thickness  of  all  the  work- 
able seams  (omitting  in  the  additions  those  too  bad  or  too  thin  to  work)  in  each  parish,  they  are 
reduced  to  tons,  on  me  estimate  that  each  foot  in  thickness  of  coal  is  equal  to  from  1,100  to  1,600  tons, 
according  to  the  weight  of  coal  and  freedom  of  the  seam  from  shale  or  stone.  From  this  quantily  a 
deduction  is  made,  according  to  what  is  known  in  like  ground,  of  from  one  tentb  to'one  third  for  faults 
and  waste  in  working.  The  remainder,  after  deducting  the  quantities  wrought,  gives  tiie  quantities  of 
coal  unwrought  in  all  the  parishes  of  the  coalfield.  I  believe  this  to  be  a  closer  estimate  than  could  be 
made  by  taking  the  area  of  each  seam  separately  in  a  coalfield  where  the  seams  are  so  exceedingly 
variable.  As  the  coal  measures  consist  of  a  well-defined  upper  and  lower  series,  we  have,  as  far  as 
possible,  in  the  "  Returns,'*  kept  these  separate. 

The  sections  which  have  been  run,  both  from  N.  to  S.  and  from  £.  to  W.,  besides  shoving  the 
probable  poution  of  the  coal  seams  in  the  several  parishes,  supply  the  means      detennimng  with 


*  TTiese  were  laid  down  by  Mr.  Anarie  on  Mr.  Saoden's  map,  after  boundaries  takeo  from  iwrisli  and  other  local  maps.  All  tbe 
nperficial  measorementB  were  made  on  "t/lr.  Sanders's  map  (thoo^  the  parishes  are  given  in  the  smaller  ordaauee  mw)  tpy  a  dlTinoB 
of  the  area  into  sqnares  of  a  determinate  slie. 
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tolerable  accuracy  the  quantities  of  coal  existing  at  depths  not  exceeding  500  yards,  firom  500  to  1,000  Ji^Ta^vxurmm. 
jaxds,  and  for  each  succeeding  1,000  yards.    In  parishes  where  coal  is  not  voiced,  tile  prolongation  <tf  SMnmeuura. 
the  strata  br  means  of  sections  afibrded,  in  hct,  ihs  only  mode  of  determining  approximately  th« 
position  and  depth  of  the  coal  seams. 

For  the  purposes  of  these  inquiries  I  engaged  the  services  of  a  yoxms  engineer,  Mr.  John  Ansti^  C.E., 
who  provea  himself  thoroughly  competent  to  the  work,  and  has  carried  out  my  instnidioDB  to  my  entire 
satisiaction. 

Having  occasion  to  correlate  geologically  some  of  the  coal  seams  in  different  parts  of  the  coalfield 
where  much  obscurity  existed,  f  found  it  desirable  to  call  in  also  the  aid  of  Professor  Morris  for  a 
few  days  to  assist  for  that  object,  in  an  examination  of  the  organic  remains  of  those  beds.  In  the 
Radstock  coalfield  Mr.  McMurbde  has  supplied  the  section  £,  serving  to  establish  the  position  and 
range  of  the  coals  of  the  upper  series  of  the  Radstock  coal  basin,  with  which  that  gentleman  is  so  well 
acquainted,  llie  ^und  bailifis  at  the  several  collieries  were  also  often  of  much  assistance  in 
supplying  Mr.  Anstie  with  local  information  ;  and  I  have  to  acknowledge  the  liberality  and  kindness 
with  which  information  was  given,  both  to  myself  by  the  fewer  number  I  met  on  my  occasional  visits, 
and  by  all  to  Mr.  Anstie  during  his  prolonged  inquiry,  of  the  owners  and  proprietors  of  the  different 
collieries.  Amongst  these  gentlemen  I  would  mention  Bmry  Bennetty  Esq.y  Bedminster  Collieries ; 
HimM  Omhamy  Esq,,  Hill  House,  Mangotsfield,  proprietor  of  Parkfield  CollieTy ;  George  J^learc,  Esq., 
Camerton  Collieries;  G.  C  Greentoell,  Esq.,  (late  of  Radstock,)  manager  of  Lord  Vernon's  ColHeries, 
Stockport;  H,  ffaoitt,  Esq.,  Coal  I^t  Heaui  Collieries;  Okas,  HoUtoeu,  Esq^  Midsomer  Norton;  the 
late  W»  Wait,  Esq^  Woodoarrow  House,  Radstock;  (t«otv«  Leonard,  Esq.,  Easton  Colliery,  Bristol ; 
James  3fcMm-trie,  Esq.,  Manager  of  the  Countess  of  Waldegrave's  Collieries,  Radstock ;  Jos.  Oxley, 
Esq.,  Frome ,  Witu  Riekardson,  Esq.,  C.E.,  Bristol  and  South  Wales  Union  Railway ;  —  Steeds,  Esq., 
Norton  Down,  Somerset;  —  White,  Esq.,  Nailsea  ColUeries;  John  Whittuck,  Esq.,  collieiy  proprietor, 
Kingswood  ;  Messrs.  James  Brain  and  Co.,  Bitton  Collieries ;  Messrs.  Brice,  Edford  Colliery ;  Henry 
Brown,  Twerton  Colliery,  Bath ;  J.  Cook,  manager  of  Grayfield  and  Bishops  Sutton  dollieries ; 
—  PlmoMr,  New  Rock  Colliery ;  Netilebridge  Coal  Company  ;  The  Ifew^rv  Coal  Company  ;  Th» 
Timsbnry  Goal  Company,  Somerset;  The  Vobster  Coal  Company;  and  the  WrUMiaglcn  Com  Compasa/, 
Radstock ;  also  Ikbt  Etheridge,  Esq.,  F.M,8^.,  Geologicaf  Surrey ;  Chas.  Moore,  E»q.y  F.GS.,  Bath ; 
and  Wm.  Sanders,  Esq.,  F.B.8.,  of  Bristol. 

Owing  to  previous  engagements,  Mr.  Anstie  was  not  able  to  enter  upon  the  work  of  the  Commission 
until  June  1867.  In  accordance  with  my  instructions,  he  then  proceeded  to  the  difierent  collieries,  to 
collect  e^dence  on  the  spot^  to  run  the  necessary  lines  of  sections,  and  to  lay  down  tiie  outcrops 
of  the  different  coal  seams  as  far  as  possibly  could  be^done.  I  also  visited  the  district  firom  time  to  time^ 
to  decide  on  what  was  essential,  ana  to  determine  on  the  mode  of  inquiry.  All  the  details,  many  of 
which  involve  a  lawe  amount  of  care  and  labour,  have  been  collected  by  Mr.  Anstie,  and  will  forta, 
as  bid  down  on  Mr.  Sanders's  map  and  in  the  returns,"  a  valuable  record  of  the  worldngs  and 
capabilities  of  the  Somersetshire  coalfields. 

Information  upon  which  the  calculations  for  the  returns  have  been  based  has  been  obtained  trom 
83  collieries,  involving  the  details  of  working  of  65  seams  of  coaL*  Some  of  these  collieries  are 
working  now,  but  others  are  closed.  In  many  of  these  cases  the  information  has  been  very  meagre. 
In  some  of  the  old  pits  the  information  could  only  be  derived  from  traditional  sources,  in  the  absence 
of  any  of  a  documentary  nature.  In  three  cases  only,  involving  workings  of  no  great  importance, 
was  information  not  fortncoming. 

These  are  the  data  on  whiob  the  "returns"  are  based;  but  as  the  details  of  working  were  often 
confidential  communication^  the  mapped  plans  will  not  be  published^  but  merely  the  results,  comlnning 
all  the  workings  in  each  parish.  These,  which  are  all  that  are  required  for  the  purpose  of  tiiis  inquiry, 
are  recorded  in  the  "  returns  "  in  the  tabular  forms  (Appendix  H.) 

.  The  sections  give  the  position,  depth,  and  relation  of  all  the  coal  seams  as  nearly  as  possible. 
Sections  A.  to  C.  are  on  a  true  scale  of  depth  and  distance  of  six  inches  to  the  mile,t  and  the  smaller 
sections,  1  to  5,  are  on  a  scale  of  12  inches  to  the  mile.  The  pit  sections,  of  which  ^ere  are  25  special 
and  two  general,  are  on  a  scale  tii  40  feet  to  the  inch  vertical.ttt  The  geological  map  is  based  on  that 
of  the  wolo^cal  Survey  and  the  larger  one  of  Mr.  Sanders,  which  has  served,  with  Mr.  Anstie's  own 
observations,  to  correct  some  of  the  stratigraphical  boundtuy  lines  in  the  coalfield.  Mr.  Anstie  has 
also  extended  the  outcrops  of  some  of  the  seams  of  coaL  As  this  coalfield  is  largely  covered  up  by 
newer  strata,  another  map  is  ^ven,  in  which  the  overlying  strata  are  supposed  to  be  removed.lf 

Much  information  useful  m  this  inquiry  has  been  obtained  from  vanoos  works,  and  papers  on  tiie 
Bath  and  Bristol  coalfield,  and  on  the  general  question,  by  Phillips  and  Conybeare,§  Dr.  Buckland,! 
Mr.  Cossham,^  Mr.  Greenwell,**  Mr.  McMurtrie,tt  Mr.  Etheridge,^  Mr.  Brice,§§  Mr.  Hull,!! 
Mr.  R.  Hun^tT  and  Mr.  W.  W.  Smyth,***  whilst  some  of  the  evidence  given  before  Committee  D. 
has  an  inqxirtant  bearing  upon  the  further  extension  of  the  coalfield  in  we  more  southern  portions 
vi  ScHnersetshire. 


*  A  few  of  tbeee  miglit  be  correlated,  which  wonld  lesMO  the  apparrat  number. 

t  The  dqitlu  of  the  several  groups  were,  however,  obtwied  mnn  lar^r  sections  of  IS  inches  fo  the  nilc^  orighuDj'  iuid«  by 
Mr.  Anstie,  bnt  which  proving  too  large  he  keeps,  and  places  the  cost  to  bis  own  account 

^  In  drawing  i^  this  map  I  have  to  aeknowledgs  the  kind  assistaiioe  of  Hr.  B.  Etiieridg^  of  the  Gecdog^oal  Sorv^,  in  placing 
a  BunilaT  map  ofbis  own  at  our  disposal 

§  Geolc^  of  England  and  Wales,  18S2,  p,  4S6. 

II  Trans.  Oeol,  Soc,  2nd  ser.,  voL  1,  p.  210. 

<r  On  OB  Northern  end  of  ^Bristol  Coalfield.  Bristol,  1861. 

**  Notes  on  the  Coalfield  of  Bait  Somvset.  North  of  Bs^andlnstitBle  of  IfinugEngineflrs,  S,I85S. 
"  On  the  Badstoek  portion  of  the  Samenetshire  Coalfield.  1864. 

On  the  I^ysical  structure  of  the  Nwttieni  partof  the  Kjiitol  Coa)3eld. 
The  Coalfield  of  North  Somersetdiire.   London,  1867, 
The  Coalfields  of  Great  Britain.  j861. 
ICnoal  Statistics  of  Great  Aitaio^  poblished  yearlj     the  Gedogical  Survey  of  Great  Britain. 
Coal  and  Coal  Minii^.  1869. 

ttt  These  were  the  origuud  scales  on  wUch  they  were  drawn  and  on  ndiieh  the  qoantitjr  oalcalationB  were  based ;  they  am 
nduoed  in  die  piste  to  the  smaller  scale  adopted  b;  the  Geolo^cal  Surver. 
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36  QUANTITtES  OF  COAL  IN  KNOWN  COALFIELDS. 

§  2.  Extent  of  the  Coalfield. 

The  smaller  coal  districts  of  Bristol,  Radstock,  Kingswood,  Coalpit  Heath,  jzc,  are  parts  of  one 
larger  coalfield,  which  extends  from  the  north  side  of  the  Mendip  Hills  to  Gromhall,  near  Wickwar, 
a  distaDce  of  26  miles.  Its  width  from  Ashton  near  Bristol  to  Twerton  near  Bath  is  12  miles; 
norUiward  it  gradually  narrows  to  a  width  of  one  mile  at  Cromhall.   This  coal&eld  is  remarkable  from 

the  circumstance  of  so  large  a  portion  of  it  being  covered  by  the  New  Red  Sandstoncj  Liasj  and  Oolites, 
under  whit^  it  is  worked  to  a  considerable  extent.   It  may  be  divided  into  thrue  portions. 

Amin  Aeies. 

A.  Portion  of  exposed  coal  measures  -  -  -  S0,S80 

B.  Purdon  of  coal  measures  covered  by  and  worked  under  the  newer 

formations         _         _         -  _  _  -  24^111 

C.  Portion  of  coal  measures  covered  by  ^e  newer  formations  and 

not  yet  worked  -  -  ...  98,089 

Making  the  total  extent  of  the  coal  measure      -        -  152,780 

The  area  covered  by  newer  formations  is  therefore  four  fifths  of  the  whole.  In  the  Nettlebridgn 
Valley,  and  probablv  in  the  neighbourhood  of  Bristol,  the  coalfield  has  been  worked  for  throe  or  four 
centuries,  and  as  the  early  pits  have  been  long  since  abandoned,  and  no  records  were  kept,  it  is 
difficult,  in  the  districts  where  the  coal  is  near  the  surface,  and  the  works  small  and  numerous,  to 
ascertun  the  exact  quantity  that  has  been  extracted.  In  these  cases  a  rough  estimate  has  had  to  be 
made.   The  quantity  involved  is  however  not  important 

The  Somersetshire  Coal  Measures  consist  of  two  productive  coal  aeries,  divided  by  a  great  mass  of 
nearly  unproductive  sandstone  called  the  Pennant  The  upper  series  is  again  locally  divided  into 
two  groups ;  an  upper  one,  constituting  the  coalfield  of  Radstock  and  Camerton  ;  and  d.,  a  lower 
one,  constituting  the  coal  district  of  Famngton,  Farkfield,  and  Coalpit  Heath.  I'he  lower  series,  or 
that  beneath  the  Pennant,  is  also  commonly  divided  into  two  groups,  the  upper  one  worked  at  ^i^gs- 
wood,  Newbury,  &c.,  and  the  lower  one  worked  around  Bristol  and  at  Vobster  and  Twerton.  llie 
lower  series  has  been  also  worked  at  Nailsea,  Yate,  and  CromhalL  The  total  niunber  of  coal  seams 
in  the  first  or  upper  series  is  about  16,  in  the  Pennant  2  to  8,  and  in  the  lower  series  there  are  about 
S6  seams  in  the  centeal  area,  decreasing  to  seven  in  the  ncoiJiern  area.  These  coal  seams  are  inter- 
stratified  with  tiie  usual  beds  of  shales  and  sandstones,  constituting  a  body  of  coal  measures  flrom 
6,000  to  7,000  feet  thick.  The  mean  thickness  of  the  different  series,  together  with  that  of  the 
coal  seams,  are  given  in  descending  order  in  the  following  table  No.  1.  Some  particulars  of  the 
strata  between  the  coal  seams  will  be  found  in  the  shaft  sections,  sheets  1  to  5,  and  in  the  details  of 
the  pits  in  Appendix  A.  Mr.  Greenwell  has  estimated  the  proportion  of  coal  to  shale  and  rock  at 
1*5  per  cent  For  fuUer  particulars  of  the  qualities  and  characters  of  the  different  coals,  see 
Appendix  B. 

Table  No.  1. 
List  of  the  Ssahb  of  Coal. 

UpPSB  SXBIBB. 


Nameof  OoaL 


Quality. 


lliieknesi  of 
die  Coal  Scams. 


Thicknen  of  the  Coal 
Ueaiana. 


a.  Hadstock  Grotip. 

Withy  MiUa  seam 
Great  seam 

Top  Uttle  seam  and  Tom 

seam. 
Middle  seam 

SlyviDg  seam      .      -  . 
Streak  aeam 
Little  Slyving  seam 
Bull  seam      -  - 

b,  FarrmgdoH  Group, 
Soli^nr  seam 

Catiieadseam    .      .  - 

Top  seam         -        -  - 
Peacock  seam         -  . 
Middle  seam      -      -  - 
Two  coal      -         _  - 
Chardi  dose  seam  • 
Seventeen-inch  seam 


Inferior,  not  worked 

Grood,  bitmninous,  hard ;  leaves  a 

brown  ash. 
Generally  inferior,  variable 

Good  in  places,  in  others  tender 

and  Bt«iy. 
Good,  bitnminoos 
G^ood,  local  only  ... 
Hard  and  good  ... 
Good,  bat  irregular 


Unworkable  -  -  . 
Contains  large  stones  or  "  cats," 

for  lime  bnmiiig. 
Good,  bituminous 
Generally  inferior,  variable 
A  fair  bousehold  coal 
Not  worked* 
Fur,  but  small  - 
Middlii^ 


Ft  in. 

0  10 
2  2 

1  10 


1  0 
3  10 


26  10 


Group  a.  attains  a  thick" 
ness  of  about  1,000  feet, 
and  is  sepu*ated  by  a 
mass  of  red  shale,  about 
150  feet  thick,  from 
group  b.t  which  averages 
750  feet  thick.  Total 
1,900  feet 


*  At  the  ^nriagtoo  pit,  S  inches.  At  Old  Mills  pit,  one  mile  ^tant,  this  seam  is  18  inches  dii^  and  vrooj^t  M  «  good  coal. 
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The  second  or  lower  patr  of  the  upper  series  is  worked  also  in  the  Gloucestershire  portion  of  too  u'a.  fcest^ich. 
coalfield  at  Parkfield  ana  Coalpit  Heath,  where  the  seams  are  as  under.  '  gimf^Ii^^^h  rc. 


Upper  Sebies. 


District. 

Kame  of  CobL 

Thiolcnen  of 
theCoai 
Seanu. 

Tliickoess  of  the  Coal 

Faricfleld 

Aag  Coal  seam 
Haid  seam  - 
SUnkiDg  seam 
Top  Beam 
HoUybush  seam 
Great  seam  - 

Infei-ior,  not  worked  - 

Good  and  bitnminons  - 

Unworkable 

Good  and  bituninous  - 

Good 

Good 

Ft.  in. 
1  6 
1  10 

1  0 

2  4 

3  0 
2  10 

This  division  is  here 
about  1,100  ft.  thick, 
inclusive,  probably, 
of  the  red  shales  or 
their  equivalents. 

12  6 

Although  the  names  are  di^ent,  it  is  probable  that  these  seams  correspond  in  whole  or  in  part 
wi&  seams  worked  at  Farrington  md  Old  Mills.  Thus,  according  to  Mr.  Anstte, — 


Farrmgtm  and  Old  Mills 


ParhfieU^ 


r 


3. 


Cathead  seam  may  correspond  with  Rag  seam 
Top  seam  »         „         Hard  seam' 

Peacock  seam       „         „  Top  seamt 

Middle  s6atn  ,)  Hollybush  seam^ 

.Two  coal§  „         „  Great  searn^ 


Under  the  Radfltock  and  Farrington  series  is  the  Petmanjt  sandstone,  a  great  mass  of  bard  grey 
sandstone  and  grit  from  2,000  to  2,500  feet  thick,  separating  tiie  upper  and  ttadstock  from  the  lower 
or  Kingswood  and  Bristol  series  of  coals.  This  sandstone  contains  a  few  subordinate  beds  of  coal 
only  occasionally  worked.  One  of  the  most  important  of  the  Pennant  rock  beds  occurs  in  the  Nailsea 
district,  where  a  seam  known  as  Grace's  seam,  three  ieet  thick,  was  ionnerly  worked. 

In  the  Nettlebridge  district  four  seams  (one  of  which  is  of  some  importance)  have  been  occasionally 
worked  in  this  rock.  Further  noith  other  four  seams  are  known  in  the  Pennant,  via.,  the  Cock,  the 
Hen,  the  Chick,  and  Stinking  seams.  The  coal  of  these  seams  is  mostly  small,  and  is  not  often  worth 
working.  One  reason,  however,  of  their  not  bein^  more  worked  is  the  baardness  of  the  rock,  and  the 
presence  of  water,  which  renders  the  working  of  thin  seams  unprofitable. 

The  following  are  tiie  particulars  of  the  seams  in  the  Pennant  rock.  It  is  uncertain  whether  any 
corr^aticm  exists  between  the  seams  of  the  different  districts,  or  whether  the  seams  are  only  local. 

FEmrANT  Rock. 


Datriet 


Kame  of  Coal. 


Qnality. 


ThickaeiBor 
the  Coal 
Seanu. 


ThickDeu  of  the  Coal 
Heamres. 


Nailsea 
Nettlebridge 

Bristol 


Rock  seam 
Ghrace*8  seam 
Lookham  seam 
Gents'  conne  - 
North  course  - 
TGlobe  or  New  seam 
Fig  seam 


Frankham  seam 
Millgrit  seam 
Rag  seam 
Devil's  seam  - 


Kingswood  or  Northern 


Co(^  seam 
Hen  seam 
Chick  seam 
Stinking  seam 


No  particulars. 

No  particulars. 

Nc  particulars. 

First  rate  household  coal 

Usually  too  thin  to  be 

worked. 

Ditto  ditto. 
A  smith's  and  steam  coal 
Small  and  irregular 
Uncertain,  scHnetimes 

good. 

Small  J  none  worirad  J 
at  present 


Ft.  in. 


8 


0 
10 


3  ft.  to  6  ft. 
lft.to4rt. 
2fLio4ft. 


1 


For  the  position  of 
these  beds  in  the 
Pennant,!  xse  section 
sheets  1  to  5.  This 
rock  has  been  tra- 
versed to  the  depth 
of  800  feet,  and  hes 
probably  a  mean 
thickness  of  not  less 
than  2,000  feet 


*  Top  Mam  of  Coalpit  Heath. 

\  lloUybtuh  seam  of  Coalpit  Heath. 

X  High  team  of  Coalpit  Heath. 

%  There  are  three  teams  beneath  this  io  this  distriet  irhich  are  vanting  at  RiAfleld,  but  may  ccrreipood  irith  the  two  Man- 
gotafield  teams. 

U  Bocfclaol  and  Col^beare  meidlon  another  seam,  the  Batttebone  seam,  two  ftet  thick,  in  Uie  middle  of  the  Pennant.  Id  tiw 
AnUington  timnel  a  ftir  seam  of  coal  was  found  in  the  centra  of  the  VennanL  A&oUht  may  be  nen  in  the  same  rock  in  the 
Kayaiham  cottinR. 

^  TUs  is  nswfiy  included  in  the  lower  series. 
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The  third  or  kmer  series  of  the  coidfield  contains  Uie  largest  number  of  coal  seams,  and  is  the 
most  extennvely  worked.  As  each  district  presents,  however,  considerable  variations  in  the  coal 
aeanUt  in  coiueqiience  of  the  thinning  out  of  some  and  the  setting  in  of  other  seams,  and  as  tiie  coals 
are  constantlT  known  under  difierent  names  in  tiKfiiBrent  districts,  it  is  necessary  to  enumerate  the 
seams  in  each  of  the  principal  districts  separately.  This  unaWdably  lengthens  tiie  list  of  seamsi 
which  are  given  as  far  as  possible  in  descending  order. 


Lower  Skrzbs,  bblow  thk  TzxnxAsn. 


Dktriet 


Name  of  Coal. 


Quali^. 


Thickneu  of 
the  Coal 
Soniu. 


Thieknen  of  the  Coal 
Heamnt. 


Neitlebridge  YaUey  - 


Bitlon 


Kingswood  and  Bitton 


Bristol  and  Eingswood 


Group  a. — Upper  beds 
VMtrked  or  proved 
on  the  northern  aide 
of  the  vaUey. 

Small  Coal  seam 
Two  Coal  seams 
Wark^  Coal  seam  - 
Garden  Course  seam 
Strap  Coal  seam 
Great  Course  seam  - 
Firestone  seam 
Little  Cottrse  seam  - 
Dungjdrift  seam 
Hard  Coal  seam 

Grot^b. — Lower  beds 
of  theaouthem  side 
of  the  valley. 

Perkins's  seam 
Branch  seam  - 
Golden  Candlestick 

seam. 
North  Shoots  seam  - 
Cat  seam 

South  Shoots  seam  - 
Biband  seam  - 
Stuiding  seam 
Blue  Pot  seam 
Fern  Bag  seam 
Stone  Bag  seam 
Main  Coal  or  Callows 

seam. 
Perwink  seam 

White  Axen  seam  - 
Bed  Axra  seam 


Buff  seam 
Parrot  seam  - 

Little  or  Brimstone 

seam. 
RGxen  seam  - 
StibVs  first  seam  - 

Stibb's  second  seam  - 
Stibb'fl  third  seam  - 
Stibb's  fourth  seam  - 
Stibb's  fifth  seam  - 
Hard  Vein  seam 
Qneen  Bower  seam  - 
Doxall  seam 
Upper  Five  Coals  w 

Bock  seam. 
Primrose  seam 
Old  Toad  seam 
Trow    or  Through 

seam. 
Bed  Ash  seam 
Hole  or  Hard  seam  - 
Five  Coal  seam 
Thurfer  seam 
Kingswood  Great 

seam. 


Ft.  in. 


Good  - 

Good  and  bituminous  - 
Inferior 

Gk>od  hoosehold  coal  - 


1 

6 

1 

10 

3 

0 

3 

6 

1 

8 

4 

0 

2 

6 

2 

0 

2 

6 

2 

6 

Good,  bnt  vuiaUe 
SmaU  - 
Good 

Ko  particulars. 

Poor ;  no  particnlars. 

No  particulars. 

No  particulars. 

Free  hnming  and  brittle 

Gwd  - 

Good  smith's  coal 

Good  coking  coal 

Good  smith's  coal 

Good  coking  and  iron 

smelting  coal. 
A  smith's  coal  - 
Household  coal  - 


Good  smith's  coal 
Often  very  good  as  a 

smith's  eosl. 
Bad  ... 

Bad 

Coking  coal 
Smitira  coal 
Chiefly  small  and  rabble 
Bnt  littie  wrought 
Good  and  bituminous 
Bubbly 
Good  for  household  use 
Ditto  ditto 


Good  and  bitaminons 
GhK>d 

Indifierent 
Good 


A  good  Utaminons 


2  ft.  to  £  ft. 
6  0 
6  0 

8  6 

4  0 
2  6 


61  8 

Ift-toSft. 
1  ft.  to 
1ft.  9  in. 
1  0 


IfLtoTft. 

1  10 

2  0 


The  thickness  of  the 
lower  series  of  the 
coal  measures  in 
this  district  may  be 
from  8,000  to  3,500 

•  feet,  but  firinn  their 
Tcrtieal  pontion 
and  disturbed  con- 
dition tiiis  measure- 
ment is  somewhat 
nncertain. 


1  4 

1  2 
4ft.to5ft. 

2  8 
4  6 


The  lower  series  of 
the  coal  measures 
has  an  average 
thickness  of  about 
2,000  feet  in  the 
neighboorhood  of 
Bristol,  and  of 
about  2,700  feet  in 
the  Kingswood 
district. 
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District. 

Name  (tf  Coal. 

Qoali^. 

Thicknevof 
the  Coal 
Seams. 

TkkkneM  of  thfl  Coal 
MaMoraa. 

Bristol  and  £ing8wood 

Giller'a  Inn  seam 
Little  Toad  or  Tiro 

feet  Beam. 
Farker'B  Top  seam  - 
Parker  B  Middle  seam 
Parker's  Little  seam 
Ashton  Top  Beam  - 
Aahton  Great  seam  - 
Ashton  Little  seam  - 

Small,  often  good 
Ditto  ditto 
Ditto  ditto 

Gas,  steam,  and  iron  ooal 
Ditto  ditto 

Sulphnreoas 

ft.  in. 
1  6 

1  9 

3ft.to6ft. 

2  6 
Ift-toSft. 

S  6 

iato4a 

2  0 

66  6 

It  would  thus  appear  that  the  total  thickness  of  all  the  coal  beds*  in  the  central  area  where  they 


are  most  full  derefoped  is  as  under: — 

Number  of  Total  tfaickneM 

Seams.  of  CoaL 

St  in. 

Upper  series                        -          -          -   16  S6  10 

Pennant  sandstone             -            -            -     4  ?  6  0 

Lower  series         -           -            •         -  26  66  6 


46  98  4 


Only  the  lower  part  (group  h,)  of  the  upper  series  extends  into  Gloucestershire.  The  seams  of  the 
lower  series  decrease  in  number  and  importance  both  southward  at  Kailsea,  where  they  are  reduced 
to  13,  aiid  nortiiward  to  Yate  and  Gromhall,  where  only  seven  seams  existf  Besides  the  seams 
enumerated  above^  tiiere  are  often  small  local  seams,  generally  of  little  importance,  though  occa- 
nonally  worked. 

There  is  some  obscurity  even  in  the  correlation  of  the  seams  to  the  north  of  Bristol  with  those  on 
the  souUi,  although  there  is  every  reason  to  believe  that  the  Ashton  series  lies  at  the  base  of  all  and 
the  £^ton  beds  above  them  ;  but  between  the  seams  of  the  Nettlebridge  Valley  and  those  of  the 
Bristol  and  Kingswood  districts  ihe  difficulties  are  much  greater.  No  individual  seam  has  been  recog- 
nised by  its  special  diaracters  as  commou  to  tiie  three  districts.**  Still  there  is  little  doubt  that  the 
24  or  25  seams  of  the  Ne^ebridge  Valley  ccnrelate  ^nerally  with  the  nearly  like  number  of  seams  of 
Kingswood,  although  the  quality  of  the  coals  is  so  different.  Even  in  so  short  a  distance  as  the  north 
and  south  of  the  anticlinal  at  Kingswood,  the  correlation  of  the  coal  seams  has  not  always  been 
recognised.   (See  Appendix  C.) 

The  Bristol,  the  Kingswood,  and  the  Nettlebrid^  Valley  districts  present,  in  the  number  and 
distribution  of  the  seams,  a  general  agreement  which  is  more  readily  apparent  in  the  connected  strata- 
graphical  than  in  the  separate  shaft  sections.  In  passing  to  distant  parts  of  the  coalfield,  where  the 
H>wer  series  again  crop  out,  and  are  worked,  as  on  the  east  of  the  basm  near  Bath,  and  on  me  n<nth  at 
Yate  and  Cromhall,  it  is  hardly  possible  to  correlate  the  coal  seams  mth  those  on  the  western  and 
soutfaera  outcrop.  On  the  nortoeru  and  north-eastern  outcrop  the  coal  seams  are  reduced  in  number 
to  eight  or  ten,  and  wbeUier  they  are  new  seams  or  extensions  of  some  of  the  central  area  seams  has 
not  at  present  been  determined.  We  hare  assumed  the  latter  as  the  more  likely.  At  Twerton,  near 
Bath,  the  fossils  lead  me  to  correlate  the  seams  with  those  of  the  lower  part  of  the  lower  series  at 
Kinffswood,  Bedminster,  and  then  again  with  those  at  Nailsea. 

The  quality  of  the  coals  of  the  Somersetshire  and  Gloucestershire  coalfield  is  not  such  as  to  conmete 
for  household  purposes  with  die  Newcastle  coal  in  other  markets,  owing  to  its  leaving  an  ash  in 
burning ;  many  or  the  seams  are  odiOTwise  of  a  good  and  useful  de8cription»|  whilst  oUiers  are 
extremely  well  adapted  for  steam  and  locomotiTe  purposes,  for  gas  making,  and  some  are  especially 
valuable  as  smith's  coal  and  for  iron  smelling.  With  the  excepti<m  <j£  th«r  use  for  the  latter  purpose, 
which  even  now  leads  them  to  be  sent  as  far  as  Reading  and  Birmingham,  they  are  not  likely,  for  the 
present  at  all  events,  to  be  much  sought  after  for  a  distant  supply.  The  coals  are  s^arated  by  beds 
of  argillaceous  shale,  and  almost  all  uie  seams  have  the  usual  underlie  of  fireclay. 

In  die  Nettlebridge  Valley,  where  the  seams  are  often  reversed,  the  fireclay  forms  tiie  roo^  to  the 
great  disadvantage  of  the  miner. 

In  the  Pennant^  there  is  generally  a  sandstone  roof  and  floor. 

§  3.  MiKERAL  Beds  associated  with  the  Coal. 

There  are  conqiaratiTely  few  ironstone  beds  assodated  with  the  coal  seams  in  this  coalfield,  diough 
some  of  them  are  not  unimportant   Large  masses  of  argillaceous  carbonate  of  iron  are,  however,  not 


*  Mr.  QreenveD,  in  vTttbg  of  OieBadBtock  and  Nettlebridge  diatriol8,e6iiii^^  duttimeanSS  aeamaof  ooal,  vittSlft.  4iii. 
of  coal.   And  Mr.  Hull  gives  61  aeanu  vith  7 1  ft.  of  ooaL 
f  The  seams  are  also  lewmtmerona  in  the  tower  aoriai  where  they  ontcrop  near  Badi.  They  faaT«  not,  howerer,  been  fnity 

prored  in  that  district 

X  In  q>eaking  of  coal  as  excellent  foe  hooBflliold  pnrpMes,  tidi  mtut  be  undentood  as  lelativ:^  to  the  diflbrent  eoals  of  fltia 
particular  coalfield. 

**Iliaveiw<lonbt  diat  a  conplate  gedogieal  hivqatlgatiMi  would  estabHsh  ib»  cerrelation  of  a  latgp  nmnber  of  tiw  ooal  teams 
over  the  whole  area. 
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MM.  p««incH.  uncommon  in  some  of  the  shales  of  the  lower  series  around  Bristol,  and  they  are  worked  in  conjunction 
—  with  other  oies  from  Devonshire.  Clay  ironstones  are  worked  also  in  the  Kin^ood  collieries,  and  one 
nit  the  Hopewell,  is  open  exclusively  for  the  extraction  of  these  ores,  including  a  seam  of  blackband 
coll  Wine  near  to  the  Cillers  Inn  coal  seam.  These  cUy  ironstones  have  also  been  worked  to  a  smaU 
P-toQt  at  the  western  end  of  the  Nettlebrige  Valley,  near  the  pid  Moorwood  colliery.^  The  iTonstonea 
of  the  lower  coal  series  are,  in  f&ct,  in  quite  sufficient  quantity  to  form  an  element  in  account  in  the 
future  working  of  the  deeper  seated  coals.  _  ,     r      .1.      ,        .  , 

Fireclay  is  worked  for  brickmakmg  at  Kmgswood,  Easton,  Melb,  and  a  few  other  places,  but  there 
is  none  equal  in  quality  to  the  Staffordshire  cUy.  ,        .    ,         .  .       .  , 

More  important  iron  ores  have  been  fouod  ui  the  Pennant  sandstone  in  the  northern  portion  of  the 
coalfield  at  Iron  Acton  and  Frampton  Cottrell,  where  they  have  been  worked  for  many  ages.*  The 
ore  is  a  brown  hematite,  which  occurs  in  veins  and  faults  traversing  the  rock  m  a  more  or  less  per- 
pendicular course.  It  is  a  rich  and  valuable  ore,  and  has  been  extensively  worked,  but  the  works  have 
to  contend  with  large  quantities  of  water. 

§  4.  Faults  and  Distubbancics  affectxxg  the  Coal, 

The  coalfield  is  divided  into  two  parts  by  the  great  anticlinal  line  which  runs  east  and  west  through 
Kinffswood  where  it  brings  up  the  coals  of  the  lower  series  to  the  surface,  and  throws  off  the  Pennant 
on  its  flanks.  The  anticlinal  itself  is  traversed  longitudinally  by  a  number  of  faults,  mostly  of 
uncertain  value,  and  by  which  the  coal  measures  are  much  disturbed,  and  the  workings  interfered 

The  other  great  east  and  west  disturbance  is  the  one  which  throws  up  the  coal  along  the  northern 
flank  of  the  Mendip  Hills  ;  a  disturbance  consequent  on  the  elevation  of  the  old  red  sandstone  and 
carboniferous  limestone  forming  that  range  of  bills.  Along  this  line  of  disturbance  the  coal  measures  are 
tilted  up  vertically,  and  have  in  many  cases  a  reverse  dip,  so  that  the  coal  seams  can  often  be  worked  to 
the  depth  of  200  to  300  feet  perpendicularly,  the  shaft  following  the  course  of  the  seam.  The  coal, 
especifily  when  the  dip  is  reversed,  is  generally  much  broken,  and  in  many  cases  is  so  shattered  and 
mnted  up  with  the  other,  the  shale  and  sandstone  beds,  that  it  cannot  be  worked.  In  connexion 
with  this  last  disturbance  is  the  remarkable  slide  fault  which  has  thrust  almost  horizontally  the  upper 
portion  of  the  Radstock  series  over  the  lower  half,  back  from  the  directloa  of  the  Mendips  northward, 
for  a  distance  from  130  to  220  feet    (See  section  A.  and  Appendix  E.) 

As  we  recede  from  these  centres  of  disturbance  faults  are  less  numerous.  In  the  northern  portion  of 
the  coalfield  there  are  but  few.  A  great  longitudinal  fault,  or  rather  four  faults  of  from  60  to  100  feet 
oach,  throwing  up  the  coal  measures  to  the  west,  commence  at  Cromhall,  and  traverse  this  Coalpit  Heath 

district  from  north  to  south.  ,    ^  .  .      1  . 

In  the  neighbourhood  of  Bristol  and  Nailsea  the  faults  are  not  numerous,  though  there  are  a  few 
mportant  ones.  The  Radstock  district  is  traversed  in  various  directions  by  a  considerable  number  of 
faults,  the  more  important  of  whicii  are  from  20  to  250  feet  in  extent,  while  the  groat  Clandown  fault 
runs  through  it  from  north  to  south,  and  throws  up  the  coal  measnres  600  feet  to  the  east 

Most  of  the  faults  were  produced  before  the  deposition  of  the  new  red  sandstone,  but  there  is  a  set 
which  were  formed  at  a  later  period,  one  remarkable  instance  of  which  is  the  Willsbridge  fault,  running 
east  and  west,  and  which,  in  the  railway  cutting  near  that  village,  brings  up  the  Pennant  against  the 
Lias  and  Red  Marl.  The  faults  noticed  by  the  Geological  Survey  are  in  white  lines,  whilst  those  added 
by  Mr.  Anstie  are  laid  down  in  rod  lines.  Where  they  pass  under  the  newer  formations  without  affecting 
them,  they  are  laid  down  in  broken  red  lines.  An  enumeration  of  some  of  the  princip^  faults  is  given 
by  Mr.  Anstie  in  Appendix  £.  Tbxar  magnitude  is  indicated  in  the  sections,  and  their  direction  will 
be  seen  in  the  maps  A.  and  B.  In  Mr.  Greenwell's  paper,  before  referred  to,  wUl  be  found  a  description 
of  those  affecting  the  Radstock  district 

A  feature  noticed  in  the  faults  of  this  coalfield  is  the  crumpling  up  of  the  strata,  whereby  the  beds 
of  coal  are  often  so  squeezed  up  as  to  become  for  a  short  distance  two  or  three  times  their  ordinary 
thickness.* 

§  5.  On  thk  Cokmtions  under  which  the  Coal  is  now  worked. 

In  considering  the  store  of  coal  available  for  the  future,  the  conditions  under  which  the  coal  has 
been  heretofore  worked,  and  the  influence  of  those  conditions  on  future  supplies,  have  to  be  taken  iati 

account. 

Istly.  The  irregularity  in  the  thickness  and  character  of  the  coal  seams, 
2ndly.  The  minimum  thickness  at  which  the  coals  are  worked. 
Srdly.  The  waste  in  working. 
4thly.  The  interference  by  water, 
fftbly.  The  interference  by  gases, 

ethly.  The  depth  to  which  it  has  to  the  present  time  been  found  practicable  to  work  the  coal. 

Istly.  The  thickness  of  the  several  coal  seams  is  best  maintained  in  the  upper  series.  This, 
However,  may  be  partly  owing  to  the  more  limited  extent  of  that  series,  still  the  local  variation  in 
some  of  the  seams  is  not  inconsiderable.  The  Slyving  coal  of  the  Radstock  basin  forms  one  seam  at 
Welton  Hill,  whilst  at  Breysdown,  tiiree  miles  to  the  easl^  it  is  in  two  seams,  sqwrated  by  30  feet 
of  shale. 

In  the  lower  division  of  this  series  we  find  the  six  coal  seams  of  Farrin^n  in  Somerset  still 
rqjiesented  by  tie  five  seams  of  Parkfield  and  Coal  Pit  Heath  in  Gloacestenhire^  vith  a  total  thick- 

*  A  deKription  of  this  ore  iBg^venby  Ur.  B.  Etlieridgi  in  )u0  account  of  the  north  end  of  the  ooalfidd.  Op.  at. 

I  To  form  same  idea  of  the  ainonnt  denndatim  irfaich  thli  dlitiiot  hu  nndergtuN^  as  mU  as  showing  the  probability  of  th* 
cod  nwasnres  settine  in  on  tb«  sou'A  of  the  Mendips,  I  voold  x«ftt  to  PnC  Biamft  IntmidBg  section  Mniss  Ae  Mendip  Hills,  ia 
the  Irt  Vol.  of  the  Memoirs  of  the  Geologioal  Surrey,  p.  897, 
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Hess  of  IS  feet  in  the  one  case,  and  of  1^^  feet  in  the  latter.    The  rariability  of  the  coals  in  the  lower  hb.  txoiwkx. 

series  in  the  beds  under  the  Pennant  is  much  greater.    Seams  three  or  four  feet  thick  in  one  colliery  someneubire. 

thin  out  to  one  foot  or  to  nothing  at  adjacent  works,  whilst  others  neglected  at  the  one  jut  are  profitably' 

worked  at  another.   The  Five  and  Thurfer  coals,  which  are  seven  feet  thick  at  Siston,  are  only  two 

and  a  half  feet  thick  at  Speedwell  Pit,  Eingswood,  two  and  a  half  miles  distant   The  Fire  Stone  seam,' 

which  is  two  and  a  half  feet  thick  in  the  centre  of  the  Nettlebridge  Valley,  is  not  known  at  its  upper 

end.   Even  in  the  same  colliery  the  coal  seams  show  extreme  irregularity,  swelling  out  to  as  much  ai 

eight  or  nine  feet  and  diminishing  a^ain  to  one  or  two  feet.*    (See  Appendix  B.)    This  renders  the 

correlation  of  the  various  seams  in  different  districts  so  difficulty  and  care  has  to  be  taken  that  Hie 

seams  aie  not  too  much  multiplied,  becanse  tiiey  cannot  always  be  correlated  -with  those  of  adjacent 

districts. 

A  common  feature  in  some  parts  of  the  Bristol  coalfield  is  the  replacement  of  t^e  seams  of  coal  by 
a  seam  of  shale  or  stone,  and  ttie  passage  of  one  into  the  other.  The  Middle  seam  at  Paulton  and 
Camerton  is  so  stony  that  it  cannot  be  worked,  whilst  it  forms  an  excellent  coal  at  Radstock,  two 
miles  south. 

The  Cats*  head  coal  at  Farrington  pit  contains  so  much  sandstone  (lumps  called  Cats'  heads)  l^t 
the  coal  is  spoilt 

Sometimes  a  coal  good  in  one  district  becomes  too  sulphureous  in  another  to  be  worked. 
In  speaking  of  cofus  good  in  one  place  and  bad  in  another,  the  converse  has  to  be  considered,  that 
coals  bad  here  may  be  good  there. 

2.  Seams  which  in  me  north  of  England  would  be  considered  too  thin  to  be  worked  are  profitably 
wrought  in  the  Bristol  coalfield,  and  that  not  only  in  shallow  pits  but  at  considerable  depths.  It  is 
fortunately  customary  in  manv  of  the  collieries  to  introduce  a  clause  in  the  leases  rendering  it 
obligatory  to  work  the  thin  cofUs.  Mr.  Anstie  informs  me,  that  At  the  Writhlington  collieries  near 
**  Radstock  the  '  Little  Slyving '  seam  oftentimes  does  not  exceed  eight  inches  to  ten  inches  for  a 
"  certain  Stance.  This  would  not  be  worked  if  the  seam  were  continuously  of  such  small  size,  thd 
"  ordinary' thickness  being  14  ioches  in  the  neighbourhood  of  RatUtock.  l*requenUy,  however,  tliis 
'*  seam  doubles  or  even  triples  itself,  with  partings  of  half  an  inch  or  one  inch. 

"  With  a  thickness  averaging  one  foot  a  seam  is  considered  workable  in  the  Radstock  district ;  this 
"  is  tile  limit  to  which  the  lessees  of  minerals  ore  generally  obliged  to  work.  In  the  above-mentioned 
<*  case  at  Writhlington  the  quality  of  the  coal  is  superior,  a  hard,  good,  household  coaL 

'*The  most  remarkable  case  of  workings  on  a  seam  continually  thin  occurs  at  the  '  Fry's  Bottom* 
"  colUery  near  CSutton  (Somerset).  In  this  case  the  Radstock  'Great'  seam,  usually  two  feet  thick 
"  or  more,  divides  into  two  bands,  which  lie  about  six  fathoms  apart   The  top  l>and  is  10  inches 

thick,  has  a  very  hard  floor,  is  of  good  quality  and  free-burning,  but  very  tender  and  difficult  to 
"  obt^n  in  large  masses.   The  six  fathoms  below  are  chiefly,  rock.   The  lower  band  is  nine  inches 

thick,  with  three  inches  or  four  inches  of  a  dirty  lime  coal  under  it   This  band  is  very  inferior,  and 
**  will  hardly  sell  as  household  coaL 

In  the  workings  on  these  seams,  14  inches  height  from  floor  to  roof  is  considered  sufficient  for  a 

man  to  work  in  ;  the  ground  is  often  bad,  and  the  '  heads '  not  more  than  three  feet  or  four  feet  in 

width.   The  roads  have  to  be  msJntained  by  a  good  expenditure  of  powder  in  blasting  the  roof. 

"To  the  deepest  point  of  these  working^s  the  depth  is  about  £00  fathoms,  the  shaft  hwag  80  fathoms, 
"  and  the  remamder  made  up  by  two  inctines. 

"  Mudb  of  this  coal  is  sent  11  miles  to  Bath,  and  delivercMl  at  a  profit 

"In  the  Tate  collieries  (Gloucestershire),  a  seam  called  the  *  Little'  seam  is  worked  in  one  of  the 
pits.   I'he  average  of  this  seam  is  10  inches.    It  is  a  good  red-ash  household  coal  and  has  been 

**  wrought  over  a  very  considerable  area." 
The  G-olden  Valley  pit  at  Bitton  presents  also  a  remarkable  case  of  a  seam  only  one  and  a  half  feet 

thick,  being  worked  at  a  depth  of  1,920  feet  (see  p.  11). 

3.  Considerable  economy  also  is  practised  at  the  best  collieries  in  this  coalfield  in  the  mode  o£ 
working  dhe  coal,  though  as  in  other  coalfields  there  is  much  generally  yet  to  be  desired.  Mr.  Anstie 
reports  to  me  that  "  The  primnpal  cause  of  waste  in  this  (»alfield  is  the  irr^ular  and  sometimes 
**  oroken  state  of  the  strata  in  many  of  the  collieries.  In  the  npper  measures  in  Gloocest^^re, 
"  worked  at  Parkfield  and  Coal  Pit  Heath  collieries,  the  coal  seams  lie  regularly  for  the  most  part^  the 
"  faults  being  few  and  small,  and  the  thickness  of  the  seams  remaining  generally  about  the  same. 

This  is  also  the  case  at  the  Yate  collieries.  In  the  Parkfield  pit,  the  greatest  economy  is  practised 
in  the  working,  and  the  result  is  a  net  produce  of  1,400  tons  per  acre  per  foot  In  the  Coal  Pit 
Heath  collieries,  owing  to  the  employment  of  the  '  pillar  and  stall '  system  of  working,  a  cousider- 

"  able  amount  (probably  one  fourth)  of  the  coal  is  lost   At  Yate  the  seams  worked  are  han^  the 

"  principal  one  a  hard  steam-coal,  and  as       pillars  are  almost  all  taken  out  sbordy  ^fter  the  ground 

<*  IS  opened,  tbe  loss  from  this  cause  is  probably  not  serious. 

In  the  Eingswood.  district  tiie  system  of  *  long  wall  *  is  always  adopted.   Many  thin  seams  are, 

"  however,  abandoned,  and  a  considerable  quantity  of  several  seams  is  very  inferior  in  quality,  so  as 

**  not  to  be  worth  working.   In  some  of  tlie  Kingswood  collieries,  certain  seams  prove  workable ;  in 
others,  an  entirely  different  set  are  profitable,  but  never  the  whole  series,  as  shown  on  the  sections. 

'*  The  greater  part  of  the  waste  in  the  Kingswood  and  Easton  districts  arises  from  the  deterioration 

**  of  the  seams  in  these  districts. 
"  In  the  Bedminster  and  Ashton  Vale  districts  there  are  but  few  causes  of  waste ;  the  seams  lie 

"  regularly,  and  the  system  of  working  is  economicaL   One  or  two  of  the  thinner  seams,  from  12  inclies 

**  to  18  inches,  are  not  worked  in  this  district 

In  the  Nailsea  coalfield  the  amount  left  behind  as  useless  will  be  probably  very  great  Most 
of  the  seams,  where  as  yet  worked,  consist  chiefly  of  small  coal,  and  this  not  of  first-rate  character. 

"  In  addition  to  this,  on  those  seams  which  are  considered  worth  working,  large  patches  of  dead  ground 

*  BocUaod  and  Conjbean  nuntini  a  eool  (the  Oallom  saun)  near  Aihwick,  vhidi,  from  torn  or  fire  ibet,  mlb  to  10,  IS,  or 
ereoSO  fbet 
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Mb.  PMMwmiL     occur,  in  which  the  seams  are  quite  absent  or  their  position  occupied  by  rubbish.   The  Nulsea 
BanMiUn.      basin  is  very  free  firom  UxUta,  but  the  system  adopted  in  the  only  colliery  now  open  is  that  known 
' '  SB  '  pillar  and  stall.* 

**Ia  the  area  over  which  the  highest  or  Radstock  seams  are  worked,  the  waste  is  not  more  than  is 
absolutely  necessary.    In  some  of  the  best  coUieries  the  occurrence  of  small  faults  is  so  constant  tiiat 
**  waste  from  this  source  is  ineidtable ;  but,  on  the  other  hand,  these  &ults  so  frequently  are  accom- 
**  pa>nied  by  a  doub^ig  of  the  ordinary  thickness  of  the  seam,  tiiat  the  total  acreage  of  any  seam  would 
**  hardly  lose  by  their  occurrence. 

'*In  the  first  six  seams  the  chief  waste  haa  occurred  through  the  abandonment  of  the  thinner  seams 
f  in  former  times.  .  In  the  neighbourhood  of  Glutton,  Paulton,  and  Famborough,  this  has  been  done  to 
**  a  considerable  extent^  but  wi^  the  present  system  of  working  very  little  waste  occurs  from  any 
'*  eaube. 

'*  In  the  second  or  Farrington  seams,  which  lie  beneath  the  Radstock  measures,  the  waste  in  some 
'*  collieries  will  be  very  great,  owing  to  the  inferior  quality  of  many  of  the  seams. 

The  prevailing  character  of  the  second  series  seams  is  rather  tender  coal,  more  or  less  intimately 
mixed  with  a  great  deal  of  rubbish,  chiefly  stony.    When  tolerably  pure  this  coal  is  sold  for  domestic 
purposes,  but  oy  far  the  greater  part  is  only  fit  for  steam^  raising.    If  there  were  a  good  demand,  and 
railway  accommodation  lor  putting  it  into  the  market  quickly,  a  large  quantity  of  this  coal  might  be 
'/  ruaeds  as  many  of  the  seams  are  of  good  thickness  and  easy  to  work. 

"  The  lowest  series  in  Somerset  bas  only  been  tried  in  the  20  square  miles  or  so  of  the  Nettlebridge 
**  Valley,  and  here  only  to  a  comparatively  shallow  depth.  In  this  district  the  greater  part  of  the  c^ 
"  measures  are  so  dislocated  and  even  torn  in  pieces  by  faults'in  all  directions  that  it  is  difficult  to  say 
"  what  might  be  worked  if  the  ground  were  only  more  regular.  In  the  western  end  of  the  valley,  at 
V  the  New  Rock,  Pitcot,  and  ^K>orwood  collieries,  where  the  seams  are  more  regular,  the  coal  has 
"  proved  better  in  qufdity,  and  also  the  number  of  seams  greater.  There  appears  to  be  a  tendency  to 
"  neglect  the  thinner  seams  in  favour  of  thpse  which  average  three  feet  or  lour  feet,  as  the  '  Great ' 
"  course  and  '  G^arden  *  course. 

In  iMs  case,  as  in  the  Nailsea  coalfield,  the  best  portion  has  probably  not  yet  been  opened.  The 
"  Naileea  cool  may  prove  better  and  harder  in  the  deep  of  the  present  workings ;  and  die  Nettlebridge 
"  seams  would  probably  improve  and  become  more  regular  in  going  further  west  on  the  north  ride  of 
'*  the  Mendip  chain. 

"  The  working  of  the  lowest  seams  at  Vobster  and  Edf'ord  are  carried  on  now  with  ver^  little 
"  waste.  Of  the  two  seams,  the  '  main  coal '  six  feet,  and  '  Perrink '  three  feet  six  inches,  which  are 
"  worked  at  Vobster,  prolMbly  not  five  per  cent,  is  left  in  the  pit^  though  the  coal  is  almost  entirely 

ffmall. 

**  The  amount  of  shale  and  rock  removed  is  very  great  In  the  Radstock  district,  where  several 
'*  of  the  seams  are  not  much  more  than  one  foot  thick,  the  amount  of  roof  and  floor  removed  must  be 
"  neariy  equal  to  that  of  the  coal  itself.   In  many  cases  even  the  old '  goaf'  will  not  contfun  the  rubbish 

as  the  work  prcrceeds,  therefore  a  portion  has  to  be  sent  up  the  pit    In  this  way,  and  in  keeping  up 

tile  roads,  nearly  500  tons  per  week  is,  I  believe,  landed  at  the  Countess  of  Waldegrave'a  collieries. 
*'  The  roads  are  often  difficult  to  keep  in  order.   The  gigantic  piles  of  refuse  to  be  seen  at  all  the 
'    collieries  which  work  the  Radstock  seams,  as  Tyning,  Camerton,  Timsbury,  Paulton,  and  Fry's 
'*  Bottom,  render  these  facts  obvious  to  any  observer. 

"  The  waste  is  further  increased  by  the  number  of  branches  which  require  to  be  driven  through 
«  barren  ground  in  order  to  reach  the  seam  again  alter  its  displacement  oy  a  fault  At  Braysdown 
"  colliery  a  branch  has  been  driven  for  nearly  900  yards  without  the  occurrence  of  any  workable  coal 

at  present,  and  in  other  places,  great  sums  have  been  spent  in  a  similar  manner." 

The  waste  in  working  from  these  several  causes  amounts  generally  to  from  one  tenth  to  one  third 
of  the  total  quantity,  but  a  larger  allowance  has  to  bo  made  for  barren  ground. 

4.  The  presence  of  water  rarely  interferes  with  the  working  of  coal  in  this  coalfield*  The  faults  as 
usual  assist  in  impeding  the  circulaUon  of  undei^round  water.  But  probably  more  is  owing  to  the 
great  extent  of  seoonda^  rocks  covering  and  protecting  the  outcroppmg  ed^es  of  the  coal  measures 
bom  rain  and  surface  watos.  Where  the  coal  measures  are  exposed  there  is  necessarily  more  danger 
from  surface  waters,  but,  as  these  do  not  occur  in  lai^e  volume,  they  are  or  could  be  brought  more 
under  control.  Still  Mr.  Anstie  says,  that  *'The  presence  of  large  bodies  of  water  in  the  old  workings 
**  is  one  of  the  greatest  dangers  in  the  modem  collieries  of  this  coalfield.  So  much  of  the  ground 
"  has  been  in  times  past  worked  by  shallow  pits  and  almost,  at  random  that  numbers  of  trespasses  have 

been  committed,  some  perhaps  almost  without  the  knowledge  of  the  trespassers.  Of  these  old 
"  workings  no  plans  have  been  kept,  and  even  now  there  are  collieries  working  with  such  plans  as  are 
"  quite  uninteUigible  to  anytme  but  the  pit  bsulifls.  This  fact^  and  the  very  large  extent  over  which 
**  the  old  workings  extend,  has  rendered  the  estimation  of  the  amount  of  coal  already  wrought  a  work 
'*  of  great  difficulty.   But  the  evils  ariusing  from  this  wimt  of  proper  records  are  far  greater  to  those 

undei^round>  Many  cases  have  hfmpened  of  risk  and  even  loss  of  life  through  the  sudden  irruption 
'*  of  water  from  the  old  works.  At  the  Newbury  colliery,  not  long,  since,  water  broke  in  from  an  old 
**  pit  one  morning,  when  fortunately  all  hands  were  away  from  work,  and  the  whole  pit  and  shafl  were 
"  filled  in  less  than  a  quarter  of  an  hour. 

The  Kingswood  district  is  one  mass  of  old  workin^is,  without  anv  record  for  the  most  parti  and  all 
"  80  full  of  water  that  the  fear  of  it  prevents  new  trials  b^ng  m^a»  for  coal  where  it  has  t^parently 

not.bew  worked. 

"  In  addition  to  this,  many  of  the  old  collieries  have  worked  up  so  close  to  the  overlying  formations 
that  all  the  Uod  water  finds  its  way  into  the  workings,  and  therefore  any  new  colliery  attempting 
.  '*  to  re-open  and  pursue  these  workings  bas  to  contend,  not  only  with  the  springs  of  the  coal  measures, 
but  also  with  the  whole  of  the  land  drainage. 
With  respect  to  the  coal  measure  springs,  the  first  or  'Radstock*  series  is  generally  very  dry, 
"  some  of  the  pits  having  no  pumps  wnatever.   The  second  or  '  Farrington '  series  has  several  very 
"  considerable  springs  {a&»  pit  sections),  rising  on  particular  beds  of  sandstone.   These  have  been  met 
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**  with  in  all  the  collieries  of  the  second  series,  and  entail  a  great  deal  of  pumping.  The  Pennant 
**  grit  is  said  to  contain  much  water,  but  so  little  mining  is  done  in  it  th&t  no  details  can  be  given. 
"  The  amount  of  water  at  the  iron  mines  at  Framptou  Cottrell,  which  are  in  the  Pennant  is  said  to 
"  be  very  great  The  second  series,  below  the  Pennant  sandstone,  is  said  to  be  less  subject  to  water 
'*  than  the  one  above,  and  this  statement  appears  to  be  verified  by  tiiose  collieries  now  working  its 
seams  (always  deducting  the  land  water,  or  that  from  the  old  works)." 

6.  Few  coamelds  are  so  free  from  firedamp.    In  many  of  the  collieries  it  is  almost  unknown.  There 
is  one  marked  exception,  viz.,  in  the  limited  district  which  skirts  the  northern  flanks  of  the  Mendips, 
where  the  strata  are  so  much  disturbed.    Some  of  the  seams  there  are  full  of  ess,  and  very  dangerous. 
Mr.  Anstie  reports  that,  "  The  seams  of  the  upper  series  (the  Radstock,  Farrington,  andCoalpit 
Heath)  possess  no  firedamp.   In  those  of  the  lower  series  it  also  appears  to  be  confined  to  tne 
lower  portion  of  the  group.    In  the  Tate  colliery,  it  makes  its  appearance  slightly  in  the  '  Hard ' 
*•  seam,  out  not  to  any  dangerous  extent    At  Kingswood  and  Easton,  the  only  fiery  seams  known  are 
"  the  *  Parker's  *  seams,  the  lowest  proved  yet  in  that  district    On  these,  (the  lowtst  particularly,)  fire- 
"  damp  is  said  to  exist  in  large  amount,  but  the  seams  have  as  yet  been  very  little  wrought  At 
Ashton  Vale,  neither  these  same  seams  nor  those  below  them  called  tht  Ashton  seams,  possess  any 
"  gas,  tiiough  the  Vobster  seams,  which  appear  to  correspond  to  these  in  almost  every  particular  save 
«  uiu,  are  very  fi^:^.   The  NetUebridge  Valley  has  been  the  scene  of  very  numerous  mmor  accidents^ 
as  weU  as  some  in  which  many  lives  have  been  lost    In  the  Old  Vobster  Breach  pit,  11  lives  were 
*<  lost  by  an  explosion  many  years  ago,  and  there  is  hardly  an  old  pit  of  any  consequence  in  ^e 
"  valley  whidi  has  not  some  similar  tale  to  record  of  greater  or  less  importance.   At  present  the  only 
**  coUieries  working  fiery  seams  are  those  of  Newbury,  Vobster,  and  Edford;   tne  *Fem  Rag,* 
"  *  Stone  Rag,'  *  Main  Coal,'  and  '  Perrink,*  being  worked  at  Vobster  and  Edford,  and  the  *  Dun^y 
'*  Drift '  at  Newbury.   The  gas  at  the  latter  place  is  unusual  in  its  chemical  composition,  bunung 
*'  with  a  whiter  flame  than  is  usuaL    At  Vobster,  the  firedamp  is  exceedingly  quick  and  dangerous, 
rendered  &r  more  so  than  usual  by  the  badness  of  the  ground,  which  is  as  rotten  as  it  well  can  be, 
**  and  rrauires  to  be  supported  constancy  by  the  use  of  brushwood  behind  the  timbers.   The  mun 
**  Toads,  if  deaned  out  to  six  feet  height  one  week,  will  be  reduced  to  one  half  of  that  the  next*  owing 
"  to  the  incessant  creeping.   Yet  no  severe  accident  has  been  known  at  this  colliery  for  many  years. 
"  This  is  no  doubt  due  to  the  excellent  management  of  the  head  bailifil    The  '  Davy  *  lamp  is  the  one 
**  in  common  use  in  this  district;  one  solitary  *  Clanny'  lamp  being  used  at  a  part  of  the  Edford  pit 
'*  The  presence  of  firedamp  in  the  Nettlebridge  Valley  appears,  as  far  as  yet  proved,  to  be  confined  to 
"  the  area  i^ected  by  the  great  *  turn-over '  occasioned  by  the  upthrow  of  the  Mendips,  between 
Mells  and  Stoke  Iauo.   The  turnpike  road  passing  through  the  village  of  Nettlebridge  nearly^  mai^s 
"  the  termination  of  the  *  firedamp '  area,  as  well  as  that  of  this  great  dislocation.   In  the  collieries  at 
"  Moorwood  no  firedamp  was  ever  found  on  the  seams  so  subject  to  it  usually.*** 

6.  The  coals  are  worked  to  cfmsideri^le  depths.   Pits  of  from  500  to  700  feet  deep  are  common,  and 
in  one  case  coal  is  worked  at  a  depth  of  1,740  feet,  and  iu  a  second  of  1,920  feet   At  few  places,  if  any 
where  in  England,  are  thin  seams  worked  at  such  great  depths.    Mr.  Anstie  says,  that  "  The  deepest 
workings  in  this  coalfield  are  those  of  the  Golden  Valley  collieries,  Bitton  (Gloucestershire).   In  this 
case,  the  depth  of  the  shaft  is  300  yards,  and  the  deep  workings  are  reached  thence  by  means  of, — 
let  An  incline  of  800  yards  length,  worked  from  the  pit  bank  by  the  winding  engine  ;  ^d.  An 
incUne  of  dO  yards  length,  worked  by  a  wheel  and  rope  ;  3rd.  Another  incline  simiuir  to  the  last, 
50  yards  in  length ;  4th.  An  incline  of  60  ^ards  length,  up  which  the  *  puts  *  are  dragged  by  manual 
*'  l^ur.  The  total  length  of  the  inclines  is  960  yards,  and  the  total  deptii  from  the  suiace  to  the 
"  deepest  point  of  the  workings  is  640  yards.   The  <|uali^  of  the  coal  worked  is  the  finest  description 
"  of  smith  s  coal,  and  the  thickness,  though  very  variable,  averages  18  inches,   'lliis  is  not  always 
"  good  throughout ;  sometimes  a  quarter  of  the  seam  may  be  only  fit  for  furnace  coaU   The  roof  is  a 
"  hard  Pennant  sandstone ;  the  floor  12  inches  to  16  indies  of  fireclay.   The  cost  of  bringing  tl^  coal 
**  to  bank  is  said  to  be  about  8<.  per  ton. 

'*  Hie  strata  above  this  seam  consist  of  Pennant  rock,  through  irtiidi  the  shaft  is  sunk.  It  ooeupied 
**  seven  years  in  sinkiiu;. 

"  liie  depth     tlft  firaysdown  shaft  near  Radstock  is  580  yards,  but  the  expense  is  greats  the  pit 

•*  not  being  furnished  with  high-speed  machinery." 

The  coalfield  has  been  more  or  lera  actively  worked  for  the  last  two  centuries.  The  number  of  pits 
now  open  (1868)  is  64;  whereas  the  old  pits  of  importance,  no  longer  worked,  number  150 ;  making  a 
total  of  S14  pits  which  have  been  sunk  in  this  coalfield  (see  Appendix  D.)  This  does  not  include  uie 
many  small  and  old  shallow  pits  where  the  coal  is  near  the  suruice. 

Records  of  workings  of  a  large  proportion  of  the  old  pits  were  either  not  kept,  or  many  of  them  have 
been  lost   An  estimate  has  therefore  had  to  be  made  in  each  parish  where  they,  occur  of  the  probable 

rintity  of  coal  extracted  at  them.    This,  owing  to  the  fact  of  their  being  more  or  less  shallow,  renders 
matter  of  less  importance,  as  such  pits  wouM  little  affect  the  great  maw  of  coal  measures  wo  have 
to  deal  with,  which  will  be  seen  by  an  inspection  of  the  sections. 

§6.  Ox  THE  Coal  wbought. 

The  estimates  of  the  fjuantities  of  coal  wrought  have,  as  before  mentioned,  been  obtained  by  laying 
down  on  uncoloured  cofMes  of  Mr.  Sanders's  map  the  boundaries  of  each  parish  where  coal  is  workec^ 

*  In  additioD  to  these,  and  a  far  more  coannon  catuw  of  loas  of  lift  or  limb,  is  the  occurrence  of  falls  from  the  roof.  Manj  of 
the  seams  vn»ght  in  Somenetshire  hare  a  vei^  bad  roof;  and,  in  addit)<Ni  to  this,  the  existence  of  large  Calaimte(%gillarik?)  stenu 
or  beilHnonIda,  as  the  mea  term  them,  of  tons  in  weiriit,  frequently  caiues  Joss  of  U£e.  The  aoddenta  arising  from  ordinal;  foils  of 
roof  ftppor  to  be  chiefly  doe  to  the  inattention  of  ue  miners  Aeguelves  ;  carelessness  ariung  fron  eaostant  ejqKMure  to  danger. 
There  are  also  the  osuai  acudents  arising  from  breakage  of  ropes  and  fulure  of  machinery  on  imdei^round  inidiiMi,bat  these  an 
jtfobably  not  more  numerom  than  in  other  coalfields.  Most  of  the  best  collieries  noir  use  roond  ir&e  ropes,  but  same  tlill  pr^r 
raUng  and  lowering  the  moi  vith  tiie  6ld  flat  hemp  rope.  Flat  wire  ropes  are  alfO  osed  in  many  |4aoes. 
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wi.  Psnnncs.  and  then  covering  the  area  worked  out  of  each  coal  seam  n  each  colliery  la  that  parish  with  coloured 
Bome^^uhire.   Btripcs,  using  a  diflerent  colour  for  each  coal.   The  total  area  wrought  of  every  seam  in  each  parish 
is  thus  determined^  and  the  totals  of  all  the  p£u*i8hes  added  together,  so  as  to  obtain  the  totals 
in  acres  of  each  seam  of  coal  wrought  for  the  entire  coalfield.   Inese  acreages  are  then  calculated 
in  tons. 

The  area  of  the  coalfield  embraces  106  parishes.  Coal  is  known  to  exist  in  74  of  these  parishes, 
and  has  been  wrought  in  returnable  quantities  in  57.  The  "returns"  for  each  of  these  parishes 
is  given  in  Appenduc  H.  The  following  tables  give  the  summary  of  results  abstracted  from  these 
''returns.^' 

In  the  first  the  seams  are  taken  in  their  entirety  over  the  whole  coalfield,  and  the  quantities  in  tons 
wrought  from  each  seam  are  given  separately.  In  tiie  second  the  seams  are  given  according  to 
parisnesj  and  the  acreage  in  each  parish  is  reduced  to  tons. 

This  is  done  as  a  point  of  comparison  with  the  returns  of  the  quantities  unwrought,  which  is  all  in 
parishes,  but  the  returns  not  having  been  made  up  with  this  object  in  view,  this  tfA)le  is  necessarily 
very  general,  and  possibly  somewhat  imperfect 

Table  II. 

Showing  the  quantities  wrought  of  each  coal  seam  of  the  difierent  series  in  the  several  districts  of  the 
co^field.  The  seams  are  ^iven  in  descending  order.  In  reducing  the  acres  to  tons,  an  allowance 
of  from  one  tenth  to  one  third  has  been  made  for  waste  in  working,  faults,  &c.,  as  per  details  in  the 
**  returns  "  Appendix  H. 


Upper  Series,  above  the  Pennamt. 


Qaaatitiei  vron^ 

Dirtriet 

Name  of  CoaL 

Id  acres  of  4,840 

Id  tons  of  1,600  per  acre 

Bquarc  yards. 

AiF  fHii^Ti  Tnfti  t^ii^Jr 
tVi  dk\^u  a^^jv  fcuiuA 

of  coal. 

Oi  HctuStOCft  vrTOtlpt 

Acres. 

Tons. 

Snnersetshire 

Great  seftm  - 

3,608 

10,563,400 

Top  liittle  vein         -  ^  - 

3,042 

5,271,786 

juiuQie  Vein  ~ 

1,276 

3,040,708 

Slyving  vein  - 

2,700 

7,897,600 

Ijittle  Slyving  vein          ~  - 

2,700 

3,510,000 

BnUvein        -        -        .  - 

»S1 

2,160,600 

b.  Farrtngton  Chvup. 

No.  1  ofBraysdown 

13 

28,158 

Top  seam  (and  Streak?  of  Grayfield) 

280 

354,900 

Peacock  seam  (of  Grayfield)  - 

110 

238.260 

Middle  scam  (oi  r  arnngton)     -  - 

83 

177,952 

Stony  vein  (of  Grayfield) 

3 

3,900 

Church  Close  vein  and  Now  vein  - 

124 

358,800 

The  3,  5,  nnd  6  veins  of  Timsbury 

78 

286,866 

Great  vein,  Three  Coal  vein,  Smith 

309 

964,757 

Coal  vein,  Little  vein,  and  Pea- 

cock vein  of  Bishops  Sutton. 

Gkmoestershire  - 

Hard  vein          .           -  . 

974 

2,532,400 

Top  vein(  Ilollybiish  of  Coalpit  Heath) 

1,213 

3,153,800 

Hollybush  vein  \  (High    Seam  of 

1,410 

4,582,500 

Great  vein       /    Coalpit  Heath) 

1,410 

4,582,500 

49,698,786 

Pennant  Rock. 

Eingswood 

Hen  vein  - 

37 

120,260 

Cock  vein  - 

134 

522,600 

Stinking  vein         -          -  - 

76 

128,975 

Nailsea 

Grace's  seam        -         -  - 

104 

473,200 

Kettlebridge 

Globe  seam 

MangotsAeld  • 

Mangotsfield  Top  vein 

„        Under  vein 

1,245,025 

Lower  Sebxbs,  below  the 

F2HNAHT. 

TTailsea 

Whitens  seam       -         -  - 

6S8 

2,276,148 

Dungy  seam  - 

83 

148,839 

Nailsea  Little  vein  - 

Goldaa  Valley  top  toIa      *  • 
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Kingswood  and  Bristol  - 


Aahton  and  Bednuiuiter< 


SonndTeU 


Cromhall 
Yaie 


Bath 

Nettlebridge  Valley 


Nanwof  CoaL 


Grolden  Valley  under  vein 

Backwell  Little  vein 

Smith  Coal  rein 

Dog  vein 

Spider  Delf  vein 

Crow  vein  • 

Millgrit  T6in 

Rag  vein 

Devil's  vein 

Buff  vein  - 

Parrot  vein 

Mnzen  vein 

Stibbs*  No.  1  (Scrag) 

„  No.  2  (Smith  coal)  - 
„    No.  8  (DoUy,  Plox)  - 

Holmes  vein 

Whitehall  vein 

Queenbower  vein 

Doxall  vein 

Upper  Five  Coals 

Old  Toad  vein 

Trow  vein 

Hard  vein      -  - 
Lower  Five  Coals 
Thurfer  vein 

Great  vein  ... 
GiUer's  Jmk  vein 
Little  Toad  vein 
Fufcer^  Ground  Top  vein  - 
„         „      Middle  vein 
Top  veins 
Great  veins 
Little  veins 
Britain's  vein 
Stubbs'  vein 

Shelly  vein      -  - 
Hard  vein 
Slate  vein  - 
Smith  Coal  vein 
Venture  vein 
Top  seam  - 
Little  T^n 

Hard  vein      -         -  - 
Smith's  Coal  vdn 
Sodbnry  vein 


The  Twerton  seams 
Newton  St.  Loe  seams 
Small  Coal  seam 
Garden  Course  seam 
Great  Course  seam 
Fern  Bag  seam 
Stone  Bag  seam 
Main  coal  seam 
Ferwink  seam 
And  other  smaller  seams 


Qnaattties  inongfat. 


Um.  Txutwick. 
BtSMneWiim. 


In  aores  of  4*840 


Acres. 

67 


184 


426 
487 
48 
628 
941 

86 
236 
800 


186 
153 

350 
399 
458 
1,566 
1,343 
1,561 
1,523 
1,491 


867 
557 

28 
35 
56 
63 
101 

87 
22 
211 
402 


to  thedifturbed 
eondititHi  ind  gntt  dip 
ofibe  coal  measureB,  or 
to  lofaAcient  records, 
the  coftl  in  these  dis- 
triotl  has  not  been 
taken  by  th«  acreage, 
but  the  tola]  ont-pnt 
at  each  ooIHery  has 
beeo  olherwiM  «iti- 
maled  (we  p.  .) 


From  the  Upper  Series 
From  the  Pennant 
From  die  JMwer  Series 


Add  to  this  far  snndry  small  or  old  pits  of  which  no  records  have  been  preserred, 
oc  for  coal  damaged  by  old  workings,  say  .  «  . 

Total  of  wrought  coal  •  -  •  - 


Id  UioB  of  1,500  per  aer* 
for  each  foot  thick 
of  coal. 


Tons. 
274,525 


598,000 


1,661,400 
1,266,200 
135,168 
4,082,000 
2,140,775 

335,400 
460,200 
975,000 


846,300 
364,599 

1,137,500 
518,700 
694,328 
5,769,144 
2,327,419 
9,131,850 
2,474,875 
2,938,300 


1,595,425 
2,676,362 
4,000 
45,500 
136,500 
218,400 
118,251 
262,600 

339,300 
71,500 
232,100 
1,219,266 


47,470,874 


20,000 
10,000 


10^580,000 


58,080,874 


49,698,786 
1,245,025 
58,080,S74 


109,024,685 
5,000,000 


114,024,685 
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Tablb  HL — Showing  tlw  Quantities  ot  Coal  wrought  in  the  di£^nt  Parishes. 
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S(nCEB8ET8HlBX. 

Ashwick  ------ 

Babington         -         -         _  - 
Backwell,  NaiI8«^  Wraxall  -         -         -  '  - 
Bedminster        .         -         -  - 
Bishops  Sntton        -         -  -  - 

Downside  _         -         -  - 

Dunkerton  ------ 

Farrington  Gurnoy,  Farmborougb  • 

Long  Ashton  -         -         -  - 

Holcombe  -  -  - 

Kilmersdon  ------ 

Leigh-on-Mendip  - 

Newton  St.  Loe       -         -         -         -  - 

Melts  

Badstock,  Camerton,  Glutton,  Faulton,  Midsomer 

Norton,  WriUdington,  Foxcote,  Wellow  - 
Stoke  Lane        ~         "         :  * 
Stratton-on-the-Fosse  - 
Timsbury,  High  Littleton  - 
Twerton  ------ 

GxX>trCESTEBSHIRE. 

Cromhall  •         -  .  . 

Oldland,  Siston  ..... 
Mangotsfield,  Westerieigh,  Iron  ActOD,  Frampton 

C^trell,  Fucklechuroh  -  • 

St.  Greorg^  St.  Phillips,  Stapleton,  Uanhazn,  and 

Bitton       -  -  -  - 

Yate  - 

Total 


Nomberof 
Seams 
wotked. 


18 

2 


TklDB. 


50,000 
600^000 
3,765,715 
3,776,587 
964,757 
2,500,000 
649,060 
484,752 
499,200 
1,000,000 
2,000,000 
500,000 
10,000 
2,000,000 

32,462,152 
30^000 
2,000,000 
286,865 
20,000 


71,600 
1,892,376 

14,851^ 

37,259,158 
1,451,366 


109,024,685 


§  7.  Os  THE  CoA£  UMWItOUGHT. 

Acreage  of  the  Coalfields 

The  Somersetshire  and  Gloucestershire  coalfield  having  an  exposed  area  of  only  30,580  acres,  and 
the  rest  of  it  being  covered  by  beds  of  Magnesian  Conglomerate,  Ked  Marl,  Lias,  Oolite,  renders  the 
determination  of  its  extent  more  difficult  and  uncertain  th^n  in  other  coalfields  the  dimensions  of  which 
can  be  ascertained  by  surface  examination.  In  this  case  we  have  first  to  ascertdn  how  far  the  coal 
measures,  extend  under  the  newer  formations.  These  beds  lie  comparatively  horizontally  upon  the 
coal  measures,  whatever  may  be  .the  angle  of  dip  and  the  disturbances  of  the  latter.  llieTextend 
transgressively  over  both  the  Coal  Measures  and  tne  older  rocks  beneath  the  Coal  Measures.  The  two 
latter  having  been  disturbed  togedier,  the  strike  of  the  one  runs  parallel»  or  nearly  so,  to  that  of  the 
other.  Consequently,  if  an  outcrop  of  the  carboniferous  limestone,  or  mUlstone  gnt,  can  be  obtained, 
it  is  easy,  even  though  the  intervening  district  be  covered  by  new  rocks,  to  lay  down  the  line  of  outcrop 
of  the  coal  measures,  by  prolonging  parallel  lines  from  any  one  or  more  of  the  known  outcro|ffl  of  co^ 
measures  or  of  the  older  rocks  to  other  outcrops  at  a  aistance.  In  this  way,  and  by  the  fud  of  old 
works,  trial  pits,  and  borings,  it  has  been  ascertained  that  this  coalfield  forms  an  irregular  basin,  and 
its  extent  can  be  determined  within  probably  very  narrow  limits  of  error.  We  are  led  by  this  method 
txf  inquiry  to  believe,  that  besides  the  extent  of  coal  measures  already  worked  of  24,111  acres  under 
the  neWCT  fbrmations,  there  is  a  further  portion  extending  over  98,089  acres  not  yet  worked.  The 
extent  of  exposed  coal  measures  is  shown  m  map  No.  I ;  whilst  map  No.  11.  shoixra  the  total  area  of 
the  coalfi^d,  on  the  suppositum  that  the  supenncumbeut  newer  formations  are  removed.  This  gives 
an  area,  including  the  known  portion  of  the  Nailsea  basin,  of  152,780  acres. 

This  is  exclusive  of  some  small  outlying  basins,  the  existence  of  which  is  known,  but  their  extent  and 
depth  not  yet  proved.  In  one  of  these  near  Clevedon  the  outcrop  of  the,  coal  measures  can  be  traced  at 
intervals  jrom  the  head  of  the  Portishead  Valley  to  Clapton  in  Gordano  (Section  H),  where  a  small  pit 
was  worked  a  few  years  since.  These  strata  may  range  under  the  red  marl  in  the  direction  of  Portbury, 
and  posnbly  as  far  as  the  mouth  of  the  Avon.  In  all  other  directions  the  old  red  sandstone  or  the 
carbcmiferons  limestone  crop  out  all  round  the  vaHey.  This  small  basin  is  only  a  few  square  miles 
in  extent 

The  probable  existence  of  a  coal  basin  under  the  Severn  on  the  western  side  of  the  Bristol  coalfield 
was  noticed  by  Buckland  and  Conybeare  in  1824  {op.  cit.),  and  the  fact  of  which  has-  since  been  made 
more  certiun  by  the  railway  cutting  at  Almondsbury.  After  passing  out  of  a  low  tract  of  Lias,  covering 
a  portion  uf  the  Bristol  coalfield,  a  deep  cutting  of  the  railway  passes  through  a  narrow  anticlinu 
ridge  of  Millstoiie  Grit  and  Carboniferous  Limestone,  and  on  its  western  or  Severn  fiank  a  short  section 
of  the  Coal  Measures  is  seen  with  the  strata  in  a  pardy  reversed*  then  in  a  vertical  position,  and 
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finally  dipping  westward  under  the  red  marls.  I  have  counted  as  many  as  five  or  six  seams  of  coal^  mr.  Faanwicm. 
one  of  which  measured  2^  feet  and  another  1^  feet  It  is  .'irjc  ,  however,  that  there  was  a  seam  there  nnmrnrfntitio 
which  measured  4  feet  in  thickness.*  The  engineer  of  the  railway,  Mr.  Charles  Richardson^  C.E.,  who 
called  the  attention  of  the  Bristol  Chamber  of  Commerce  to  the  fact,  had  a  series  of  borings  made  ia 
connection  with  a  projected  tunnel  beneath  the  Severn.  (See  Appendix  G.)  One  boring  on  a  shoal  in 
the  Severn  reached  the  coal  measures  under  a  depth  of  80  feet  bf  red  marls,  and  another  m  the  opposite 
shore  of  the  Severn  at  a  depth  of  95  fiset.  Hie  carboniferous  limestone  appears  in  the  Soutii  Wales 
Railway  cutting  at  Portskewet  The  width  of  this  basin  is  therefore  5^  miles.  Its  southern  ter- 
mination is  possibly  marked  by  the  small  outcrop  of  coal  measure'rocks  at  the  point  of  Portishead  PiU. 
On  the  north,  the  basin  probably  ends  along  a  ridge  of  carboniferous  Umestome,  passing  fi^m  AlTeston 
under  the  Severn  to  Chepstow.   This  gives  a  length  of  about  8  miles. 

In  addition  to  these,  there  is  the  partially  worked  basin  of  Nailsea,  immediately  south  of  the  Bristol 
coalfield,  and  which  has  been  taken  partly  mto  account  in  the  general  estimates.  But  there  is  a  furtiier 
and  nnexplained  portbn  extending  southward  under  the  red  marls  and  alluvial  marshes  of  Tatton, 
Kenn,  and  Cleredon,  not  taken  into  account  and  without  trials  we  cannot  tell  bow  far  southward  this 
baedn  may  extend.  As  the  coal  is  often  deteriorated  (becoming  mixed  with  stone  and  shale)  in  the 
Nailsea  oistrict,  the  value  of  this  source  of  supply  is  problematical.  It  may,  however,  be  worth  notice 
at  a  ^tare  period.  (See  Map  and  Section  H.)  I  do  not  give  any  estimates  for  these  small  adjacent 
coalfields,  as  the  inquiry  concerning  tbem  belongs  more  properly  to  the  report  on  the  probalde 
occurrence  of  coal  measures  beneath  the  newer  formations  in  the  south  of  Kngland. 

As  belonging  to  the  Somersetshire  coalfield^  the  possible  existence  of  a  coal  basin  to  the  south  of  the 
Mendip  Huls  must  be  noticed.  It  has  long  been  the  opinion  both  of  scientific  and  practical  men 
that  coal  exists  there,  and  in  fact  an  attempt  has  been  made,  within  the  hst  10  years,  to  reach  the 
ooal  measures  at  a  spot  four  miles  south  of  Frome.  The  shaft  has  traversed  290  feet  of  Oxford  clay 
and  26  feet  possibly  at  cornbrash.  As  it  is  almost  certain  that  under  the  oolites,  the  Lias,  New  Red 
Sandstone,  and  Permian  beds  will  be  found  iu  regular  sequence,  the  depth  to  the  coal  measures  must 
be  considerable.  In  section  A.  the  newer  formations  are  taken  at  their  full  development  in  Somerset- 
^ir^  and  show  a  thickness  of  from  1,500  to  2,000  feet,  but  as  we  know  that  on  the  north  of  tiie 
Mendips  they  thin  off  in  approaching  that  range  of  hills,  it  is  possible  that  they  may  do  so^  although 
to  a  l«ser  degree^  on  the  south  side  of  the  Mendips,  and  in  that  ease  the  total  thickness  of  the  newer 
rodks  may  be  found  not  to  exceed  1,000  to  1,600  feet 

That,  after  traversing  the  secondary  formations,  the  coal  measures  will  be  fonnd,  is  more  than 
probable,  because  the  latter  were  deposited  before  the  elevation  of  the  range  of  the  Mendips,  whereby 
the  Coal  Measures  as  well  as  the  underlying  Carboniferous  Limestone  and  Old  Red  Sandstone  were 
fractured  and  thrown  up  along  a  line  running  from  west  to  east.  One  fractured  edge  of  the  coal 
measures,  rich  in  coal  seams,  cro|>s  out  in  the  Nettlebridge  Valley,  where  it  is  partially  covered  by  the 
secondary  rocks,  and  the  other  will  probably  be  found  on  the  south  flank,  only  covered  by  a  greater 
thickness  of  the  same  secondary  rocks. 

Thickness  of  ths  Coal  Measures, 

The  numerous  pits  in  the  Radstock  and  Farrin^ton  basin  have  made  the  thickness  of  the  upper 
series  within  tiiat  area  known  with  considerable  certainty  ;  but  it  is  not  improbable  that  at  Farmborough 
and  Pensford  there  is  a  higher  division  of  almost  unproductive  coal  measures,  possibly  as  much  as 
700  feet  thick.  (See  section  of  Farmborough  pit,  sheet  2,  No.  12.)  An  approximate  estimate  can  be 
formed  of  the  Pennant  rock.  Of  the  lower  series,  sufficient  is  also  known  to  make  a  close  estimate. 
Taken  about  the  centre  of  the  coalfield,  these  diviaons  may  attain  the  following  development : — 

Feet. 

Upper  series         -         -         -         -  2,600 
Pennant  sandstonet    ...  8,000t 
Lower  series         ....  3,800 


Total  -  8,400 


Taking  the  dip  at  the  several  collieries  and  at  the  outorop  of  the  coal  measures,  together  with  tiie 
dips  of  tee  underlying  older  and  of  the  overlying  newer  rocks,  it  is  easy,  by  prolonging  these  several 
dips  on  sections  having  the  same  horizontal  and  vertical  scales,  to  determine  with  reasonable  accuracy 
the  depth  to  which  the  coal  measures  plunge  beneath  the  newer  formations,  and  the  probable  thickness 
of  these  latter,  throughout  the  coalfield.  We  find  that  in  the  Radstock  district  the  deepest  of  the 
coal  strata  miist  be  not  less  than  about  8,000  feet  beneath  the  surface  of  the  ground,  and  that  in  the 
central  area  a  large  portion  of  the  lower  series  lies  at  a  depth  of  from  4,000  to  ^600  feet.  The  d^ths 
indade  the  thickne^  of  the  newer  overlying  rocks,  which  varies  from  0  to  '400  feet 

As  we  know  the  relation  which  the  seams  of  coal  bear  to  the  mass  of  the  strata,  the  position  of  any  . 
seam  at  any  spot  can  be  determined  by  such  sections,  and  then,  by  taking  the  hnmber  ot  coal  seams, 
and  their  total  thickness,  the  amount  of  coal  in  each  zone  of  depth  can  be  approximately  ascertained. 

Though  we  may  fail  to  determine  where  one  coal  sets  iu  and  another  cues  out,  we  have  sufficient 
data  to  form  a  near  estimate  of  the  quantity  of  unwrought  coal  in  different  parts  of  the  coalfield.  For 
if  we  take  the  total  number  of  known  seams  in  the  southern  area,  say  at  Nailsea,  again  in  the  central 
area,  as  around  Bristol  and  Kingswood,  and  again  in  the  most  northern  area,  say  of  Vate  and  Cromhallt 
we  find  that  the  number  of  seams  decreases  from  the  centre  both  northward  aoA  southward- in  a  ratio 


*  In  Knole  Puk,  adjoining  Ahnondsbnry  cutting,  Aeie  «re  in  fust  Bono  small  <dd  pits  in  idiidL  these  eoata  mre  w^kad  vary 
WMOj  yean  ago,  but  so  rec<nd8  are  {oeawvecL 

1 1  am  dinptMed  to  think  that  tlua  meaiuKnunt  nay  be  zaAer  too  great.  It  may  possibly  be  500  feet  iesi. 

t  Probably  thia  and  some  of  the  other  sectfona  ^ve  the  dip  -vith  a  little  too  much  r^ukri^.  It  is  poaoble  there  may  be  man 
rolls  in  the  stiata,  and  that  the  thieTmeaa  of  the  ooal  formatioo  is  eomevhat  exaggerated. 

F  4 
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ju.  pumnoK.  shown  by  intermediate  pits,  and  which  is  generally  lu  some  proportion  to  tho  distance  betveen  the 
nanmwMdMt.  places.   We  know,  for  example  that  in  the — 

Total  of  feet 
Seanu.  of  coal. 


Southern  or  Nailsea  area  there  are    12  3S 
Central  area  -  -  -    80  to  40  60  to  70» 

Northern  do.  -  -  -     7  10 

Tf  there  ore  intermediate  untried  (tiatricts  between  known  districts,  we  may,  by  taking  the  mean 
number  of  the  seams  or  of  the  quantities  according  to  the  distance  from  the  two  known  secUons,  form 
a  nearly  approximate  estimate  of  the  quantity  of  coal  at  those  intermediate  places.  Thus,  if  at  a 
spot  A  we  have  20  seams  of  coal  with  a  total  tbiclcness  of  40  feet,  and  at  D,  10  miles  distant,  we  have 
SIX  seams  with  10  feet  of  coal,  we  may,  as  the  seams  almost  always  die  out  gradually,  assume,  unl^ 
we  have  indications  to  the  contrary,  that  at  B,  three  miles  from  A,  we  have  about  32  feet  of  coali  and 
at  C,  six  miles  distant,  about  24  feet,  and  so  on  in  proportion  or  nearly  so  to  the  distance. 

In  the  Severn  Valley  basin,  west  of  Almondsbury,  tnere  is  reason  to  beliere  tliat  the  average  thickness 
of  the  overlying  red  marl  does  not  exceed  100  to  200  feet,  but  we  are  ignorant  of  what  may  be  the 
thickness  of  the  coal  measures.  Although  the  width  is  known  not  to  be  great,  tiie  dip  at  Almmdsbury, 
like  at  Vobster,  is  so  rapid  tiiat  the  coiu  measures  may  be  carried  to  a  considerable  depth,  and  have  a 
corresponding  thickness,  so  that  this  small  basin  may  eventually  prove  to  be  a  valuable  and  easily 
accessible  source  of  supply. 

The  sections  of  the  coalfield  accompanying  this  report  will  serve  to  show  the  approximate  posidon 
and  depth  of  the  coal  seams  in  various  parts  of  the  coalfield. 

Having  in  this  way  estimated  the  number  of  seams  and  their  total  thickness  in  each  pariah, 
Mr.  Anstie  calculated  the  quantities  as  described  in  the  "  returns,"  omitting  such  seams  as  an  too  bad 
or  too  tiiin  to  be  worked.  From  the  totals  thus  obtained  he  has  made  a  deduction  of  from  one  tenth  to 
one  third  for  waste  in  working,  faults,  and  broken  ^und;  a  deduction  based  on  the  working  of  the 
same  coals  in  the  nearest  adjacent  collieries,  and  wmch  there  is  every  reason  to  believe  is  generally 
sufficient  I  doubt,  however,  whether  rather  too  high  an  estimate  has  not  been  put  on  the  deeper- 
seated  coals  of  the  lower  series  generally;  whether  sufficient  allowance  has  been  made  for  broken  and 
barren  ground,  and  for  bad  and  unworkable  seams;  and  especially  whether  too  great  a  range  has  not 
been  given  to  some  portion  of  them.  As  the  recalcula>tion  of  the  "returns"  would  involve  much 
labour,  I  have  made  a  deduction  in  the  Summary  (p.  18)  for  this  difference  on  the  coads  in  the  central 
and  deeper  area,t  which  I  have  put  down  at  one  fifth  more.^  These  "returns,"  collected  and 
calculated  with  great  care  br  Mr.  Anstie,  occupy  109  sheets  (in  Appendix  H  and  I.)  The  estimated 
number  of  seams  and  total  thickoess  of  workable  coal  in  each  parish  is  there  given.  I  have  given  in 
the  annexed  table,  No.  IV.,  an  abstract  of  these  returns.  Column  I.  gives  the  parishes.  Column  II, 
ffyes  the  thickness  of  the  coal  seams  in  each  series,  excluding  the  unworkable  seams.  Column  III! 
gives  tho  proportion  deducted  for  waste  in  working  faults,  &c.  Column  IV.  shows  the  acreage  of  coal 
un  wrought  of  each  parish;  and  the  quantities  in  tons  are  given  in  Column  V. 

Table  IV. — Showing  the  Quantities  of  Coal  remainiae  unwrought  in  the  several  Parishes  of  the  Somerset- 
shire and  Gloucestershire  Coalfield.  For  the  nnmber  of  seanu,  nmes  of  depth,  and  other  particnlarsL 
see  Appendix  H. 


I. 


Naxb  or  Pabuh. 


TbiokneuofCotl 


Upper  Series. 


Lower  Series. 


Gl.0  UCESTKRSHIRE. 


Abstooe  - 

Almondsbury 

Alveston 

*Bitton§ 

*Croinhall 

Dyrham 

Frencfaay  - 

Filtoa 

*Frampton  Cottrell 
*Hanham 
Horfleld  - 
*Iron  Acton  - 
*Mangotsfield  - 
•Oldland 
'Pncklecharch  - 
*Rangeworthy 
*St.  George 


Ft.  in. 


4  0 


8  0 
12  0 

10  0 


Ft  in. 
86  0 

20  10 
12  10 
51  4 

4  6 
29  2 
38  0 
19  4 
14  10 
86  8 

21  2 
14  10 
86  8 
66  11 
37  0 
14  10 
62  1 


m. 

AUowance 
for  Faults, 
VfMe,  &c. 


Proportion  of 
tho  whole. 


i 


IV. 

Number  of 
Acres. 


fiOO 
2,231 

760 
3,171 

197 
89 

443 

742 
1,842 
1,250 

509 
1,755 
2,460 
1,052 
1,938 

846 
1,677 


V. 

Total  in  Toou. 


12,821,865 
25,872,618 
6,611,057 
146,905,113 
730,800 
1,686,275 
18,586,987»» 
11,960,375 
31,414,810 
68,441,800 
7,520,785 
51,148,253 
128,065,068 
46,386,433 
110,405,845 
13,115,568 
60,545,775 

742,118,312 


*  Or  we  may  take  in  average  of  S5  Kams  and  of  60  feet  of  coal. 

t  I  ezc^  afKne  of  the  miat  Qortfaeiii  districts  and  tlie  bdt  along  wUch  the  aeamt  are  inoTed. 

X  lUdlng  the  avenge  of  a  manber  of  pit^  I  And  that  alxNit  three  flittu  or  two  thirdi  of  tfie  ooal  seuu  tie  mrked,  and  about  two 
Ihbds  to  wee  qnarten  of  tlie  total  ooal  extracted. 

Slliose  marked  irith  Ae  *  are  pariiheB  in  whioh  eoal  has  actnallv  Iwen  wmykt.  tiHmgh  not  always  in  a  letaniaUe  ooantHv. 
•  Tlda  ihooM  be  18,469,775.  /  ->     -o  -v  17. 
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Vakb  C9  Pahnh. 


II. 

TUoknesaofCoal. 


Upper  SeriM. 


Lower  Series, 


m. 

Allowanoe 
for  Faults, 
Waste,  &e. 


IV. 


Ninnber  of  j 
Acres. 


V. 

TkrtalinTors. 


llM.TMmmim. 
BiBwneUriiik 


Brought  f(»iwd 
*St.  Phillip^  Bnatol 
•Siaton  - 
*St^eton  - 
Stoke  Gifford  - 
TTtfaeriDgton 
•Wapley 
*We8terletgh  - 
•Wickwar 
Wiaterboame 
•Y«*e  - 


SOKXRAETSHI&E. 


•Ashwick        -         -         -  - 

Not^ 

iven. 

•Babington  - 
*BackwelI  - 

44 

0 

26 

1 

Barrow  Gurney          -         -  - 

11 

2 

*BedmiDster  -         -  - 

31 

9 

Bhiegar  -         -         -         -  - 

55 

10 

*Brislingtoii  -         -  - 

22 

0 

50 

10 

26 

1 

BaeUand  Denham  and  lAverton       ~  < 

55 
26 

10 
8 

*Bnrnet  -         -         -  - 

22 

0 

60 

10 

Canidly       .         .  - 
'Camerton         -         -         '  ~ 

10 

5 

65 

10 

28 

7 

66 

10 

Chartorfaonw  Hinton           '  * 

66 

10 

Chelvey   -         -         -         "  * 
*Chelwood   -         -  - 

26 

1 

16 

0 

56 

10 

*Chew  Mngna     -         -         *  » 

10 

11 

65 

10 

Chew  Stoke  - 

55 

10 

Cbewton  Mendip  -         -  - 

10 

11 

55 

10 

Chilcomptou  -         -  - 

55 

10 

•Glutton  -          -          -          -  - 

22 

0 

60 

10 

Combe  Hay  - 

55 

10 

ComptoD  Dando  -         -         -  - 

22 

0 

60 

10 

Compton  Martin      -  - 
'Corston  -         -         -         -  - 

55 

10 

51 

4 

•Downsido   -         -  - 

65 

6 

Dandry    •         -         -         -  - 

35 

9 

*I>ankerton     -         -         -  - 

17 

10 

55 

10 

East  Haiptree        -  - 

55 

10 

E<hn        -         -         -  " 

Not  given. 

Emberrow  - 

55 

10 

Englishcombe      -         -  - 
'Farmborougfa         -  - 
•Farrington  Garuey        -         -  - 

49 

6 

24 

0 

65 

10 

9 

0 

55 

10 

•Foxcote      -         -  - 

16 

7 

66 

10 

Bardisgton         -         -  - 

55 

10 

Hemington  - 

*Higfa  Littleton    -         .         .  - 

13 

6 

55 

10 

24 

0 

55 

10 

Binton  Blewet        .  . 

56 

8 

*Holcombe         -         -        -  - 

48 

6 

Kelflttm       -         -  - 

51 

0 

*Keyn8hain         -         -         -  - 

22 

0 

50 

10 

"Eflmersdon  - 

18 

9 

52 

6 

*Z<eigh-on-Meudip         -         -  - 

Not  given. 

Litton         -         -  - 

50 

10 

*Long  Ashkm     -         -         -  - 

34 

S 

Marlobnry   -         t  " 

22 

0 

50 

10 

•Mells  

43 

10 

^Midsomer  Norton    -  - 

22 

0 

55 

10 

•NaiJsea  

28 

7 

Kempuet  (with  oattyiog   portion  of 

Winford)  -         -  - 

65 

10 

•Newton  St.  Loe  -         -  - 

49 

8 

in. 


10  0 


Ft.  in. 

47*  11 

86  8 


38 

39 
9 


8 
4 
10 


14  10 
22  10 
14  10 
39  4 
14  10 

Total  - 


Fnwortloaof 


-} 


675 
1,651 
1,874 
2,232 
.  514 

711 
4,548 

900 
2,169 

827 


329 
581 
709 
110 

3,804 
659 

2^30 
291 

1,621 

667 
1,651 
1,283 

297 

367 
1,056 
4,720 
1,994 
1,618 
1,169 
1,186 

962 
1,733 
1,473 
1,151 

947 
2,766 
1,481 

606 

899 

1,994 
1,379 
976 
620 
758 
2,626 
1,143 
960 
729 
1,014 
8,579 
3,292 
111 
674 
1,138 
1,277 
2,109 
2,497 
2,858 

1,152 
1,678 


742,118,812 
19,184,300 
44,678,552 
80,379,200 
74,716,291 

2,573,190 

8,997,272 
139,553,392 

8,100,927 
98,652,096 

7,972,906 


1,226^826,440 


6,103,200 
30,289,000 
9,706,571 
6-16,000 
127,354,300 
88,368,400 
147,008,580 
4,375,846 

48,159,784 

89,206,387 
110,016,550 
115,124,000 
4,196,880 
8,117,572 
86,994,400 
316,669,506 
108,950,800 
50,383,200 
68,677,400 
64,889,721 
61,071,610 
132,362,547 
84,215,000 
69,065,725 
70,162,800 
85,826,341 
119,494,986 
24,424,640 
4,600,800 
10,424,000 
97,558,065 
98,968,395 
68,018,700 
50,675,923 
46,126,013 
163,906,087 
90,905,278 
63,985,380 
41,332,800 
56,472,000 
217,348,315 
201,015,900 
2,478,200 
31,752,820 
18,006,008 
80,078,880 
113,092^600 
208,838,607 
80,085,841 

61,253,200 
79,082,796 


8,895,764,704 


*  iSMie  nuAed  with  the  *  are  parishes  in  wfaieh  ooai  has  aotmUy  been  wnmgkt,  thoue^  not  alwsjs  In  a  tfltnnuble  quantftf. 
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4DANTITIBB  OF  CDAL  -Bf  KNOWN  COALFIELDS. 


]U.BBa)rnncK. 


Kamb  or  Fartbh. 


n. 

TUoknenctf  Coal. 


I  Upper  Series.  Lower  Series. 


UI. 

Allowaoce 

for  &alt8, 
waste,  &c. 


rv. 


Nunber  of 
Acres. 


Brought  forward       -  . 
North  8toke  -         -  - 
Norton  Hawkfield 
Norton  Malreward  - 
Norton  St.  Phillip 
•Panlton 
•Pensford 
Priston  - 

•Publow  -  -  -  - 

•Queen  Charlton 

•Radstock 

Saltford 

South  Stoke 

*  Stanton  Drew 

Stanton  Prior      -         -      .  - 
*Stoke  Lane  -         -  - 
Stone  Aston  - 
Stony  Littleton 

Stowej    _         -         -  - 
*Stratb)n-on-the-Fo6se 
Tickenham         _         -  - 
•'Kmsbury    -         -  - 
•Twerton  - 
TJbley 
•Wellow  - 
West  Harptrec 

Weston     -  -  -  - 

Whitchurch  - 
Widcomb  - 

Winford    (with    outlying  portion 

Kejilbury)  - 
•Wraxall 
•Writhlmgton 


of 


Ft  in. 

22  2 

22  0 

22  0 


24 
22 


22  0 
22  0 
19  11 


22  0 


Ft  in. 

29*' 2 
50  10 
50  10 
55  10 
55  10 
50  10 

49  6 

50  10 

50  10 
55  10 

51  4 
55  10 
59  2 


iO  11 


24  7 


17  7 


22  0 


51  4 
Not  given. 

56  10 
55  10 
55  10 
48  10 
15  2 
55  10 

28  2 
55  10 
55  10 
50  10 
37  2 
50  10 

29  0 


17  10 


55  10 
26  1 

56  10 


PropOTtionof 
the  whole. 


Unwronght  in  Somersetshire 
Unwronght  in  GlonceBtershire 


3 

TIT 


706 
511 
971 
278 
993 
44 

1,656 

1,177 
857 
912 
838 
578 

1,998 
736 
103 

1,267 

1,624 
779 

1,039 
231 

1,034 
520 
510 

3,260 
758 
839 

2,195 
414 

646 
375 
822 


Deduct  for  possible  dver  estimates  in  the  lower  series,  say  of  one  fifth 
more  on  the  deeper  seated  beds  {see  p.  16),  or  on  a  quantity  equal 
to  4,200,000,000   

Total  of  workable  coal  remaining  unwronght       -         -  - 


V. 


Total  in  Tons. 


8,895,764,704 
33,326,300 
33,335,440 
80,710,974 
10,555,147 
63,917,854 
3,992,587 
93,087,000 
104,920,087 
71,601,780 
79,343,804 
52.053,372 
14,181,600 
165,438,617 
44,426,863 
1,323,000 
79,293,800 
90,882,293 
59,805,120 
53,365,800 
2,227,280 
95,191,664 
9,663,000 
18,906,000 
217,278.817 
42,909,370 
"  22,552,389 
182,385,377 
6,595,776 

23,387,600 
5,186,262 
69,978,576 


5,717,484,542 
1,228,826,440 


6,944,310^ 


840,000,000 


6,104^310,982 


7.  SUMHAAY  AND  CONCLUSION. 

It  thus  appears  that  the  Somersetshire  and  Glouceetershire  coalfield,  although  of  small  size,  is  of 

great  depth;  l^at  while  it  extends  over  only  238  square  miles,  but  14  of  which  are  exposed,  it  has  a 
epth  in  the  central  districts  of  nofc  less  than  7,000  to  8*000  feet  The  quantity  of  coal  that  has  been 
wrought  in  diis  coalfield  amounts  to  114,0244785  tons.  All  of  this,  with  the  exception  of  £7,000  tons, 
has  been  wrought  at  a  depth  not  exceeding  1,500  feet;  the  27,000  tons  are  from  a  depth  of  from  1,600 
to  1,940  feet  Witii  respect  to  the  quantity  iinwrought,  after  allowing  for  all  causes  of  waste,  such  as 
the  waste  in  working,  for  faults,  barren  ground,  unworkable  seams,  and  other  contingencies,  there 
remains  available  for  Aiture  supplies  a  quantity  of  coal  equal  to  6,104,810,982  tons.  Or,  dividing  this 
into  zones  of  depth,  we  find  it  distributed  as  under: — 

Tods. 

1.  Not  exceeding  1,600  feet        -         -         .  .  .  1,718,791,280 

2.  Between  1,500  and  3,000  feet  1,519,997,981 

8.  „  8,000  and  6,000  „-----  2,227,681,577 
4.      „      6,000  and  9,000  „      -  -  687,990,144 


6,104,310,982 

Or  takmg  the  total  at  all  depths  down  to  4^000  feet  (see  p.  88)      -  4)21 8,970,7 62t 


*  IlKMe  maiked  witb  the  *  an  poriabes  in  which  co«l  has  actiwUy  been  Krovght,  though  not  aiwwjs  in  a  retomable  qaantitj. 
t  ffinee  eom^etiiig  this  Table  I  find  that  the  quantity  for  Chewton  Mendip  uould  be  100,065,998,  and  fior  Fahlow  104,916,087. 
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51. 


The  present  annual  quantity  of  coal  wrought  in  this  coalfield  has  been  calculated  to  from  750,000  x&.PiiBncB, 
(1859)  to  1,000,000*  tons,  at  which  latter  Mr.  Cosaham  estimated  it  in  1863.    A-doptiog  the  latter  BanuMtibSn. 
estimate,  the  quantity  of  coal  remaining  unwrought,  at  this  rate  of  consumption,  is  sufficient,  supposing 
the  whdLe  quantity  to  be  available,  for  6,104  years,  or,  supposing  a  limit  in  depth*  the  duration  of  the 
8iq>plies  from  the  respective  zones  would  be  as  under : — 

1.  Not  exceeding  1,500  feet,  sufficient  for      -         .         -         _  1,719  years. 

2.  Between  1,500  and  3,000  feet      -         -         -         -  -  1,520  „ 

8,      „      3,000  and  6,000  „   2,227  „ 

4.      „      6,000  and  9,000  „        -         -         -         -  -      638  „ 


6,104 

Or  the  total  to  the  depth  of  4,000  &et  may  be  estimated  as  equal  to  a 
supply  for  -  -  -  -  -         -  4,219  years. 


1,  S.  There  is  no  difficultr  in  working  the  first  zone  of  depth,  and  possibly  little  in  the  second.  At 
present  the  depth  of  2,000  feet  has  not  been  exceeded  in  this  coalfield;  but  it  is  well  known  that,  in 
Belgium,  coal  is  in  several  cases  worked  at  depths  of  between  2,000  and  3,000  feet  One  pit  has  in  fact 
been  carried  to  a  depth  of  3,412  feet;  but  as  the  Eupplementary  shaft  came  across  no  more  seams  of 
coal  this  part  of  the  works  was  abandoned  on  that  account,  and  not  from  any  proved  impracticability 
of  working.  We  may  assume,  therefore,  that  the  pos»bility  of  working  coal  is  proved  down  to  the 
depth  of  3,000  or  even  3,400  feet 

3,  4.  The  largest  portion  of  coal  in  this  coalfield  lira  at  the  depth  of  from  3,000  to  6,000  feet  Until 
die  shallower  measures  are  exhausted,  this  will  probably  remun  undisturbed;  but  in  future  yeaxs,  as 
our  wants  increase,  and  our  experience  becomes  grc  iter,  I  see  no  insuperable  <^culty  to  me  coak 
between  the  depths  of  3,000  and  6,000  feet  being  woriced  alscf 

-  Tlie  temperature  due  to  Bucb  depths  would  necessarily  be  high ;  but  by  means  of  an  efficient  system 
of  ventilation  there  seems  to  be  no  reason  why  the  temperature  should  not  be  brought  down  to  and 
kept  within  the  limits  necessary  for  working  the  coal,  especially  on  the  long-wall  system.  At  the  same 
time,  a  ventilation  thus  rendered  imperative,  fot  the  mere  purpose  of  enabling  the  men  to  work  at  all, 
would  have  the  important  collateral  result  of  lessening  the  risk  cansed  by  the  presence  of  any  dangerous 
gases,  and  the  advantage  would  increase  in  proportion  as  the  increased  d^tii  rendered  larger  supplies 
of  cool  air  from  the  sumce  indispensable  for  this  purpose  of  refrigeration. 

As  the  lower  series  could  only  be  reached  in  a  lar^  portion  of  the  coalfield  by  sinking  through  the 
Pennant  there  is  the  question  as  to  the  practicability  of  sinking  shafts  in  this  great  water-bearing 
rock.  This  to  a  limited  extent  has  been  proved  at  Temple  Cloud,  where  300  feet  of  it  were  passed 
through  ;  at  Bedmioster  600  feet ;  and  at  the  Goiden  Valley  pit  nearly  800  feet|  The  quantity  of 
water  in  it  cannot  be  greater  than  is  found  in  the  soft  tertiary  marls  and  sands  through  which  some 
of  the  shafts  in  the  neighbourhood  of  Mods  have  been  carried  from  300  to  400  feet  before  reaching  the 
coal  measures,  and  beneath  which  the  latter  are  profitably  worked. 

The  overlving  newer  Formations  do  not  present  within  the  limits  of  this  coalfield,  either  on  the  score 
of  their  thicicnesB  or  of  their  litholos^cal  characters,  any  serious  impediment  to  the  working  of  the  coal 
under  them.  In  the  Radstock  district  they  have  already  been  traveled  to  the  depth  of  850  to  400 
feet  to  obtfun  the  coal,  and  probably  nowhere  in  the  unexplored  district,§  west  of  the  Coal  Pit  Heath 
and  Iron  Acton  district  or  in  the  other  unproved  districts,  do  the  red  marls  and  sandstone,  with  the 
overlying  lias,  exceed  in  the  valleys  a  thickness  of  from  300  to  460  feet ;  prob^ly  it  is  generally  less 
than  that  (see  section  R)  On  the  eastern  edge  of  the  basin,  where  to  these  overlying  beds  are  super- 
added some  of  the  oolite,  the  depth  is  likely  to  be  greater.  Between  Foxcote  and  Norton  St:  Phillip 
■ii  would  be  necessary,  no  doubt,  to  sink  600  to  550  feet  to  reach  the  coal  measures.  At  a  trial  pit  sunk 
through  those  rocks  at  Comb  Hay,  five  miles  eastward  from  the  out-cropping  of  the  coal  measures  at 
Timsbury,  they  were  found  to  be  about  400  feet  thick. 

Here  again,  whilst  the  presence  of  the  newer  formations  adds  to  the  cost  of  sinking,  they  ensure  on 
the  other  hand  greater  freedom  from  water  in  the  coal  pits,  as  the  comparatively  horizontal  Red  Marls 
and  Lias  spread  over  the  bassetting  edges  of  the  Coal  Measures.  The  subordinate  water-bearing  sand- 
stones, not  being  exposed  to  the  rainfall,  are  consequentiy  kept  drier  than  where  they  crop  out  on  the 
surface. 

How  far  the  irregularis  of  the  seaios,  the  great  depth  of  much  of  the  coal,  the  uncertainty  of 
sinkhig  on  productive  measures  at  places  where  the  outcrop  of  the  coal  is  hidden  by  newer  strata, 
will  interfere  mth  the  extension  of  the  works  in  this  coalfield,  is  a  question  of  cost  and  competitive 
supply,  which  may,  for  the  present  prevent  any  rapid  progress ;  but  of  the  great  quantity  of  coal  yet 
unwrought,  whether  for  local  or  even  more  distaat  supply,  there  can  be  no  doubt. 

The  coals  of  the  upper  series,  and  a  small  portion  oi  the  lower  series,  being  within  comparatively 
moderate  depths,  well  and  economically  worked,  of  reasonably  good  quality,  free  from  dangerous 
gases,  imd  not  too  much  disturbed,  will  no  doubt  continue  to  form  the  chief  source  of  local  supply  for 
many  years.  As  this  smaller  source  of  supply  fails,  there  will  remain  the  great  mass  of  coal  of  tiie 
yet  unproved  portion  of  the  lower  series.  This  series  contuns  some  good  Imusehold  coals,  and  some 
coals  valuable  for  smith's  work  and  steam  and  smelting  purposes ;  also  some  beds  of  ironstone  which 
may  be  worked  in  conjunction  with  the  coals.   The  iroquently  shattered  and  broken  condition  of  the 


*  Even  this  amoont,  in  comparisoD  with  the  oatpnt  in  the  more  actiTely  worked  coalfieldti,  in  small 

f  See  some  ohserrationa  on  this  important  qnestion      Mr.  "W.  W.  Smyth,  "  Coal  and  Coal  HHmng,**  p.  S45.   Also  the  evidence 
(^ren  before  Committees  A.  aad  C  of  tits  C<Hmnissioo. 
t  Dr.  Boektand  mantkns  eerenl  pits  -where  at  the  time  he  vrote  ih»  Pemunt  had  hem  MtTcned  to  eonHdeim&le  dqtdil. 
%  This  diftriet  (from  Abeetwa  to  Briitol)  ie  from  tof^  to  nine  miles  long,  and  from  two  to  Uirea  nulee  Imtd. 

G  2 
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Hi^pMnnov.  coal  measures  of  the  lower  series  at  the  outcrop  is  likely  to  be  less  as  the  deeper-seated  portion  of 
them  is  reached ;  at  the  same  time  the  presence  of  gas  in  these  beds,  although  rarely  excessive,  is  a 
drawback  from  which  the  upper  series  is  free.  It  is  also  more  than  probable  that  with  the  increase 
of  cost  in  working  the  deeper-seated  coals  less  waste  will  take  place,  and  a  larger  proportion  of  the 
coals  than  I  bare  esUra^d  for  will  be  wrought  under  larger  royalties.* 

Although  the  output  of  this  coalfield  is  now  calculated  at  1,000,000  tons  annually,  it  is  impossible 
10  say  what  may  be  the  rate  of  increase  for  the  future.  At  the  prraent  rate  of  consumption,  there  is 
enough  coal  within  a  depth  of  4,000  feet  to  last  4,219  years;  and  at  a  depth  of  from  4,000  to  6,000 
feet  there  is  in  addition  a  further  store  for  1,885  years,  at  the  same  rate  of  supply.  This  rate  must 
necessarily  increase,  but  it  is  impossible  to  say  in  what  ratio.  Various  causes  hare  combined  to 
render  the  increase  of  consumption  very  rapid  during  the  last  30  years,  but  it  is  more  thui  doubtful 
whether  these  or  other  causes  will  continue  to  operate  with  the  same  force.  We  may,  however,  I  think, 
be  satisfied  with  showing  that  the  quantity  remaining  for  future  ages  is,  if  for  local  use,  as  hitherto, 
so  large,  that  like  with  a  long  lease  we  may  rest  satined  in  taking  a  term  <tf  999  years,  beyond  which 
it  concemeth  not  the  present.  This  cannot  be  considered  otherwise  than  as  a  satisfaotory  result  of  an 
inquiry  into  a  coalfieU  the  dimensions  of  which  were  known  to  be  small,  and  the  productireness  of 
which  certainly  had  not  been  generally  apprehended.t 

Joseph  Fkestwich. 


EXPLANATION  OF  PLATES. 

(TIm  ftdlowing  uw  the  partietilin  of  the  Dupa  and  Bectioos  on  the  scale  dnim  ibr  the  mora  ready  pnrpOM  of  ^the  inqniiy.  Tbey 
vill  remaiD  availaUe  for  examination,  hot  only  a  portion  of  tbem,  and  thoie  on  a  rednoed  soale,  an  attached  to  Hub  Repeat.) 


Mai  a. 
Scale  1  inch  =  1  mile. 

Geological  map  copied  from  the  mao  of  the  Geological  Survey,  with  the  coalfield  boundary  cor« 
»ected  by  Mr.  Sanders's  map,  and  with  the  addition  of  some  lines  of  fault  by  Ht,  Anstie. 

Map  B. 

Shows  the  coal  measures  with  the  overlying  strata  removed,  and  the  outcrops  of  the  coals  prolonged^ 
when  uncertain  in  dotted  lines.  This  map  shows  also  the  Severn  Valley  basin.  The  Pennant 
boundary  is  marked  in  dotted  lines.   The  position  of  the  principal  pits  are  also  given. 

Map  C. 

Shows  the  division  into  parishes  on  which  the  returns  are  based. 

Theae  three  maps  are  <«»nlnned  in  om  on  the  recUiced  scdU  of  3  mdles  to  the  imch. 


SECTIONS  OF  THE  COALFIELD. 

Scale,  horizontal  and  vertical,  6  inches  =  1  mile,  or  of -nr.irvtbs.  Datum,  mean  tide  level  at  liver- 
pooL  These  sections  are  coloured  to  a  depth  of  3,000  feet ;  below  this  depth,  the  strata  are  given  in 

outlines  only. 

A.  From  North  to  South  through  Cromhall,  Mangotsfield,  Keynsham,  Radstock,  Mells,  Witham 
to  Maiden  Bradley,  Wilts.    Length  35  miles. 

B.  From  West  to  East  through  Portskewet  in  Monmouthshire  across  the  Severn,  Almondsbury, 
Stoke  Gifibrd,  and  Coal  Fit  Heath,  to  Wapley  near  Chippiiw  Sodbuir.    15  miles. 

C.  From  South  to  North  and  North-east  through  Kenn  Moor  by  Nailsea  and  Bedminster,  to  Pyle- 
marsh  and  Fishponds.    12  miles. 

D.  From  West  to  East  through  Broadfield  Down  by  Chew  Magna,  Pensford,  Marksbury,  and 
Newton  St  Loe  to  Twerton  near  Bal^.    IS  miles. 

£.  From  West,  South-west,  to  East,  North-east  through  Chewton  on  Mendij^  by  Farrington, 
Paulton,  and  Camerton,  to  Combe  Monckton  near  Bath.    IS  miles. 

F.  From  West  to  East  through  Mendip  Hills  near  Binegar,  through  Clandown  and  Braysdown,  to 
Norton  St.  Phillip.    11  miles. 

G.  Along  the  Nettlebridge  Valley  from  Holcombe  to  Buckland  Denham.    6  miles. 

H.  From  the  Bristol  Channel  at  Portishead  by  Nailsea  and  Clapton  to  Broadfield  Down.    9  miles. 

These  sections  are  given  in  PI.  II,  on  the  scale  of  1  mile  to  the  mmA, 


Shokt  Sectioms,  1  to  d,  PL  III. 
Scale  IS  inches  to  the  mile,  or  of  v.^ths. 


1,  At  Stratton->on -Fosse       -      -      -  -1 

2.  At  Nettlebridge  -  -  -  -  These  are  all  from  the  Mendips 
8.  At  Vag  End  and  Coleford  -      -      -  northward  across  the  Nettle- 

4.  At  Luckington  and  Coleford         -  -      bridge  Valley. 

5.  At  Vobster   -J 

*  I  have  not  taken  in  anconnt  the  coali  of  the  Pennant,  thon^  some  few  coal  teams  bam  been  worked. 

t  Mr.  Hall,  in  1S61,  after  nuking  dednctioits,  and  not  taking  mto  aooooiit  any  eoal  bdow  the  depth  of  4^  Alt,  estimated  that 
at  the  thm  rate  <^  eonsumptioD  (750,000  tons  umnally)  there  was  eoal  enough  to  last  fcr  9,e«0  yean ;  whikt  Mr.  Brice,  in  1867 
condaded  that  there  renuuned  of  arailab]<>  coal  a  qoantUr  equal  to  8,080,000^000  torn 
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There  ftre  five  sheets  (Nos.  1  to  5)  of  shaft  sections,  on  a  scale  of  40  feet  to  the  inch  vertical. 

Sheets  Nos.  1,  S,  and  S  give  the  detailed  sections^  showing  the  dip  and  relative  thickness  of  oach 
seam,  at  S4  pits  in  different  parts  of  the  coalfield. 

Sheets  Nos.  4  and  5  give  two  restored  (presumed)  general  sections  of  the  entire  series  of  the  coal 
measures,  the  first  in  the  centre  of  the  Kadstock  hasin,  the  second  near  Keynsham  in  the  Bristol 
diatrict.  (I  am  disposed  to  think  rather  too  much  development  is  given  to  the  lover  series  in  Sheef* 
Na  S.)   The  following  is  a  list  of  the  sections : — 


No.1. 

1.  Braysdown  pit 

8.  Upper  Writnlington  pit 

8.  Foxcotepit 

4.  IVning  (Radstock)  pit 

5.  Wells  Way  (Radstock)  pit 

6.  Old  Qtrove  (Timsbury)  pit 

7.  Vrfa  Bottom  <antton)  pit 

No.  2. 

8.  Norton  Hill  pit 

9.  Old  Mills  pit 

10,  Farrington  Gumey  pit 

11.  Bishop's  Sutton  New  pit* 
19.  Farmborough  pit 

13.  Parkfieldpit 

j^J-Two  Nailsea  pits. 


19.  Bedminster  pit 

20.  Whitehall  pit 

21.  Kaston  New  pit 

22.  Barr's  Court  pit 

23.  New  Mills  pit 

24.  Newbury  pit 


No.  8. 


No.  4. 


lb.PBHTwiea. 
SMunataUnw 


General  vertical  secUon  near  Eeynsham  (four 
miles  South-east  of  Bristol). 

No.  5. 

General  vertical  sectioa  near  Clandown  (one 
mUe  North  of  Radstock). 


3%«  general  eeoHona  Jfoe.  4  cmd  5  orUy  are  prvnted,  and  on  a  scale  of  40  ft.  to  ^  mck. 


APPENDICES. 


APPENDIX  A. 

Secth>n8  of  Coal  Hkabubbb  as  proved  in  the  ColUeries  of  Gloucestershire  and  Somerset. 


1,^-Gaoiauu.  Pin. 


Cod: 

Coal  meafurei  - 
CnnDhiU  BotUon  MUD 

S^TArmx  BxiDov  Tin. 
Tinm  ttppmaAj  In  nuUsbme  grit 

Coal  racftforei  or  miUstone  giit  - 
Coal,  t<^  band, 


nd,     5  ft.  0  m.  tadi 

r.     0  »  «  \ 

hand,  S  „  6  „  J 


3.  — Waflbt  Fiv. 

Idas      -        -  - 

N«»  r«d  aandstone  - 

Coal  meaaom 

Bnutl^  coal  aeui 

Coal  meatnm  - 

Coal  seam        -      -  • 

Coal  meatona 

Coal  aeam,  6  in.  to  a  ft.  0  in. 

4.  — Yatb  Oij>  Prr. 

Coalmeanra  - 
Tata" little "aaam  - 
Coal  measona  - 
Tate" Hard "asaa  - 
Ooalmeamm  - 
Smith-coal  seam,  irregalar  - 
CoiJ  measores  • 
Sodboryaeam  - 
Coal  mearares  - 

Total  depth 


5. — Yatb  Nbw  Pit,  similar  seo- 
tioD,  but  not  so  deep. 


Tds.  St  In. 
1S7  0  0 

-  S  6 
24    0  0 

-  %  t 


9«  0  0 
.60 


2?  1  0 
SI  0  0 
SI  S  0 
0 
0 
0 
0 
0 


71 


s 
s 

1 

-  1 

44  1 

-  S 


100  0  0 

-  -  10 
99  S  S 

-  a  4 

29  0  8 


40    0  0 
-    1  0 
29    9  0 


Total  depth 
to  Seem. 


Tda.  PL  In. 

187  S  6 
161    5  0 


SB   S  0 


100  0  10 

200  S  4 

930  0  0 

S70  1  0 


800    0  0 


Total  depth 
to  Seam. 


6.— Bahoxwobtht  Kkw  Pn. 

Coal  mcanres    -        -  - 
Nash  ooal  (Tata  JMOb  aeam?)  - 
Coal  measores  - 
Coal  seam        -      -      -  - 
Coal  measores  - 

Coal  

Coal  measores 

Coal  (Tate  Hard  seam?)  - 
Coal  meaaoTBB  - 

Coal  

Coal  measures  - 

Coal  (Tate  Smith-«oal  seam  • 

7.— Fsoa  Lake  Pit,  CoaliMt 
Heath. 

Coalmeasnres 
Rag  coal  - 
C<»1  measores 
Top  or  Hard  seam  - 
Coal  measures  - 
Stinking : 
Coal 

Hollybnah  i 
Coal: 

High  seem  (in  two  bands)  - 

Mat's  Hm,  Pit. 

SnccesBion  of  seams  umilar  to  the 
last ;  the  total  depth  to  Higji 
seam  being  18S  yards. 

9. — Qbotb  Pit. 

SoccesnoQ  of  seams  similar  to  the 
above ;  the  totaa  d^  to  High 
■eam,  bring  4S  yards. 

10.— OxBBiDoa  Pit. 

Sqooession  of  nnnrn  similar ;  total 
I    d^h  to  High  aeam,  9«  yaida. 


Tdi.  PL  la. 
IS   9  0 


38 


8 
1 
98 


10 
1 


181    S  S 

-  -  10 
5  1  0 
-SO 

98  9  C 

-  -  6 
0 
0 
0 
0 


8  1 

-  8 
S9  9 

-  4 


Tda.  PL  In. 

14  1 

47  a 

»7  0  0 

83  9  0 

90  9  • 

102  3  6 


152  0  0 

188  0  0 

189  0  0 
186  0  0 

210  0  0 


*  The  seams  at  tl^j^an  named  after  the  npper  series  bnt  th«y  mw«  resemble  the  lov«ri3rica,  and  we  baTe  dwiefore  {daeed 
them  there. 

G  3 
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QUANTpnBS  OF  COAL  IN .  KffQffK  CQAIiFIBLDS. 


Bo— iifcMgfc 


Total  depth 
to  Seam. 


ll^UFnia  Whumt  Pit. 

SneceBBim  of  mwTnn  dmilar  ;  total 
cl«pth  to  ffigh  warn,  70  jmtOB. 

15,  — RtOTTT.T.  Fit,  Coaliot 

fleath. 

Bncceesion  of  seams  sinillar  to  the 
oOieT  pits  in  Coahit  EteaUi ; 
total  depth  toEOgn  Beam,186 
yards. 

18. — Chubxjhlbazb  Pit. 

Succession  of  seams  similar  to  the 
above;  total  d^th  to  Hig^ 
seam,  llOyardi. 

14. — Sbrbidoe  EiroiNB  Fit, 

Succession  of  seams  umilar  to  ^la 
above :  total  depth  to  High 
seam,  83  yards. 

15.— Nmw  EKaim  Pit. 

Bneeession  of  seams  similar  to  the' 
above  i  total  depth  to  9igh 
seam,  168  yards. 

16.  — Lower  Whimbet  Pit. 

Snoces^uHi  of  aeatns  Similar  to' the 
above  i  total  depl^  to  High 
seam,  83  yards. 

17.— PAKKOATB  Pit,  Westerleigh. 

Reddish  gnmnd  (coal  measures)  » 
Coal  measores,  frith  stains  of  coal 
Coal  seam 

Faulty  ground  to  200  yards  depth. 

18.  — Brandybottom  Fit,  near 
Focfclechnrch. 

I^oal  measures  -      -  - 

Hard  seam  - 

Coal  measures  - 

Slinking  seam  t  - 

Coal  measures  - 

Top  seam  -  -      -      •  "  - 

Coal  measores  -  - 
Ho^buflh  seam'       -      -  - 
Coal  measures 

Great  seam  .      .      .  - 


Yds.  Tt,  In. 


19.- 


-Old  Emoimb  Pit, 
Shortvood. 


80.— Tobker's  Pit,  *c 

In  these  and  several  others  at 
Shortirood,  the  snooession  of 
Beams  is  similar  to  that  of  die 
lift ;  the  depth  to  the  Great 
.  befaig  140  yards. 


90a.— MAlTOOTaitBLD  Pits. 

Coal  measnret  (Pennant  rock)  - 
Mangotsfield  Upper  seam 
Goal  measures  (Fetmant)  - 
Bfangotafield  Lower  seam  - 

SI. — SiSTON  OOMMOK  FlTB. 

Coal  measures  - 

Ffve-coals  seam,  consisting  of — 

Top  coal,  8  in. 

Stool'b  legs,  8  in. 

Benclpng  coai,  14  in. 

Smith        S  ft  3  in. 

Thnrftr,  S  ft  8  in. 
Coal  measnr^ 
Great  seam 
Coal  measorea  - 
OiUer's  Inn  qeam 
Coal  measures 
Idttle  Toad  seam 

Total  depth  about  SCO  yards. 

S8.— <*  M^B-FOR-BVSR  "  Pit. 

Boccessicni  of  senms  similar  to  the 
last  ;  total  depth  to  Great 
seam,  130  yards. 


Tds,  Ft.  In. 


10  0  0 
88   0  0 

-    1  0 


170 


0 

-  2 
11  1 

-  1 
1 
S 
1 


19 


11 


2  6 
0  6 

3  6 


108    1  4 

-30 
10    0  0 
-    1  8 


1  0 


-  a 


? 

6 
? 

1  6 
T 

2  3 


48     1  0 


170 

3 

0 

183 

1 

6 

SOS 

2 

0 

SIS 

S 

6 

924 

2 

6 

109  I  4 
120    0  0 


S8r— SuFu  Bill  Fit. 

Coal  measures  ... 

Hen"  seam  .... 
Coal  measores  ... 

34. — CHELXBinuM  Pit,  . 
Kngawood. 

Coal  measured     -  .  - 

Stony  seam  .  .  -  _ 
Coalmeasnres  - 

Smith  coal  seam  ... 

SS.— TmnriB  Court  Pit, 
Wannley. 

This  pit  was  sunk  in  a  fimlt,  aad 
therefore  no  seams  were  met 
with. 

26.— Crowk  Pit,  Wannley. 

Coal  measures  ... 
Uttle  seam  (good  round  ooal) 

Coal  measures  -  — 

Pound  seam  -      -  . 

Coal  measures  -         .  . 

Bagged  seam  - 

Coal  measures  - 

Great  seam  - 

37 — BATmnn's-Pira  (GrimS' 
bury)  near  WarmUiy. 

Seams  similar  in  succession  to  the 
laet  i  toul  depth  to  Great 
seam,  160  yards  in  Deep  pit. 

38.-^ocK  BoAD  Old  Pit, 
near  Barr^s  Court. 

Cbal  measures  -  .  - 
Great  seam  very  irregulir,  from 

0  to  6  feet  - 
Coal  measures  - 
Two-feet  seam   -      -      -  - 
Total  depth  of  pit,  SS6  yards. 

29. — SoinTDWEU.  High  Ptt. 

Coalmeasnres     .  .  . 

£^  coals  seam  (6  ft.  0  in.  usually) 

Coal  measures     -  - 

TTinrfer  seam  -      -  - 

Coal  measures  - 

Great  seam  -      -  - 

Coal  measures  ... 

GiUers*  Inn  seam  ... 

Coalmeasnres     -  .  - 

Ijttle  Toad  seem  ... 

Coal  measures     -  -  - 

Slate  seam        -  -      -  - 

Coalmeasnres  - 

Stony  seam  -      -  - 

Coal  measures  - 

Smith's -coal  seam  - 

Coal  measures  - 

Hard  Venture  seam  -      -  - 

30.  — SouHDVBLi,  iSmmx  Pit. 

Snccesnon  of  seams  similar  to  the 
last ;  the  depth  to  each  about 
the  same. 

31.  SOUNDWELT,  LoVEB  PiT. 

Succeiwion  of  warns  similar  to  the 
last ;  depth  to  Gve-coals  seam, 
120  yards. 

32.  — Great  Dioot  Pit, 

Kingswood. 

Succession  of  seams  similar  to  the 
above  ;  depth  to  Little  Toad 
aeam,  140  yards. 

33.  — Little  Dicot  Fit. 

Succession  of  seams  similar  to  the 
above  ;  depth  to  little  Toad 
scam,  130  yards. 


Td^.  Ft.  In. 

t 


63    0  0 
-SO 
7    1  0 
t 


100 


18 
S9 


0  0 

1  8 
1  4 
S  8 


0 

-  4 

.82  2 

-  4 


Total  depUi 
toBaam. 


Yds.  Ft  In. 


80  0  0 
40   O  0 


160 

0 

0 

3 

6 

150 

3 

6 

6 

2 

6 

2 

0 

198 

S 

0 

16 

1 

0 

3 

6 

175 

3 

« 

13 

2 

6 

1 

6 

190 

1 

6 

24 

1 

6 

2 

.0 

215 

2 

0 

-30 
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Total 
to  S 

dc^th 
earn. 

34. — Shsphbkd^b  Ehoot  Fit, 

Yds.  Ft 

In. 

Tds.  Ft 

In. 

Coal  meiuniTefl  - 

19 

1 

9 

] 

8 

A 
V 

0 

Coal  measores     -         -  • 

a 
9 

n 
U 

.  0 

0 

0 

n 

0 

Coal  measoTM    -        -  - 

79 

A 
V 

0 

Shellr  (dndc?)  Mun  - 

n 

0 

1  TA 
1  iv 

n 

V 

0 

\^au  nicnwivB     •          •  » 

10 

0 

0 

1 

8 

MO 

1 

8 

35.— Doo  Pit,  Eingswood. 

SnooeBaon  of  seuni  ininiiar  to  t  nat 

in  tne  Dowuiweu  pus  ;  oepcii 

to  Elve'^OfllB  mam,  80  yard*. 

30,  Cabtlb's  Kidgbwat  Pxt. 

Coal  jneaaarea  (Pemuuat  grit) 

100 

0 

0 

Cockuaju  - 

8 

0 

lOI 

0 

0 

Coal  measiires  (Pennant)  - 

50 

0 

0 

Chick  Beam  - 

6 

IBl 

0 

R 

Coal  meaniKs  pennant) 

90 

0 

0 

Hen  seam 

— 

8 

0 

SOS 

0 

6 

ri/uil  mAUomw       _            _  — 

100 

0 

0 

Seut  CUtUe  Toad  Main  ?} 

I 

8 

100 

1 

88.— BoTAL  OiK  Fit, 

EingBTOod. 

Coal  mNSirea  - 

40 

0 

0 

Parker*!  Top           -      -  - 

1 

3 

40 

1 

2 

39,— Pabkbb'b  Gkotoid  Fit. 

Ccu  meainns    .        *  - 

IB 

0 

0 

msnr  fl  xop  leun  - 

*" 

1 

3 

1 

1 

Coalmeisniei    -        -  - 

18 

1 

b 

a 

9 

Seam  (Farkei'B  Middle  feam?)  - 

"" 

0 

82 

9 

0 

40. — "Sww  LoDOB  Pit. 

Coal  measures     -         -  - 

no 

0 

0 

mrngia  XOp  II  Hill       -        _  - 

_ 

1 

A 
S 

110 

1 

2 

Coal  meaaores     -         -  - 

9 

I 

10 

f  arkerB  Juiaate  seam 

_ 

S 

2 

ISO 

8 

3 

Coal  meaaores    -        -  - 

IS 

0 

10 

10 

134 

0 

10 

41.— liODGB  JrlTf  JUDgBWOOO. 

Coal  measorea  - 

n 

0 

Pig's  Cbeek  seam  - 

1 

1 

84 

1 

1 

.CMlmeasaies     -         •  - 

A 

V 

1 

11 

Norman's  a«am  .      -      -  - 

1 

0 

44 

1 

0 

Coalmeaanres    .        .  - 

OV 

0 

Hard  or  HtJe  seam  - 

1 

5 

104 

I 

fi 

Coal  measnrea     -         -  - 

19 

1 

7 

Cnekoo  seam     •      .      .  . 

1 

0 

124 

1 

0 

Coal  measnrea  - 

15 

2 

0 

Fivfr^oalB  seam  -      .      -  . 

8 

it 
0 

141 

0 

D 

In  tarn  bands. — Top  coal 

Ten-inoh  - 1 

Fnflt      -  r 

Coal  measnns  - 

IS 

S 

6 

Thnrfer  seam     -      -      -  . 

1 

4 

194 

1 

Coal  measores     .         -  . 

15 

1 

8 

Oreatseam  - 

4 

6 

170 

4 

6 

Coal  measures  - 

18 

1 

6 

GiUei's  Inn  seam  (had)  •• 

1 

8 

190 

8 

Coal  measures  ... 

19 

1 

4 

Little  Toad  seam  - 

I 

I 

210 

1 

1 

42, — DcircoMBB  Fit,  Kingswood. 

SaoocBuon  of  seams  ■"■nlir  to  that 

in  the  Lodge  pit  abore. 

M^VuDon'a  Fn,  Kingswood. 

PCTHi"  uniiar  10  looso   m  tne 

■bore  ;  d^th  '  to  Tbrntn 

seam,  ISOyaids, 

44. — Sfubdwxll  Pit, 

Kingswood. 

Coal  msasans  with  sereral  amsll 

seams  -         -         <■  _ 

80 

0 

0 

1 

10 

80 

1 

10 

Coal  measures     -  ... 

189 

1 

•«» 

01(1  or  Upper  Toad  seam  . 

6 

SSO 

S 

6 

44.— SrasDWELL  Fn— ami. 

Coal  measores    -         -  - 
Hole  or  Haxd  seam    -      -  - 
Coal  measures  ... 
Five-Kjoals  seam  -      -      -  - 
Coalmeasorea  - 
Thurferseam    -      -      -  - 
Coal  measures  - 
Great  seam       -      -      .  - 
Coal  measures  - 
Ciller's  Inn  seam  - 
Coal  measores     .         .  . 
Little  Toad  seam 

46. — Dkkp  Pit,  Kingswood. 

Snooession  of  seams  sinular  to  tJie 
last;  depth  to  Great  Seam, 
426  yards. 

46.  — Aia  BiLLOon  Fit, 

Kingswood. 
Coal  measures  ... 
Drake  seam  .      -  . 

Coal  measores  - 
Scrag  seam  - 
Coal  measures  - 
Smith-ooal  seam  - 
Coal  measures  ... 
Dolly  seam  - 

Total  depth  of  plt»  900  yards. 

47.  — Chew's  Holb  Fit 

Coal  measores  - 

Millgritseam  -      .      .  . 

Coal  measmes  ... 

Bagseam  -  .      -      .  . 


48.— Old  FnaiuitaH  Vn, 
Bristol. 
Coal  measores  (Pemumt  grit) 
Francombe  seam 
Coal  measures  (FenDant  grit) 
Millgrit  seam,  No.  1  - 
Coal  measores 
Millgrit  seam,  No.  9  - 
Coal  measures 
Bagseam  - 
Coalmeasotea 

Devil's  seam     .      -  ~ 


49.— Nkw  Ptlbmaksh  Fit, 
near  Bristol. 
Coal  measar«a  (Feoiiant  grit) 
Millgritseam  ... 
Coafmeasnrea  - 
Bag  seam  -      -      -  - 
C(mJ  measures 
Devil's  seam     -  - 
Coal  measores 

Buff  seam  .... 


60.— Old  Eabtoh  Pit,  Bristid. 
Seams  rimilar  in  suooeesion  to 
those  in  tin  vppw  part  of 
EastonNewid^  see  seetum; 
depth  to  Old  Toad  seam,  200 
yaids. 

51. — FssirrwELL  Road  Pit, 
BristoL 

Coal  measores  ... 

Hard  or  Hole  seam  ... 

Coal  measures  - 

Five-coals  seam        -      -  - 

Coal  measures  - 

Thorfer  seam  .... 

Coal  measnrea  - 

Great  seam       -      -      -  - 

Coal  measores  - 

Griller's  Inn  seam  - 

Coal  measures  - 

little  Toad  seam  - 

52.— CjUJFOHmA  Frr,  Hanham. 

Coal  measores  (Peonant) 
Figsesm  .      .      .      .  . 
Coal  measures  (Pennant) 
Francorahe  seam  - 


Yds.  Ft  In. 

89  0  6 

-  1  2 
24  I  10 

-  1  4 
14  1  8 

-  1  8 
11.  1  9 


1& 


1  -  8 
1  4 
-10 


SI 


.60 


19 


31 


19  I  8 
-    1  0 


40 


0  0 
-    2  6 
19    0  S 
Variable, 


«   0  .0 
-    1  0 
93    2  0 


79 


110    0  0 
-    S  6 
99    0  6 


28    0  0 


93  0  0 
VsriaUb 


60  0  0 

-  1  4 

16  1  8 
-90 
fi  1  0 

-  I  4 

17  1  8 

-  4  6 
20  1  6 

-  1  10 
37  1  9 

-  1  6 


"  ICKPnasTwioE. 


-  1  0 

-  - 10 


G  4 


60  1  6 

81  0  0 

118  1  4 

189  1  0 


40  9  6 
60   0  0 


6  1  0 

60  s  e 

70  9  • 

80  1  6 

160  0  0 


110  2  6 

140  0  0 

168  0  0 

260  0  0 


60  1  4 

76  3  0 

63  1  4 

100  4  6 

122  1  10 

160  1  6 


80    0  0 
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Google 
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QUANTITIES  OF  COAL  IN  KNOWN  COALFIELDS. 


59.F— Cow  HORK  JSXLL  fnv 
'Warmle^. 

CotI  IneMnres  (Fcmaiit) 
Millgrit  Beam  - 
Coal  meamres 

Rag  Beam  -      .       .  - 

Coal  measoTM  - 

BiifF  mm  -      •      -  ■• 

Coal  measnres  - 

Parrot  seam  ... 

Coal  measures  - 

Little  or  Brimitons  Hun  - 


54.— HoLi  IiiKB  Fit,  Waimley. 

Coal  measorea  (Fwumt)  (irith 
Fjg  seam  andFraneombe  seam) 
Millgrit  seam  -  -  -  - 
Coal  measoiM  -  -  - 
BaRseam  .  -  -  -  - 
Cod  iDeanres  -  -  - 
DerU'Bsaam  -  .  -  - 
Coal  meaaoreB  -  .  - 
Baff  team,  rariable  - 
CoalmeaamM  -  -  - 
FiBirotaem  - 

55  Butt  HjlWB  Pit. 

Snccaarion  of  seama  Bunilar  to  last. 

5      New  Golden  Vallet  Pit, 
Bitton, 

Coal  measurefl  (Pennant  grit,  -with 
thin  Fig  and  Francombe  seams) 
Millgrit  seam 
Coal  measoiea     .    .  - 
Bag  seam  -      -  - 

Cool  measnrea  - 
Deril's  seam      -      -      -  - 
Coal  measures     -         -  - 
Bnffseam  -      -      -      >  - 
Coal  measures 

Parrot  seam      -      -      -  - 

Goal  measures  - 

Little  or  Brimstone  aeam  - 


S7.— GoLDEK  VjuxBr  Out  Vrr. 

Coal  measures  - 

Millgrit  seam  - 

Coal  measures    -        -  - 

Ragseam  -      -      -      -  - 

Coal  measnrea     -         -  - 

Devil's  seam      -      -      -  - 

CoalmeasoTes     -         -  - 

Buff  seam  -      -      -      -  - 

Coal  measures  - 

Parrot  seam  -      -  - 

Coal  meaanrea    -        .  - 

little  or  Brimstone  seam  - 

Coal  measures  - 

Mnxen  Beam  (bad)  - 

Goal  measures    c         -  . 

Coking  coal  -      -  - 

Coal  measures  - 

New  SmittiVeoal  aeam 

Coal  measnrea  - 

Kenn-Moor  seam  - 

58.— Globe  Fit,  Nevton 
StLoe. 

Coal  meaBDTes  (Fflnnant  gr^) 

Millgrit  seam  - 

Coal  measores  - 

Bag  seam  -  -      -      -  - 

C<mI  measures  -         -  - 

Coke  seam  -      -      -  - 

Ooalmnsures  - 

Little  seam  - 

Goalmeasarca  - 

Black  seam  -      -      -  - 


59. — Startbau,  Pit, 
Bedminstcr. 


Goalmtaaorea 
Top  seam  - 
Coal  measures 
Great  seam 
Coal  measnres 
tittle  seua 


Tds.  Ft  In. 
8   0  0 


4  0  0 
70   0  0 


40  0  0 
S   0  0 


100 


15 


69 


26 


15 


69 


6d 
18 


51 


15 


6  0  0 
-40 
S  0 
1  9 


168 

0 

0 

2 

6 

15 

0 

6 

9 

0 

69 

1 

0 

6    0  0 


40    0  0 
-    1  9 
n    I  3 


0  0 

8  6 

0  6 
2  0 

1  0 


6    0  0 


40    0  0 
-    1  9 
11    1  S 


1    1  0 


100    0  0 
-20 


1  0 

1  9 

I  3 

8  0 

0  0 

-  s  a 

U    0  10 

-  3  6 


Total  depth 
to  Seam. 


Ydfc  In.  In. 
6   0  0 
10   0  0 
80   0  0 
ISO   0  0 
128   0  0 


101  0  0 

116  1  6 

1S6  0  0 

19S  1  0 

tSO  1  9 


168 

2 

« 

184 

9 

0 

254 

0 

0 

960 

0 

0 

800 

1 

9 

312 

0 

0 

8 

9 

6 

24 

2 

0 

94 

0 

0 

100 

0 

0 

140 

1 

9 

153 

0 

0 

968 

2 

0 

819 

9 

0 

826 

2 

0 

100 

9 

0 

108 

1 

0 

161 

0 

0 

178 

2 

8 

189 

0 

6 

58 

0 

0 

3 

8 

59 

0 

8 

38 

2 

9 

8 

8 

98 

3 

8 

26 

3 

4 

1 

6 

128 

1 

6 

59.— Stabtull  Piv--<e«t 

Coal  measures 
Toad  seam  - 
Coal  measures 
Smith's-coal  seam 
Coal  measures 
Ashton  Vale  Top  aeam 
Goalmeasnres 
Ashton  Great  seam  - 
Coal  measnies 
Ashton,  Idttle  seam  - 

60. — Bear  Lahb  Fit, 
Bedminiter. 

Loam,  &c.  - 
Sandstone  rook  - 
Shale  and  mbbish 
Coal  seam 
Underetay  - 
Stone  - 
Shale  - 

Stone  ... 
Shale        .      .      .  - 
Pennant  stone 

Underclay  .      -      -  - 
Shale  ... 
Stone  .... 
Shale  - 
Coal  aeam  - 
Underdajr 
Stone  - 
Underclay 

Hard-stone       -      -  - 
Stone  and  rubluBh 
Hard-stone  ... 
Underclay 

Top  seam  (nsnally  8  ft.  8  in.) 
Underday-      -      -  - 
BobUah  - 

Tc^  seam  atone  .      .  - 

Underclay 

Shale  .... 
Stone  - 

Shale  .... 

Black  mbbish 

Underclay 

Shale  - 

Great  Seam  stone 

Shale  - 

Coal  glaoge  ... 
Coom  dung  ? 

Great  seam  ... 


61.— Qui  Ehsihe  Fit, 
Bedminster. 
Soccesmott  of  seams  Rmilar  to 
PeanLaneiHt;  depth toGreat 
seam,  120  yards. 

62.— Gbbat  EnaiyB  Fit, 
Bedminster. 

Seama  aimilar  to  last)  depth  to 
Qieat  aeam,  844  yards. 

68.— Maljloo  Yalb  Fit, 
Bedminster. 
Nev  red  sandBtoiie  ... 
Fennantrock      .         .  . 
Millgrit  seam  - 
C!oal  measnres  (FMmuit) 
Bag  seam  -      -      -      -  - 
Coal  measures  (Pennant)  - 
Devil's  or  Blaclc  warn 
Coal  measures  (Hard  sandstone)  - 
Coal  measnrea    -        .  . 
Bednunster  Top  aeam  ... 
Coal  measures    •        -  . 
Bedminster  Great  seam 
Coal  measnres  - 
Bedminster  little  seam 


64.— TO01TOWOOO  Fit,  Nailaea. 
Pennant  rock  .  .  .  - 
Coal  measures  -  .  . 
White's  seam  - 

65.— Fablb&'b  Fit,  Nailsea- 
Coal  measures  ... 
White's  seam    •      .      .  . 


Tds.  Ft.  JjL 
113   1  6 
-    1  0 
55   2  0 


14 


S3 

52 


SI 
1 


19 


8 
1 
1 
10 
4 
9 
7 

9 
4 
4 

3 
3 

4 
3 
5 
8 


-  1 
1  1 


IS  0  0 

18  1  6 

34  0  « 

-  1  6 


2    0  6 


0 
0 
6 
0 
6 
0 
0 
2  6 
0  0 
0  0 
2  0 
0 
0 
0 


1 
9 
0 

1  6 

2  0 


9  6 

0  0 
2  6 
0 
0 

1  0  0 
-26 
-38 


84  0  0 
134    0  0 


924    0  0 


36  0  0 
38    0  0 


17  0  0 
111    0  0 

-30 


104    0  0 
-30 


Tda.  Ft.  Ll 
940  1  0 
996   0  0 

810  9  e 

384  5  8 
888    9  4 
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ME.  pRBsmnoB.— souERSBTsantE;  •  '  •  •  57: 


Total  depth 

Total  depUl 
10  Seam. 

to  Seam. 

tS^Kcw  Shoiitb  Pn, 

Yds.  Ft. 

In. 

Tda.  Ft 

7S.-— Gahkbioii  Oud  Frr— epat 

Tds.  Ft.  In. 

Yds.  Ft  In. 

C(wl  meuiuci    -        -  - 

ISO 

0 

0 

1 

3 

396 

0  s 

3 

0 

ISl 

Q 

Q 

Coal  measures     -         .  - 
Under  Little  seam  ... 

11 

0 

0 

307 

- 

1 

0 

1  8 

67.— Ooxjnir  Vaixet  ViTi 

Coal  measnres     -         .  • 

9 

0 

0 

9 

816 

3  0 

86 

0 

0 

a 

0 

37 

0 

0 

7S. — Hadfohd  Fit,  Soowrseti 

rimil  TnAftJtitiVff      «            _  _ 

9 

0 
1 

Q 

4 

46 

1 

4 

New  red  sandstone     *      .  • 
0<ml  measures  ... 

CfOttl  nuofiirAs    •        ■  > 

11 

1 

8 

Kailies  Uttle  seun     -      .  - 

1 

S 

58 

1 

s 

3 

8 

280 

3  1 

Coal  meamres    -        -  - 

59 

0 

10 

Coal  measures     -         -  - 

14 

0 

0 

Golden  Valley  Top  aeam  - 

1 

e 

118 

1 

8 

1 

6 

399 

0  8 

Coal  meunm  - 

15 

1 

4 

Coat  measures  ... 

14 

0 

0 

Uoiden  Valley  uoaer  seam 

2 

9 

184 

3 

9 

1 

2 

809 

1  10 

Coal  measures     -         -  - 

66 

0 

3 

Coal  measures  ... 

24 

0 

0 

0  10 

BaeWell  Little  seam  - 

1 

8 

SCO 

I 

8 

a 

0 

384 

Total  dejrth  of  jHt^  810  yardf. 

Coftl  measures     «         .  . 

14 

0 

0 

Undn  Little  seam  ... 

- 

1 

8 

£  U 

08>— Msw  irrr,  flatiMa. 

Coal  measnres  ... 

Coalmeaaom    .        -  - 
Top  Q<ddea  Valley  Beam  - 

70 

0 

1 

0 
8 

70 

I 

8 

JrADLTOK  HILL  ITT, 
Inferior  oolite    .      ,      _  _ 

AO  — Pun.TAif  dfntm  l^ir 

VWt^^M.  Ab4">V^    iAsnv^^A  ^UMm 

Lias  .... 

New  red  sandstone  ... 
Coal  meuures     .         .  - 

Coalmeanres  - 

116 

0 

0 

196 

0  0 

Great  seam       -      -      -  - 

— 

2 

0 

116 

2 

0 

Coal  measQTOS     _         _  ^ 

IS 

0 

0 

Coal  meamres     -         -  - 

11 

1 

0 

313 

0  0 

Upper  little  seam      -      -  - 

1 

6 

1S8 

1 

6 

C<^  measnrei  ... 

16 

0 

0 

Coal  meaanrea    -        .  * 

S7 

1 

6 

888 

0  0 

1 

1 

156 

1 

1 

Coal  measores  ... 

S4 

0 

0 

Coal  meaaons     *         >  - 

S7 

1 

11 

852 

n  0 

1 

10 

184 

1 

10 

Coal  inManiwa  _ 

16 

0 

0 

Coal  measures  ... 

11 

1 

2 

868 

0  0 

196 

0 

0 

Coal  measures    .        -  _ 

14 

0 

0 

Coal  measures     -         -  - 

asa 

0  0 

- 

9 

_                 -rw  -n. 

7a.-^rA1ILT01f  HAM  FiT. 

w T?  f  TThv  Hir  T  "Pit  yiaat 

f  V*^^IT  AvAVft    J.|lijaj    .^lAf  UCtM 

Radstock. 

Idas       .        .        «  « 
New  red  sandstone  ... 

Mew  red  saodstODe 

U 

0 

Coal  measures  ... 

MagnesuiD  coo^omoste 

2 

0 

0 

lTi*pnf  VATn          _        _        .  ^ 
utcafc  D^s4u           .         .         k  . 

2 

4 

118 

8  4 

Coiuineaaures     .         .  - 

80 

0 

0 

Coal  measnres  ... 

16 

0 

0 

2 

2 

120 

2 

s 

XVII  J-MiUC  BCUil                                 —  — 

1 

8 

1S9 

1  0 

Coal  measures     -         -  - 

IS 

0 

10 

Coal  measures     .         -  - 

16 

0 

0 

Top  little  aeam  -      .      -  . 

— 

1 

S 

183 

1 

6 

I 

8 

14S 

a  8 

CoalmeasoKt    -        -  . 

8 

0 

0 

Coal  measures  ... 

24 

0 

0 

141 

2 

0 

s 

4 

170 

a  0 

Coal  measures  - 

12 

0 

0 

Coal  measnres  ... 

16 

0 

0 

1 

8 

154 

0 

8 

Under  Little  seam 

- 

1 

6 

187 

0  6 

Coal  measores  - 

33 

0 

0 

18 

3 

4 

188 

0 

0 

/D. — VI  RAX  Flit  LD  nEW  JrlT. 

CMlnuanires  ... 

0 

0 

Under  IdtUe  seam     .      .  - 

1 

s 

901 

1 

8 

Coal  imiByilfH  ... 

168 

0 

0 

Cod  meaaom    .        .  - 

10 

168 

0  10 

Coal  measnres    .        .  _ 
Streak  or  ?3iree>coal  seam  ~  ~ 

80 

0 

0 

8 

0 

199 

1  10 

Coal  measures  ... 

14 

0 

0 

pMeoek  ipaiH     _       •       ■  _ 

Coal  measures 

16 

1 

0 

8 

0 

314 

0  6 

New  red  sandttone  - 

tattle  or  Dabchick  seam 

I 

6 

380 

2  0 

Coal  measures  - 

Coal  measnres  ... 

70 

0 

0 

Great  seam       .      .      -  . 

s 

a 

50 

2 

8 

— 

2 

6 

301 

1  6 

Coal  measures  - 

IS 

0 

10 

Coal  msasniBS  ... 

Topli^seam-      .      .  . 

— 

1 

6 

70 

1 

6 

1 

0 

Coal  measnres     .         ■•  . 

19 

I 

8 

Coal  measures  ... 

1 

8 

90 

1 

8 

10 

f^fukl  mMiHnnHi      _            ^  _ 

Vv^^  UtCBDIU  CO            ^                        %  B 

29 

1 

A 

m 

ireniiEDt  rocK      -  - 

2 
0 
1 

4 

8 

a 

130 
185 

2 
1 

4 
S 

Coal  measures  - 
TTnderLltUesetm     -      .  - 

14 

77>— TttHTZJi  Uloud  Rt,  near 

_  It  -1 

Goal  measures    -        -  - 

In 
111 

1 

1 

10 

146 

0 

0 

Pennant  rock  ... 

100 

0 

0 

Coal  meaanrea    -        -  . 

T^nple  Cloud  seam    -      .  _ 

ninoqnoh  aeam  .      -      .  . 

CoalmeMotet    -        .  . 

188 

0 

0 

lo.—mSEOr  S  DtmON  ULD  Jrrr. 

72. — Caiouitos  Old  Vtt. 

New  red  sandstone  ... 

40 

0 

0 

New  red  sandatwe  ... 

Coal  measnres  - 

80 

0 

0 

3 

4 

181 

0  4 

Coal  measnres  ... 

Coal  measures  - 

10 

a 

8 

2 

3 

230 

2 

3 

isa 

0  0 

Coal  measures 

24 

0 

0 

Coalmeasnna  ... 

13 

0 

0 

1 

8 

255 

0 

11 

3 

0 

144 

a  0 

Ccttl  measures     -         .  - 

16 

0 

0 

Coal  measnreit  ... 

12 

0 

0 

1 

1 

S71 

2 

0 

Smith -coal  seam  ... 

a 

4 

U7 

1  4 

Coal  measores  - 

24 

0 

0 

Coal  measures 

n 

0 

0 

18488.  Vol.  L  H 
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Google 


QtrAmrnss  or  o<ux*  w.  nfomr  eoALnxLDs. 


78.— BuHOP*!  Simoir  Ou>  Pn 

IdtdAseom  .  .  .  . 
Coalmeanres  .  -  - 
Seam       .      -      -      _  - 


79.— Nbw  Bock  Pit. 

Magneriaa  conglomerate 

Pemuuit  grit 

OkkbeKam 

Fcnnant  grit 

Two-coal  seam  - 

Coal  measores 

Small-oool  seam 

Coal  meararee 

Workoy  coarae  - 

Coal  measDiea 

Garden  course    -       -  - 


Tdi.  Ft  In. 
-   1  11 
11    0  0 
_   _  » 


8  0 

I  8 

1  6 

S  B 

S  0 


Total  depth 
to  Seam. 


Tdc  Ft  In; 
168   0  S 

180    1  0 


486    0  0 


80.-^-S«lBTLBAZB  Fit. 
Coal  measures 

Great  oooiae      .      -  . 
Coal  meanxei 

Total  depOi  of  jnt,  180  jaxdJt. 

81.— Stkaf  Fn, 

Coal  meamrea 

Strap  seam  - 

Coal  meanires 

Great  coarae  ... 

Coal  measorea  • 

FireatODe  coarse 

Cool  measoreB 

Little  course      -      -  - 
Depa  ofpit.asi  yarda. 


Yds,  Ft  In. 


4  0 


54 


0 

-  1 
117  1 

-  4 
90  S 

-  9 
81  0 


Tdi,  Ft  In. 


APPENDIX  B. 


List  of  Coal  Sbamh,  with  Remarks  on  each,  stating  for 
what  purpose  used,  chancter.  and  quali^. 

The  highest  beda  m  l^e  coalfidd  ire  tiiose  woi^ed  at 
Sadatook^wfafoh  also  extend  east  and  west  to  Writhlington, 
and  FanUon,  and  northward  to  Clandown,  Camerton, 
Timsbitrjr.  and  Chitton. 

ThA  ■earns  in  tius  series  ate  as  follows  ^— 

1.  Wttliy  MIU  team.  Occurs  in  the  pits  at  Clandown 
and  Radford.  Generallj  less  than  12  inches  thick.  In- 
Ibrior  in  qnalilj  and  never  wrought. 

A  seam  also  occurs  here  csJled  the  "  Ore "  seam  of 
^iwilfp  description,  and  a  little  below  the  ^^thy  Mills 
seam. 

2.  Cfr«a(  MOW  (of  Radstock).  A  nvy  good  bituminous 
eoal,  well  fitted  for  domestio  use.  This  seam  nuuntains  its 
ohancter  and  gmeral^itB  thickness  (26  inches)  throughout 
its  whole  tan^^e.  At  Brarsdown,  eastward  of  Radstock, 
the  coal  becomes  very  tender,  hut  the  qualitj'  remains  good. 
Generally  speaking  the  coal  is  hard.  Wevht  of  a  cubic 
foot  about  81  lbs.   The  colour  of  the  ash  is  Drown. 

At  the  Fry^B  Bottom  Colliery,  the  farthest  point  to  the 
north-west  where  tiiis  seam  has  jet  been  wrought,  it  lies 
in  two  bajids,  six  fiathoms  apart,  the  upper  band  being 
from  9  indies  to  11  inchea,  the  lower  9  inches ;  the  lower 
band  has  3  inches  to  4  inches  of  an  inferior  lime  coal 
beneath  it,  which  assists  in  working.  The  top  band  is  of 
usual  good  quality,  but  rather  tendw;  the  lower  band  very 
inferior.    Both  these  ooals  are  however  wrought. 

The  Great  seem  is  oHnmonlf  sold  for  bousehold  pur- 
poses, but  at  Brafsdown  Colliei^  is  sold  for  making  gas, 
tat  which  purpose  it  answen  veU.  This  seam  is  now  neariy 
ezhansted,  as  for  as  it  is  known  to  teist. 

3.  Tbp  IMtU  team  (of  Radstock).  Thickness  about  16 
indws  near  Radstock.  It  is  associated  with  a  smaller  seam 
called  the"  Tom  "ooal,  which  Uea  a  little  below.  AtKad- 
■took  and  Writhliogtmi  tboa  Tom  coal  is  onhr  three  inehos 
oar  four  inches,  ana  totalfy  unworkable.  At  Braysdown 
tin  Tom  eoal  is  fimr  inches  to  eight  inches,  and  onljr  a  few 
indies  below  tiw  LUtk  seam,  which  is  hen  of  an  mtoior 
quali^  and  tbidnMss.   Thus : — 

TopIdtOeieim  •  11  inches. 

Blacks       -  '  2or3inobeB. 

Tom  coal      -  -  4  to  8  inches. 

Fireeli^      -  -   6  to  9  foot. 

Thja  fireclay  is  bad.  Nortjiward  from  Braysdown,  over 
half  wbidi  royalty  this  seam  is  probably  unworkable, 
the  Tom  coal  continues  to  improre,  until  at  Camerton  it 
fonns  the  best  poitimi  ct  the  seam,  and  is  18  inches  or  2 
feet  tUck.  It  is  probable  that  tide  "  Tom  "  coal  forma 
the  "  T<^  Little "  seam  of  'nmsbury  Colliery,  and  the 
*'  Hard'*  seam  of  Fit's  Bottom  CoUieiT  where  it  is  two  feet 
tluek.  Hiis  seam  (the  Top  little  seam)  has  been  exhausted 
or  nearfy  so  at  the  best  modem  collieries,  and  abandoned  on 
aooount  of  its  thinness  at  some  of  the  older  ones. 

4.  Middle  seam  (of  Radstock).  This  seam  is  very  variable 
in  qiuJi^.  At  Radstock  it  is  22  inches,  and  veiy  good; 
also  at  Writblington.  At  Braysdown  it  is  27  inches,  of 
good  quality,  but  very  tender ;  rather  more  stony  than  the 
"  Great  '*  seam,  a  miadlh^  household  coal,  but  very  good 


for  gas  manufoetnre.  At  Wdton  CdlieiT'  it  is  also  in- 
ferior. To  the  north  of  (Suae  placea,  at  CSandown,  Camer- 
ton, TimslnnT,  and  Paulton,  this  seam  is  so  bad  for  1^ 
most  part  and  stony  as  to  be  unworkable.  At  Timsbnij 
the  seam  is  in  two  ban  da ;  top  eight  inches,  lower'  7  indiea, 
with  partiuff  between ;  the  quality  is  there  xmttf  good. 
The  weight  per  cubic  foot  of  tms  seam  is  about  84  lbs. 

5.  S^rv^  Mon  (of  Radstock).  An  exodleni  aesm  of 
bituminous  coal  2  foet  4  inch«  at  Radstock  and  WeHton. 
It  derives  its  name  from  a  thin  band  of  cannel  in  the  middle. 
At  Welton  Hill  Colliery  this  seam  is  in  two  bands,  the 
2  inches  of  cannel  forming  the  partiog.  At  Radstock,  the 
two  bands  begin  to  separate ;  and  at  Writblington  the  upper 
band  10  inches  is  never  worked,  being^  thin,  and  with  bad 
roof  and  floor.  It  lies  here  three  fathoms  above  the  lower 
band ;  this  being  13  to  15  inches,  and  very  good,  mth  1  indi 
<tf  cannel  on  top. 

At  Braysdown  the  Slyving  is  also  in  two  coals ;  the  top 
6  inches,  at  a  distance  of  5  fethoms  above  the  lower,  wfaicn 
is  16  inches.   The  top  is  never  wrought;  the  lower  very 

good. 

At  Fry's  Bottom  the  Slyving  is  in  three  ooala  j  tha 
top  lOinches,whidi  is  thebest;  the  second 4 indies, of  oaa- 
nd ;  and  the  tiiird  13  indies,  but  the  Hate  appear  to  lia 
near  together.  This  seam  is  chiefly  used  for  honsdwld  or 
gas  purposes,  but  at  F^s  Bottom  it  is  excellent  ftnr  steam 
purposes.  At  HmsbuTy  it  is  all  small,  but  an  exedlent  gas 
coal. 

Streak  seam  of  Fry's  Bottom  Colliery.  Thu  seam  is 
only  known  at  the  Fry's  Bottom  Pit.  It  occurs  between 
the  Middle  seam  and  Top  Little  seam.  Hie  qualify  is 
good,  and  tbe  eoal  hard  sometinies,  but  verj  frequently 
tender. 

6.  Little  Slyving  aeam  (of  Radstock).  This  seam  is  about 
14  inches  thick,  generally  a  hard  coal,  and  verr  goodi  n 

Juality.  It  is  harder  than  most  of  the  seams  of  tins  group, 
n  the  Radstock  and  Writblington  districts,  this  seam 
often  doubles  or  even  triples  itself,  presenting  the  appear* 
anee  of  two  or  three  similar  beds,  one  over  ^e  other,  with 
half-inoh  partings  intervening.  At  Bra^down  this  seam 
is  only  10  indies  to  12  inches,  and  not  bemg  of  good  qui^Ufy 
is  not  wrought.  It  proves  better  northwaids  tovards 
Camerton. 

7.  BmU  seam  (of  Radstock).  This  seam  differs  vesy 
much  in  qualify  and  thickness  in  diffemnt  distriota.  At 
Radstock  it  is  extremdy  good,  and  is  often  douUe  its  usual 

thickness  (2  feet  3  inches). 

(top  8-iodi  coaL 
clod  4-inch, 
under  20>inch  coal, 
r  top  12-indi  ooal. 
Also  in  two  at  Writliltngton      -<  mm  dod  j^inch. 

I  under  16-indi  ooaL 
At  Braysdown,  the  top  coal  is  infMor,  the  under  pretfy 
good ;  the  quality,  a  midcUing  bousehold  ooal,  but  makes 
a  dusty  whitish  ash.  At  Welton  it  is  a  good  free-bnming 
coal,  not  as  good  or  strong  as  the  great  seam,  and  rather 
difScult  to  work.  To  the  north  of  Qandown  tiie  Bull  seam 
becomes  too  thin  and  inferior  to  be  wcwked.  At  F^s 
Bottom  Colliery  it  is  very  irregular,  from  8  to  15  indue  of 
good  qualify,  but  lying  between  two  hard  rocks  it  is  con- 
siderea  as  unworkable. 

The  general  character  of  the  "  Radstock  "  or  first  gronp 
at  seams  is  much  the  same..  Thegr  are  id  Jsuited  for  house- 
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hold  use  and  a  ^vrge  portion  alio  for  j^u  nuDoftuittue.  The 
gnienl  ooloor  of  tiie  ash  (exoept  the  "  Bull "  aeun)  is  a 
bowniah  xed. 

8eo<m<ior  Farrimgton  Qrm^. 

Tbt  next  and  aeoond  group  of  aeams  ii  that  known  as 
the  "  FaninRton/'  from  the  localil^  where  thc^  mre  fixst 
worked.  The  character  these  aeama,  as  proved  in  some 
of  the  collieries,  is  so  entirely  different  to  their  nature  in 
others  that  it  is  difficult  to  correlate  them.  The  arerage 
number  of  seams  is  about  six  or  seven,  but  thm  an  taxely 
more  than  five  workable  at  the  same  spot. 

At  Fairington  Gnrnay  CoUieiy  the  seams  an  known  as 
follows 

1.  Sa^nir  nam,  qmte  vnworiulile. 

2.  Cai%ead  mm  corresponds  proluibfy  to  Cathead  seam 
(No.  2}  of  Old  Mills  Pit,  also  to  No.  2  <^  Norton  Hill  Pit, 
No.  3  of  Bn^adown  and  Stony  scam,  No.  1  of  Grayfteld 
CoUierr. 

At  FarrinBTton  Pit  this  seam  is  3  feet  10  inches,  the 
name  being  derived  fh>m  the  la^e  stones  or  "  cats  "  in  it. 
It  is  a  bad  aeam  to  work,  having  no  benching,  bnt  might 
be  eni[dojed  fbr  steam  or  lime-hnming  purposes. 

3.  Fairington  Top  aeetm  corresponds  probably  to  Far- 
rington  Top  seam  of  Old  Mills  Pit,  also  to  Nos.  5  and  6 
'^Braysdova  Pit?  also  to  No.  3  of  Norton  Hill  Pit,  and 
No.  2  (Streak)  at  GrayGeld.  At  Farrin^n  a  very  good 
tntununous  coal,  easy  to  work,  and  well  suited  to  household 
oae;  thiduiew  18  inches. 

A.  Ptaeoeh  team  corresponds  probably  to  No.  4  of  Nor- 
ton Hill  Gollieiy,  and  No.  3  (Dabehick?)  of  Gra^^dd. 

At  Fanington  this  seam  is  never  woriced,  bemg  inferior. 
At  Old  Mills  Colliery  it  does  not  a^fpear  in  the  aeetwn  of 
tta  pit>  and  is  not  ocmsidared  a  seam. 

5.  SEddU  mam  corrBsponds  to  "  Middle  "  aeam  of  Old 
Mills  Colliery,  also  to  No.  5  of  Norton  Hill  Pit,  also  to 
No.  4  of  Grayfield  ("  Peacock?".) 

At  Fanington  this  seam  is  2  feet  4  laches ;  it  contains 
streaks  of  bucks,  &c.>  which  tend  to  spoil  the  coal,  other- 
wise would  be  a  good  household  coat  It  has  4  to  6  inches 
of  stone  in  the  imddle  of  the  aeam. 

6.  TVw-cooI  corresponds  to  the  "Two-coal*'  ot  Old 
Mills,  also  to  No.  6     Norton  Hill,  and  No.  5  of  Grayfield. 

At  Faarington  this  is  only  4  to  €  inches  thick. 

7.  Ckarek-ebue  team,  corresponds  to  the  "  Chnrcih-eloae  " 
■eam  of  Old  MiUa.  alio  to  tiie^New  aeam"  ofGrayfield, 
alto  to  No.  7  of  Norton  Hill. 

At  Farrington  this  is  a  free  burning  coal ;  bnt  two  thirds 
it  small,  which  will  be  used  for  mw^ines,  &c.  The  seam 
b  in  two  bands,  witii  4  inches  of  benching  in  the  middle. 

8.  Sfpeii/aea-uiei  jnm  ctnresponds  probably  to  either 
No.  7  ov  No.  8  of  Oxayfiflld. 

At  FWniogton  this  »  a  nuddhng  ooal,  not  so  tntuminoiis 
as  the  other  seams.  It  has  no  holing,  otherwiaa  it  might 
be  wrought. 

At  the  Old  Mills  Colliery  the  seams  known  are  almost 
the  same  as  those  at  Farrington  Pit.  which  is  only  half  a 
mOe  distant  The  coal  is  generally  of  better  quality  at 
Old  MiUs. 


BonenetAtaiu 


1.  The  "  Cathead  "  seam 

2.  Fanington  Top  seam 

3.  Peacock  seam? 

4.  Middle  aeam 
6.  Two-coal 


ft.  in. 


-  3  0 


in  two  bands ;  the 
top  one  good,  the 
lower  stony. 


6.  Church-cloee  seam  - 

7.  Seventeen-inch  seam  7 

At  the  Norton  HiU  Colliery  :-• 

1.  An  unworkable  seam. 

2.  Oreat  seam  oorreaponds  probably  witii  the  "  Cathead  ** 
of  Farrington,  "  Cathead  "  of  Old  ftfiUa, "  Stony  **  leam  of 
GnyflelC  and  No.  3  of  Brayadown  Pit. 

M  Norton  Hill  Pit  this  aeam  is  18  incbea  tiuck  on  an 
avenge^  and  nay  Mttla  worked. 

3.  LUtie  $eam  oonrencKHida  to  **  Farrington  Top  **  seun 
of  Old  Mills  and  Farnngton.  to  No.  2  ("Streak"  or 
"  thzee-coal ")  of  Gra^rfietd.  to  Noa.  5  and  6  of  Brayadown  ? 

At  Norton  Hill  12  mdiea  average. 

4.  Peaeock  ttam  comaponds  to  **  Peacock  **  seam  of 
Fanington  and  Old  Mills?  and  No.  3  of  Grayfield  Fit. 

Thidtness  at  Norton  HOI  2  ftot. 

b.  Seam  corresponds  probably  to  "Middle"  seam  of 
Faniogton  and  Old  Mills,  also  to  No.  4  ut  Grayfield. 


At  Ntxrton  HiU  tiiis  is  in  thm  baads,  with  3  inohea  to  6  JCa-PHnEwnE. 

inches  parting. 

6.  Seam  corresponds  probably  to  "Two-ooal"  of  Vm- 
riuffton  and  Old  Mills,  also  to  No,  5  of  Grayfield. 

At  Norton  HIU  this  seam  is  unworicaUe,  half  of  it  being 
stone,  and  having  no  good  roof. 

7.  Seam  oorresoonds  probably  to  "  Chnroh-close "  of 
l^amngtoo  and  Old  Mills,  also  to  "  New  Vein  "  of  Gray- 
field Pit. 

At  Norton  Hill  this  is  in  five  bands ;  1st  inferior,  2nd 
better,  3rd  (16  inches)  pnt^  good,  and  4th  and  fith  stony 
and  inferior. 

At  Grayfield  Colliery. 

1.  Stony  aeam  corresponds  probably  to  "Cathead"  of 
Farrington  and  Old  Mills,  also  No.  2  of  Norton  Hill,  also 

to  No.  3  of  Brayadown. 

At  Grayfield  Pit  18  inidies  thick,  but  only  10  inches  to 
12  inches  coal,  very  little  w<»ked. 

2.  Streai  or  Three  Coal  seam  corresponds  probably  to 
Farrington  "  Top  "  aeam  <tf  Farrington  and  Old  MiUs,  also 
to  No.  3  of  Norton  Hill,  also  to  Noa.  5  wad  6  of  Brays- 
down. 

At  Grayfleld  thiscontaina  2  Ibet  6  indhea  to  Sflset  of  ooal« 

thus : 

Coal  7  inches,  bad  -  ] 

Stone  8  and  9  inches      "  ->  only  fit  for  lime  burning. 
Coal  9  and  10  inches,  better^  J 

Stone  12  inches        -        -  "I  „     .   ^     ,„  ■  . 

Coal  18  inches,  very  good  -  /  P'^Sto"  T°P  >«™  ? 

(Between  this  and  the  next  seam  occurs  a  sniall  9-inoh 
seam,  with  bluish  ash,  unworkable.) 

3.  "  Peacock  "  seam  corresponds  probably  to  "  Peacock  *' 
seam  of  Norton  Hill  and  Farrington. 

At  Grayfield  Kt  this  is  1  foot  8  inches  thick,  an  inferior 
house  coal. 

4.  "Uttle"  or  " Dabekiek**  seam  corresponds  with 
"Middle  "seam  of  Farrington  and  Old  MUU  Pita,  also  to 
No.  5  of  Norton  HiU. 

At  Grayfield  tlus  is  3  feet  thick,  with  1  fbot  0  inches  of 
coal,  thus  : 

1  coal  -        -   6  inches'1 
stone  -      -      -   7  inches  I  It  works  very  badly, 

2  coal  -        -   6  inches  }■   there    being  no 
stone  -      -      -   8  inches  I  beoohiiig. 

3  coal  -        -   9  inches  J 
The  'coal  ia  nther  shal^  and  inferior,  bnming  witii  a 

iriiite  ash. 

5.  Seam  oorresponds  probably-  to  "Two-coal**  of  Far- 
rington and  Old  Milts,  also  to  No.  6  of  Norton  Hill  Fit. 

At  Grayfield  this  is  only  10  inches,  and  unworitaUe. 

6.  New  seam  corresponds  probably  to  "Church-dose  "  seam 
ftf  Faningttm  and  Old  MiUs,  also  to  No.  7  of  Norton  Hill. 

At  Gn^ileld  this  is  2  feet  G  inches  of  coal,  principally 
smaU  or  rubble,  fit  for  steam  puraoaea. 

(Supposed  tolbe  idenlacal  wiu  "SmiUMoal"  seam  irf 
Sutton  CoUinies). 

7  or  8.  SeoBM  correspond  possibly  to  "  Seventeen-inch  *' 
■earn  of  Famingtwi  Pit? 

Most  of  the  seams  at  Qtayfidd  burn  witii  nd  ash. 

At  Br^down  CoUien^  the  seams  of  the  aecond  or  Far- 
rington group  an  as  ftmowa  :— 

1.  5«aai.  Tliickaeaa  20  indua,  infenor.  atony,  and  bums 
very  "  dead." 

2.  Seam,  lliiokness  24  inches,  possibly  corresponds  to 
seam  No.  1  at  Norton  Hill  Pit  (unworkable)  and  to  a  seam  at 
Farrington  between  the  "  Sulphur  "  and  "  Cathead  "  seams. 

At  Brayadown  this  seam  has  a  shale  top  and  hard  flie- 
oUgr  floor,  with  no  holing.  It  is  aulphuiy,  ud  bums  to  a 
bkush  aah.  It  ia  Mnuoered  to  be  nnworluble. 

3.  Seem.  Thickness  12  inches,  corresponds  probably  to 
the  "  Cathead  "  seam  of  Farrington  and  Old  MiUa,  also  to 
the  "  Stony  "  seam  of  Graf  field. 

At  Brayadown  this  coal  is  of  ftir  quality,  but  the  aeam 
ii  difficult  to  work,  the  fioor  oonaiating2<tf  an  underclay  too 
hard  to  hole  in. 

6.  Seam,   Hiickness  16  inches. 

At  Braysdown  this  seam  is  in  three  bands,  each  5  inches 
thick,  with  3-inch  partings  of  blacks.  The  coal  is  very 
tender  and  stony;  the  ash  white  like  wood  ash.  It  might 
answer  for  steam. 

6.  Seam.  Unworkable. 

It  is  probable  that  the  whole  of  the  Second  or  Farrington 
group  has  not  been  yet  proved  at  Braysdown  Pit.  xhe 
sinking  was  stopped  by  the  iirapttoa  of  a  oouaiderable 
feeder  of  water. 
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At  tiw  Old  Giove  Pit,  TSnuburr.  the  seooDil  or  Fanhig- 
ton  group  has  also  been  tvored,  tnit  it  is  htfdly  posrabie 
to  oomlate  ihe  leuna  with  tiiofle  mentioned  above.  Thef 
an  as  followa 

}.  Seam.  In  three  baada,  24  inches  (rfcoaL 
This  seam  is  not  worked. 

2.  Seam.  In  two  bands,  22  inohes  of  eoal. 
Tliifl  is  a  middling  coal  and  wwkable. 

3.  Seam.  In  three  bands  i — 

Coal  -  -  -  13  inches. 
Stone     -  -   9  iochea. 

Coal        -       -        -  12  inches. 
Stone    -       -        -   6  inches. 
Coal    -         -       *  14  inches, 
lliis  is  good  and  workable ;  not  fit  fn  domestic  use,  but 
a  vciy  good  steam  coal. 

4.  Seam.  Total  thickness  40  inches,  ot  which  about  one 
half  ia  workable  coal,  fitted  for  steam  purposes. 

5.  Seam.  Workable  thickness,  22  indies. 

Then  follows  a  seam  in  three  bands,  «4iich  is  quite  un- 
work^e: — 

Coal  -         -         •  8  inches. 

Hard  stone      -       -  3  inches. 

Coal      ...  flinches. 

Stone      •       .      .  6  inehea. 

Coal  -         -         -  4  inches. 

6.  Seam,  In  two  bands,  thus  :— 

Coal  •       -  -   9  inches. 

Stone  -      -  -   4  inches. 

Coal  -      •  -  15  inches. 

Stone  -      -  -   4  inches. 

This  is  now  worked  for  steam  coal. 

The  above  seams  appear  to  be  well  suited  for  locomotive 
use,  having  been  recently  tried  and  found  to  succeed  well. 

At  the  Bishop's  Sutton  collieries,  a  group  of  seams  has 
been  opened  for  manv  years,  also  proved  at  Broml^  and 
Stanton  Drew  to  the  north-east  of  Sutton.  They  arc 
Buppooed  to  belong  to  the  seoond  or  Farringtou  group,  as 
they  appear,  at  Bromley,  to  rest  on  the  pennant  grit ;  but 
the  position  of  the  seams  among  themselTea  is  (|Dite  difllemnt 
to  that  at  Grayfleld  or  any  other  the  coUienes  mentioned 
above.   The  seams  are  as  follows : — 

1.  S/tnKnsr  fetm,  24  inches;  sulphureous  and  quite 
unworkable. 

2.  Oreat  seam,  40  inches,  a  tender  and  irr^ular  coal. 

3.  7%re*-eoal  mm.  Infnior  coal,  and  vtsey  Uttle  woa^d. 

4.  Peacock  seam.  In  two  bands : — 

Coal       -       -       -  18  inches. 
Finely        .        .  18  inches. 
Coal      ...  6  inches. 
Tliis  ooal  Is  a  little  worked, 

5.  SsKfA^eoal  won,  28  inches,  lliis  is  a  middling  smith's 
eoal.   It  is  used  for  lead  smelting  on  the  Mendqi  hiUa. 

6.  LUtU  team.  In  two  bands : — 

Coal       -       -       -  16  ioidiefl. 

Benching  -      •      -  16  inches  to  18  inches. 

Coal      ...  5  inches. 

A  little  below  the  last,  a  small  seam  (9  inches  thick)  of 
highly  bituminous  ccwl  was  met  with. 

At  a  depth  of  40  fiithoms  below  this  agMn,  another  seam 
of  a  peculiar  rubbly  coal  was  met  iritb,  but  was  found  to 
be  unworkable. 

A  pration  of  the  Bishop's  Sutton  eoal  is  sold  for  house- 
held  use,  and  is  obtained  in  a  hard  state,  but  a  huge  part 
of  that  raised  is  small. 

Second  group  in  Gtouceslerskire. 

In  addition  to  the  seams  proved  in  the  above  colUeriea 
of  Somerset,  a  series  has  been  opened  in  Gloucestershire, 
in  the  Coal  Pit  Heath  basin,  wfaidi  appears  to  correspond 
in  geological  position  with  the  foi-mer,  as  lying  above  the 
pennant  ^t.  These  seems  are  very  uaiform  over  the 
whole  basin,  and  have  been  wrought  at  the  pits  of  the  Coal 
Pit  Heath  Company,  Parkfield  Colliery,  Shartwood  Col- 
liery, and  others.   At  the  Parkfield  Colliery  the  seams  are  : 

1.  Raff  coal,  18  inches  with  partings,  inferior  quali^ 
and  always  unworkable. 

2.  Hard  snm,  1  foot  10  mches ;  a  very  good  bituminous 
eoal. 

3.  Stmhiiiff  teaat,  t/um  G  inehea  to  18  inehei,  and  full  of 
■ul{d)ur;  unworiouile. 

4.  Thpseem,  2<!Bet  4  Indus;  ftn  excellent  bitununooB 
ooal. 


5.  HoUybush  team,  3  feet ;  very  good  ooal. 

6.  Great  team,  2  feet  10  inches,  similar  to  the  last. 

The  alKm  seams  are  ahnoat  entirely  used  for  gas  mauu* 
fsctuxe  in  and  around  Bristol,  &o. 
Many  other  seams  have  been  piroved  to  ezjat  in  other 

Cm  the  ooalfield,  as  at  Pensfinrd,  Publow,  Chewton 
isham.  Queen  Charlton,  end  BrUlington,  all  of  which 
mil  probably,  when  better  known,  prove  to  belong  to  the 
first  or  second  group,  and  to  correspond  with  some  of  the 
seams  above  enumerated.  As  none  of  these  have  been 
worked  for  many  years,  but  very  little  is  known  of  their 
character  and  special  quality. 

In  the  pennant  sandstone  which  succeeds  to  the  above 
first  and  second  groups  of  coal  setuns  in  descending  order, 
several  beds  have  been  discovered  and  worked.  In  the 
Mendip  district  or  Nettlebridge  Valley,  the  pennant  appears 
in  Lookham  Wood,  and  here  several  seams,  uie  "  Lookoam  " 
seam,  "Gent's"  courae,  "  North "  course,  and  "Globe" 
Beam  have  been  wrought.  The  "  Globe  "  seam  is,  however, 
usually  reckoned  among  those  ai  the  third  series. 

At  Temple  Cloud  a  fat  was  sunk  in  the  pennant  rock, 
and  readied  a  seam  which,  however,  did  not  prove  remu- 
nerative, and  the  pit  was  dosed. 

At  BiisUngton  a  seam  was  met  with  in  constmdang  the 
railway  timnd,  and  a  seoond  is  seen  in  the  cutting  between 
that  and  Keynsbam. 

In  the  Nailsea  basin  a  seam  exists  in  the  pennant  rode, 
known  as  "  Grace's  "  seam,  about  3  feet  thick.  Iliis  was 
worked  for  some  time  from  the  pits  near  the  old  diurch. 

The  uppermost  beds  of  the  great  Kiogswood  group 
(third  aeries)  are  in  reality  in  Ute  pennant  rock,  llie 
"  Fig,"  "  Francorabe,"  "  Millgrit,"  "  Rag,"  and  "  Devil's  " 
seams  all  lie  within  the  lower  beds  of  this  great  body  of 
sandstones,  and  the  outcrops  of  these  seams  mark  the 
boundary  of  the  pennant  passing  from  Bedmiosta,  through 
Pylemarsh,  Hsnham,  Bitton,  Kelston,  and  Newton  St.  Loe. 

The  position  of  tiie  four  seams  in  the  pennant  lying 
to  the  north  of  Kingswood,  the  *■  Cock,"  "  Chick,"  "  Hen,** 
and  '*  Stinkinj^  seam,"  is  indeterminate  on  account  <rf  the 
great  fault  which  appears  to  separate  them  from  the  third 
series  as  proved  at  Soundwell,  Sic.  'Vhe  coal  of  these 
seams  ia  duefij  small,  and  rather  of  the  smith-coal  character, 
which  corresp<mds  to  that  of  the  "Milkrit,"  "Pamt," 
and  other  associated  seams  at  Hanham  aud  Bitton. 

TTiird  or  lowest  series. 

The  third  or  lowest  series  is  by  fiar  the  most  important 
of  the  three  in  the  aggregate  thickness  of  the  seams.  At 
Kiogswood  it  comprises  about  25  different  beds,  of  which, 
however,  there  are  rarely  more  than  15  or  so  workable  at 
the  same  spot,  the  quahty  as  well  as  the  thickness  of  the 
seams  varying  very  frequently. 

As  proved  in  the  district  b^ween  Bristol  and  Bath,  thqr 
are  as  follows  in  decending  order : — 

1.  "  Fiff  "  seam  in  pennant  rock,  usually  too  thin  to  be 
workable. 

2.  "  Franeombe  "  seam,  in  pennaot,  usually  too  tiiin  to 
be  workable. 

3.  "  MUlffrU  '*  seam.  Very  variable  in  thickness,  from 
3ft.  to  6  ft.  Sometimes  occurs  in  duplicate,  as  at  Hanham, 
where  each  seam  is  2  feet  6  inches,  it  is  about  one-quarter 
smith's  coat  and  three-quarters  coking  or  steam  coal.  It 
sometimes  cokes  very  wdl,  as  at  Newton  St.  Loe. 

4.  "  Rag "  seam.  This  is  very  irregular  wherever  it  has 
been  proved,  especially  at  Hanhan\  and  fiitton.  'Hie 
average  thickness  is  about  IH  inches,  sometimes  as  mudi  as 
4  feet.  It  is  almost  always  small,  and  contains  no  amitlt- 
coal.  Notwithstanding  these  drawbacks,  1^  seam  has 
been  extensively  worked  at  Warmlej, 

5.  "  DeviTs "  seam.  This  is  also  a  very  uncertain  seam 
with  regard  to  quality.  It  has  been  tiaced,  as  the  above 
seams,  for  a  distance  of  15  miles,  from  Bedminster  to 
Newton  St.  Loe,  but  is  hardly  anywhere  worth  working  for 
a  distance.  At  Newton  St.  Loe  this  seam  was  good,  tnm. 
2  feet  C  inches  to  4  feet,  and  a  very  good  coking  coat 

6.  "Buff"  seam.  This  is  very  irregular,  often  a  very 
great  thickness.  It  varies  from  1  foot  to  8  feet.  At  Pylfr- 
marsh  tlus  seam  confauned  good  amith-coal.  It  is  and  naa 
been  extensively  worked  at  Hole  Lane  Colliery. 

7-  Parrot  seam.  The  quality  of  this  is  very  variable.  At 
Pylemarsh  and  thence  to  Hanham  it  does  not  prove  at  atl. 
At  Bitton  and  Hole  Lane  Collieries  it  constitutes  the  most 
valuable  aeam.  The  quality  ia  that  of  the  most  excdlent 
smith's  coal,  and  it  is  said  to  be  worth  \5s.  per  ton  at 
Keymham.  At  the  Golden  Vall^  pits,  Bitton,  this  seam 
averages  1  foot  to  1  foot  6 indies, with  12inche8to  ISinches 
of  firralay  beneath,  and  a  hard  top  generally.  It  is  hen 
worind  to  a  great  depth  by  meant  <tf  inclines,  about 
630  yards  frnn  mrfMei 
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8.  LUtk  orBrimstoMtem.  This  18  enwadingly  bad ooftl, 
tnd  has  never  been  wrought  to  any  extent. 

9.  JfuMii  team.  Thia  ia  exceedingly  bad  ocwl,  and  has 
nerer  been  wrought  to  any  extent. 

After  this  occurs  a  group  known  as  Stibbs*  seams. 
These  have  been  proved  in  different  localities  along  the 
southern  slope  of  Kingswood  hill  and  recently  from  the 
Bitton  Ct^ieries.  The  seams  are  not  now  worked  anywhere, 
except  at  Bitton,  and  therefore  the  correlation  is  difficult. 
Where  the  wh<de  group  has  been  proved  there  appear  to 
be  five  seanu. 

10.  Stibbs'  \st  seam,  15  inches  thick  usually,  corre- 
sponding  protMibly  to  the  coking  coal  of  Bitton. 

11.  Stibbt'  2nd$eam,  3feet  at  White's  Hill,  ooResponding 
probably  to  the  "  Seng  "  aeam  of  Hanham,  and  does  not 
wpptn  to  prove  at  Bitton. 

At  White's  Hill  this  is  a  good  coking  coal. 

12.  SH^  3rd  seam,  2  feet;  probably  the  "  New  Smith's 
coal  **  of  Bitton ;  also  the  "  Smith's  coal "  of  White's  Hill  ? 
This  is  in  some  places  a  pretty  good  smith's  coal,  much 
infevior,  hawera,  to  the  "  rarot  "  seam. 

la  Stiib't  4th  seam,  2  feet  thick ;  probably  the  "  Kenn* 
Moor"  seam  of  Bitton. 

14.  Stibb's  5th  ffom,  1  foot  thick  i  probably  the  "  Plox  " 
seam  at  Hanham  and  White's  Hill. 

All  these  Stibbs'  seams  are  prinrapally  small  and  rabble  coal, 
and  not  of  first  rate  quality,  ther^bre  but  little  wrought. 

15.  Below  Stibbs*  seams  several  others  have  been  met 
with  at  the  New  Whitehall  Kt ;  only  one  of  these  appears 
to  be  workable,  and  this  is  locally  termed  the  "  Hard  Vein." 
It  is  14  inches  thick,  and  a  very  good  bituminous  coal,  fit 
for  household  use. 

16.  In  this  pit  also  the  Qucenbower  seam  occurs.  It 
is  very  variable  in  thickness,  from  1  foot  to  7  feet  south  of 
Kingswood  Hill.  It  is  generally  mixed  with  a  good  deal 
of  nibbiflfa  in  bands.  At  the  Whitehall  Pit  it  u  in  two 
coals  1  foot  each,  with  3  feet  6  inches  of  rubbish  between. 

In  the  rneighbouihood  of  the  "Queenbower"  seam 
others  have  been  met  with,  called  the  "  Whitehall "  seam, 
"Holmes'"  seam,  "Great"  and  "Little"  Cuckoo  seams, 
&c.,  &c.,  none     which  appear  to  be  fairly  wwkable. 

Next,  in  descending  order  occurs  a  group  known  as  the 
Old  Easton  or  Duncombe  seams,  as  follow  :— 

17.  DoxaU  seam,  22  inches.  This  is  a  good  ooal, 
generally  fit  for  household  use,  but  rather  tender,  cor- 
responds probi^ly  to  the  "  Biittains* "  seam  of  Soondwdl 
ana  Shepherd's  pits. 

18.  l^per  Five-coals  seam  or  Rock  seam,  24  inches.  This 
has  only  been  found  workable  in  a  few  places.  Character 
umilar  to  Doxall  seam,  corresponds  probably  to  "  Stabba' " 
seam  of  Soundirall  and  Shepherd's  pits. 

19.  "Old  Toad"  seam,  2  feet  to  2  feet  6  inches,  cor- 
responds probably  to  the  "Shelly  seam"  of  Shepherd's 
pits.  This  is  a  veiy  good  coal,  more  bituminous  than  the 
**  Great "  seam  of  Kingswood,  and  very  well  suited  to  gas 
making.   It  will  probably  be  worked  at  the  Whitehall  Pit. 

20.  **  TrOK  "  or  "  TTirough  "  seam,  12  inches,  corresponds 
probably  to  the  "Hard"  seam  of  Shepherd's  pits.  This 
has  been  wrought  at  the  older  Easton  and  Kingswood 
pits,  but  appears  to  be  uncertain,  though  of  good  quality. 
Below  this  group  occur  one  or  two  unworkable  seams,  and 
also  one  cafled  at  Kaston  the 

21.  Red-ash  seam,  16  inches,  which  has  apparently  been 
wroa^^t  in  fonner  times,  and  may  be  wOTked  when  the 
better  seams  are  exhausted. 

The  next  group  is  that  known  as  the  Kingswood  and 
Easton,  now  being  wwked  at  the  pits  bearing  those  names. 
Thoe  are  as  follow : — 

22.  Hole  or  Hard  Mom,  H  inehes.  This  is  genenlly  a 
good  wrakoUe  ooal. 

23.  jKM^oZt  seam  and  Thutfer  team.  Not  woritable  at 
Eastern,  bnt  hotter  in  going  eastward.  Has  besn  wrought 
at  Kingswood,  Soundwell,  and  Siston.  At  Siston  Common 
the  seam  was  7  feet  in  five  bands  (inchiding  the  "  Thurfer  " 
seam),  thus : — 


Top  coal 
Stools  legs 
Benching  coal 
Smith's  coal 
Thurfer 


•  8  inches. 
-    8  inches. 

•  14  inches. 

-  2 1^  3  inches. 

-  2  feet  3  inches. 


The  "Thurfer"  is  generally  considered  a  separate  seam 
at  Easton  and  Kingswood;  at  Easton  it  is  not  workable, 
'llie  "  Five-coals  *'  is  said  to  correspond  with  the  Bedminster 
"Top"  seam. 


24.  Kinsfswood  "  Great "  seam.   This  is  the  best  seam  of  Mx-Pustwiok 
the  sevies,  a  very  good  bituminous  coal,  and  4  feet  6  inches  samw^AiML 
thick.   It  is  anifbrmly  good  all  over  the  dbtrict,  and  at 

Siston  appears  to  doable  its  thickness  (3  fset  6  inches), 
being  in  two  ooals,  some  distance  apart,  lliis  seam 
sup^ies  a  very  portion  of  Bri^ol  with  hoasehold  ooal. 
It  appean  also  to  oorrespond  with  the  Bedminster  "  Great  *' 
seam,  iriiiah  is  of  much  we  sane  ohanoter. 

25.  "OUtmr^  Inn"  seam.  This  has  been  wrought  at 
Kingswood  and  Soondwdl  collieries,  about  18  inches  thick. 
At  Easton  it  is  found  to  be  unworkable,  except  in  con- 
junction with  the  Blackband  ore,  which  occurs  abont 

2  teat  above  it.   It  is  said  that  a  trace  <^  it  was  also  seen 
at  Bedminster,  below  the  "  Great  '*  seam. 

36.  "Little  Toad"  tsam  or  TWo-fte?  lAam,  IS  inches  to 
34  inches,  probably  corresponds  to  the  Bedminster  "  Little  " 
seam.  At  Easton  this  seam  is  considerei  to  be  just 
workable  (18  inches  to  20  inches  thick),  but.  it  h  difficult 
to  work,  having  a  bad  top  and  no  holing.  At  Kingswood 
it  appears  to  have  been  worked  to  a  considerable  extent  in 
former  times,  and  also  at  Soundwell. 

The  above  are  the  five  chief  Kingswood  seams,  eorre^ 
spending  very  much  in  the  quality  of  the  coal,  but  differing 
greatly  in  the  &cility  or  dimcul^  of  working  in  different 
portions  of  the  district  over  which  they  have  been  proved, 
which  extends  from  Bristol,  six  nules  esstward,  to  Warmlcj 
and  Siston. 

Below  all  the  above  seams  occur  those  which  have  been 
also  proved  at  Kingswood  and  Easton  under  the  name  of 
*'  Paricer's  seams,"  and  also  probably  in  the  upper  part  of 
the  new  pit  at  Ashton  Vale. 

27.  Parker's  "Top"  seam  corresponds  probably  to  the 
first  seam  in  New  Ashton  Pit  at  44  iathoms,  and  there 
said  to  be  from  3  feet  to  6  feet  thick.  At  Easton,  where 
this  seam  has  been  proved,  it  is  3  feet  thick,  and  contains 
fire-damp.   This  is  also  the  case  at  Kingswood. 

23.  Parker's  "Middle"  seam  corresponds  probably  to 
the  Ashton  seam  at  53  fathoms.  At  Kmgswood  this  seam 
is  2  feet  2  inches;  at  Ashton  2  feet  9  inches. 

29.  Parker's  "  Little  "  seam  corresponds  probably  to  the 
Ashton  seam  at  65  fotboms.  At  Ashton  this  scam  is  3  feat 

3  inches ;  at  Kingswood  only  12  indies,  and  time  contains 
much  fire-damp. 

Parker's  seams  at  Kingswood,  where  alone  they  have 
been  wrought,  are  almost  all  small  ooal,  sometimes  of  - 
good  qualify.   At  Ashton  Vale  they  may  be  worked  in 
mture. 

The  seams  which  are  now  being  worked  in  the  Ashton 
Vale  Colliery  appear  to  lie  below  Parker's  seams. 

30.  "Ashton  Top"  seam.  Thw  is  irregular  in  thickness, 
varying  from  1  foot  to  9  feet,  average  about  4  feet.  The 
quality  is  that  of  a  second  rate  household  coal,  fair  for 
locomotive  use  and  for  steamers.  It  is  also  a  good  gas 
coal,  producing  9,000  cubic  feet  per  ton.  At  the  Ashton 
Works  it  is  chiefly  used  for  iron  smeldng,  for  which  it  is 
very  well  suited,  oeuig  tna  from  anlphnr.  It  bonis  with  a 
very  white  ash. 

31.  "Ashtoa  Great"  seam.   Thickness  from  1  foot  to 

4  feet,  average  about  3  feet  6  inches.  It  is  a  fair  steam 
coal,  more  bituminous  than  the  "Top  "  seam,  and  makes 
a  la^er  quantity  of  gas  per  ton,  but  with  less  iUuminating 
power.  It  makes  very  hard  and  good  coke,  and  is  much 
used  for  smelting.  A  portion,  after  careful  washing,  is 
sold  for  smith's  coal.   It  bums  with  a  pink  ash. 

32.  "Ashton  Little"  seam,  2  feet.  This  is  a  very 
sulphureous  coal,  and  so  near  to  the  millstone  grit  tliat 
the  Ashton  Pit  was  flooded  on  the  only  occasion  when  an 
attempt  was  made  to  work  it. 

The  above  list  comprises  the  whole  of  the  seams  of  the 
lower  series  as  they  are  proved  in  the  neighbourhood  of 
Bristol  and  Kingswood.  At  Yate,  near  Chipping-Sodbury, 
this  series  has  also  been  explored,  but  the  numbw  of  seams 
bears  no  comparison  with  tiuwe  sbove  enumerated  at 
Kingswood,  &C.  The  thickness  of  the  beds  between  lihe 
pennant  grit  above  and  miOstone  grit  bdov,  at  Yate, 
appears  to  be  but  little  more  than  one  half  that  of  the 
same  beds  at  Kingswood,  Blo.,  and  the  number  of  eeadis 
known  is  only  four  or  five,  as  fbllows  ^— 

1.  Yate  "  Little "  team.  Average  thickness  10  inehea. 
A  very  good  red  ash  household  coal. 

2.  Yate  "Hard"  seam,  average  2  feet  4  inches.  A  first 
rate  steam  coal,  much  used  the  Midland  Railway  t» 
locomotire  purposes.  It  hums  with  a  white  ash,  and  is 
somewhat  onsty.  Fim>damp  also  occasionally  oeonn  in 
srnaU  quantities. 

3.  Yate  "Smith  coal"  sean.   Irregular  and  fnll  <tf  xolli 
where  proved,  hardly  workable. 
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^  QUANTRIBS  OF  COAL  I 

llB.BMWMft     4.  5bA«ryMBM.  Not  uyot  worind.  It  vonld  ptobablT 
HiwiBriirtililn    7^  ^  inehM  of  ftood  Oful.  Irat  ii  not  yet 

proTBd. 

Hie  B«uns  of  tbe  third  seriM  lutre  k1w>  been  proved  in 
the  Nettlebridge  ValW,  lyinf{  betireen  the  villages  of 
Chewton  Menmp  snd  Mella,  nwth  of  tiie  Mendip  HilU. 
TbiB  district  is  so  muoh  distorbed  by  the  upheaval  of  the  car- 
boniferouB  limestmie  that  the  coal  measnres  are  for  the  tnort 
part  broken  up  completelv.  In  consequence,  it  is  difficult  to 
ascertain  the  number  and  sequence  of  the  seams.  Towards 
the  western  end  of  the  valley  the  measures  become  more 
rwilar,  and  at  the  colheries  ot  New  Rock,  liolcombe,  and 
Moorwood  the  whole  series  has  apparently  been  proved*  as 
follows : — 

1.  "Globe"  or  "-New"  team.  This  seam  lies  in  the 
lowest  beds  of  the  pennant  rock.  It  is  about  3  feet  thick, 
with  floor  and  roof  of  rock.  The  quality  of  this  coal  is 
said  to  be  equal  to  that  of  "Wallsend,"  and  first  rate 
household  ocmu.  The  seam  has  been  worked  as  low  as  the 
jttesent  depth  of  the  pits  at  Holcombe  and  New  Rock  will 
allow,  but  will  no  doubt  be  \vrought  much  deeper  in  future 
times. 

2.  "  Small  coal "  is  of  the  same  quality  as  the  "  Globe," 
but  not  BO  hard;  thickness  18  mches.  At  New  Rook 
Cdliery,  where  this  seam  is  now  worked,  it  is  a  red  ash  coal, 
and  makes  very  hard  ooke,  but  rather  sulphury. 

3.  *•  Ta}0-coal."  In  two  bands.  Top,  10  inches.  Lower, 
12  inches,  at  New  Rock,  with  3  feet  of  fireclay  between. 
The  lower  band  is  the  better  one.  A  good  bituminous 
ooal.  The  fireclay  is  of  good  quality,  and  if  worked  with 
the  coal  would  be  remunerative. 

4.  "  FTortey  course."  In  two  bands  (said  to  be  in  three 
band.i  in  some  places).  At  New  Rock  4  feet  altogether, 
there  iKnng  1  foot  of  rubbish  as  parting  the  middle.  This 
seam  is  inferior  to  those  above  it,  has  dark  streaks  of 
"Mother  coal"  in  it,  and  bums  dead.  It  is  not  now 
wrought. 

5.  "  Oardm  course."  A  very  good  seam  of  household 
coal ;  thickness  3  feet  6  inches.  Burns  fteely  wi^  a  white 
ash,  and  makes  very  good  ooke.  This  seam  stands  next 
to  ^  "  Globe  "  as  Masehold  coal.  At  New  Rock  it  is  in 
two  bands:— 

Top       -      -      -  10  inches,  very  inferiot. 

Stone   -   2  inches  or  3  inches. 

Bott<Hn        -   2  feet  9  inches,  very  good. 

The  above  seams  appear  to  be  about  the  best  ooal  in  this 
field.  How  Ar  Ibqr  extend  of  the  same  charaeiBr  is  at 
prosent  unknown^  mtfe  those  se«ms  in  the  owtbeni  part  of 
ibt  ooalfidd  wfaidi  appear  to  oonrespond  in  podtion  with 
these  are  ol  entirety  different  eharaeter,  via.,  the  seams  of 
the  Golden  Valley  Colliery  at  Bitton.  Theae  latter  are 
chufy  smith's  coal,  and  are  rarely  need  for  domestic 
pniposM,  being  all  small. 

6.  "ffin^  eoo^"  2  ftet  A  hard  coal,  pretty  good  fbr 
Itouiehald  purposel^  but  iqjuied  by  stoatks  of  mother 
ooal. 

7.  Oreat  oowss,  4  fert.  One  of  the  most  extensively 
wwdted  seams.  It  differs  in  qnali^  in  various  places.  At 
I'ltcot  and  Holoombe  the  ooal  is  hsrd  and  fit  fat  domestic 
porpoees  j  at  Metis,  where  it  is  now  wwked,  it  has  hithnto 
Men  all  small  and  rubUe,  and  will  not  coke.  At  the 
Nettlelaidge  Pit  this  seam  is  very  good,  the  small  ooal 
makmg  verr  good  coke.  It  bums  freely,  with  a  white  ash. 
At  Mells  this  seam  beoomes  better  ami  harder  towards 
tile  west,  i.e.,  towards  Old  Newbuty  Vit,  where  it  was 
wwked  for  many  jean.  It  has  a  bed  of  fired^r  6  feet 
thick  below  it. 

8.  "Fireetome'*  seam,  2  fset  6  inches  thick.  In  most 
places  good.  It  has  a  rock  top,  and  is  easy  to  work;  bums 
with  a  red  ash,  and  makes  a  good  household  coal.  It 
contains  too  much  sulphur  to  ooke  well.  At  the  upper 
end  of  the  Nettlebridge  VaDqr,  at  the  Sweatieaae  Fit,  this 
aeam  does  not  i»ove. 

9.  "  Little  coirte^*'  18  inches  thick.  This  is  not  gene- 
rally of  good  quality,  bat  haa  been  wrought  at  Barlake  and 
Bentoc. 

10.  "  Dtaifff  pr^."  A  thick  seam  of  infierior  quali^. 
About  2  feet  6  io^ies  of  Mai,  but  irregular.  Subject  to 
fin-damp  all  through  the  valley,  from  Bulake  to  Newbuiy, 
wh«e  H  IS  now  wrought.  It  is  onl^  fit  for  steam  purposes, 
IS  omtauning  much  atone  and  rubbish. 

11.  *•  Bard  eoatDr^."  Thia  is  said  to  be  a  pretty  ihir 
'kouMluld  ooal,  about  2  feet  6  inobee  thick.  It  has  been 
ToAed  at  H(doombe  and  Ktoot,  but  many  yean  ago. 

,  Tha  seven  following  seams  an  said  to  have  hew  proved 
'andworiud  mm  or  less  at  the  Moorwood  and  otiur<dd 
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pits,  but  an  not  now  open  amrwhore.  It  is  onty  at  the 
upper  end  of  tiie  NeAOabndge  Vall^  that  At^  an  known, 
but  the  oosl  measnres  an  so  much  disturbed  in  the  lower 
parts  tiiat  their  absence  in  a  workable  state  in  these  parts 
appears  hardly  surprising.  Their  number  is  required  to 
make  up  the  total  of  the  series  to  anything  like  an  equaU^ 
with  the  same  at  series  Kingswood.  On  the  othtt  oian^ 
there  are  old  miners  in  the  mstriot  who  bdieve  them  to  be 
only  local  deposits. 

12.  "  Perim'e  course."  Said  to  be  good,  but  variable, 
^^uUfy  nmilai  to  the  Haid  coal  drift;  about  24  iuohes 

13.  Branch  "  coal  Very  little  vroasrU.  At  the  new 
Moorwood  Pit,  where  it  was  last  seen,  the  thickness  was 
2  feel^  and  it  was  chiefly  small  ooal. 

14.  "GoldeuCaaOeatiek**  team.  This  was  also  proved 
at  tiie  New  Moonrood  Fit,  wbnt  it  is  said  to  be  good,  and 
and  about  2  fbet  thick. 

16.  "North  Shoots'*  team.   No  detaU  known. 

16.  *'  Smith  Skoott**  aeam.   No  detail  known. 

17.  "Bibaad"  team.   No  detaU  known. 

18.  "  StamtS^  "  coal.  Hue  seam  haa  onilr  proved  as  yet 
in  one  w  two  places.  At  tiie  Vobster  Old  Pit  it  was  met 
with  in  a  bnuicn.  At  Edfbrd  it  proves  w^  sometimes  14 
or  15  feet,  but  irr^rulu.  It  is  chiefly  used  for  smitii's  eoal. 
It  is  extremely  fiet^,  giving  imt  gas  very  quickly  when  first 
opened.  After  being  well  opened  it  is  not  dangerous  to 
work.  It  contains  partings  of  2  inches  or  3  inches  thidc, 
of  a  kind  of  cannel ;  also  la^  pieces  of  "  brass."  ^le 
coal  is  free-burning  and  very  brittle,  thonj^  not  soft. 

19.  "Blue  Pot"  team.  A  small  seam  said  to  be  of  good 
quality,  abont  18  inches  thick. 

20.  *'FBr»  Bag  "  smim.  Thickness  variable;  at  Moor- 
wood said  to  be  5  feet,  but  much  thinner  at  Vobster,  about 
2  foet  6  inches.  Very  fieiy  between  Vobster  and  Nettie- 
bridge  but  not  at  Moorwood.  It  is  every  when  a  good 
smiA'aeoBL 

21.  "  Stone  Rag  "  seam.  Thioknefls  also  variable,  said 
to  hnve  been  14  feet  tiiiok  at  Moorwood ;  at  Vobstn  about 
6  fset.  Voy  fiery  east  of  Moorwood,  but  not  at  that  fut. 
The  stone  lag  is  a  very  (food  coking  ooal ;  and  also  fer 
houadiold  purposes,  faunung  to  a  red  ash.  It  oontuns 
thin  bands  of  mother  coal,  which  qwil  it  for  use  as  smith's 
coal. 

33.  " Main  Co^'*  or  "  CalloM"  team.  This  is  a  good 
thick  seam,  rarely  less  than  6  feet,  and  said  to  be  enor- 
mously tiiioker  at  Ashwiok.  It  has  been  very  extensiTely 
worked  throughout  the  vall^,  and  contains  much  firenJamp. 
In  quality  it  is  an  excellent  smith's  or  coking  ood,  and 
for  this  purpose  is  now  sold  at  Edford  and  Vobster. 

23.  "  Perrink  "  (Perwmk  f)  team.  This  aeam  is  Mgo- 
larly  3  fbet  6  inches  thick,  and  lies  well  for  wwking,  when 
not  disturbed  by  faults  as  at  Vobster.  It  is  a  tenmkab^ 
good  coking  coal,  and  prubalily  only  its  first-rate  qualiliy 
for  coking  and  iron-smelting  enable  tiie  proprietors  vit  tiic 
Vobster  collieries  to  persevere  uatler  so  many  difficulties. 
The  "  Perrink  "  is  always  very  subject  to  fire-damp  from 
Vobster  to  Nettlebridge,  but  not  aC  Moorwood  and  Ash- 
wick.  It  is  a  very  might  coal,  and  like  the  '*  CaUows 
seam,  wherever  it  has  yet  been  worked  consists  chiefly 
small  coal. 

24.  "  White  Axeu"  {ashes)  seam.  Not  much  worked. 
About  4  fret  thick,  and  good  smith's  coal. 

25.  " Bitd  Axett"  team.  About  2  feet  6  inches,  said  to 
be  a  good  household  coal.  Very  much  subject  to  water  in 
consequence  of  its  proximity  to  the  millstone  grit.  (See 
Asfaton  Vale  "  Little  "  seam). 

These  two  seams  have  betm  but  very  Kttle  wrou^i^  on 
account  of  their  isolated  position,  and  also  their  UamH^  to 
water. 
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List  of  known  Coal  Sbams  on  the  two  sides  of  the 
KiNOBWooB  Anticlinal. 

South  Bins. 


Golden  VaUe^. 

fl.  in. 

MiU  Grit  Vein    -        -        -  3  0 

Bi^Vein       .         .  -  2  0 

Denl'sVon      -        -        -  2  2 
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Bnff  Vein 

PuTot  Vein 

Brimvbme  Von 
HazcoEi  Von 


6  0 
1  9 


SUM**. 

No.  1 
No.2  - 
140.3 

H<diiiei  Vein 
WliitelttU  Vaiu 
QoMnbown  Van 

Dmuombe. 

Polecat  Vein 

Dozall  Vein 

U^per  five  Coala  Vein 

Pnmroee  Vein 

Lijlong  Vdn 

Old  Tomd  Vein  - 

TVow  Vdn 

Pig's  Cheek  Veinl 

Nonnu's  Vein. 

Hard  Vein 
Five  Coals  Vain 
Tharfer  Vein 
Great  Vein 
Gilhu  Inn  Von 
Little  Toad  Vein 

Pttrlter*§  fSnrnnd, 
PBrker*a  Ground  Top  8«am 
Ditto  Middle  Seam 
DHio  UMe  Sean 


No.  1 
No.2 


North  Side. 


Sti^U  Hilt, 


-  4  0 


3  0 

1  6 

2  6 

1  0 

2  8 

3  6 


thin. 

1  10 

2  0 
liiin. 
thin. 
2  6 
1  0 
thin. 


•  1  2 

-  2  10 

-  1  4 

-  4  6 
■  1  3 

-  1  0 

-  1  2 

-  2  2 

-  0  10 


:i  0 

1  R 


1  4 

3  0 

2  6 
1  6 


1  3 

3  0 

3  0 

1  3 


5  0 
2  0 


Stinker  Vein 
Cock  Vein 
CSktek  vein 

t  HanVflsn 
pBiiBaoL 

Golden  Look  Vein 

Skepierdt'. 

Brittain's  Vein  - 
Stabb'B  Vein 
Shdly  Von 
Hard  Vein 

SomtdmeU. 

Fiva  Coal  Vein  - 
Tlrnrte  Vc&n 
Great  Vem 

Gillex'B  Inn  Vein 
Little  Toad  Van 
Slate  Vein 
Stonr  Vdn 
Smith  Cud  Vein 
Hard  Ventim  Vein  • 
Coal 


APPENDIX  D. 


Iabt  of  Old  and  Nbw  Goal  Pits  in  tiia  Gloucibikb- 
SHIRK  and  SoMKRsaTSHiRi  Field. 

NoTR. — TTiose  in  italics  are  no  longer  in  work. 

CromhaU  Sl^me  Pit. 
Ditto  Old  Pit. 
T^pwetl  Bridge  Pit. 
WMleyPit. 
Tale  Old  Fit. 


H  4 


Ditto  New  Pit. 
Ditto  Little  Vein  Pit. 
Rangewortfar  New  Pit. 

Une  Pit.  Coal  FH  Heaifa. 
May's  Hill  Pit,  ditto. 
Grtme  Pit,  ditto. 
Oxbridge  Pit,  ditto. 
Upper  mtimey  Pit,  ditto. 
Ram  HiU  Pit,  ditto. 
CWeA  Letm  Pit,  ditto. 
Serri^e  Engine  PU,  ditte. 
New  Engine  Fit,  ditto. 
No,l\SngimeFit,dittc. 
Lower  Whtaueif  P*l>  diitto. 
Dttdley  Pit. 
Parkgate  Pit. 
Fry's  or  Dod^M  Pit. 
Cook's  Pit. 
Pwkfleld  Pit. 
Timer's  Pit. 
Brandybottom  Pit. 
Old  Et^ne  Pit,  Shortirood. 
Lower  Wood  Pit,  ditto. 
Upper  Wood  Pit,  £tto. 
Ckaffhouse  Pit,  ditto. 
Cook  and  T^ateher's  Pit,  ditto. 
Pryar's  Pit,  Mangot^ld. 
2  Mangot^^  Seam  Pits. 
Sittom  Common  Pit, 
8i$ton  Engine  Pit. 
Bonnjfmomt  Pit. 
Made-far-eoer  Pit. 
Staple  Hill  PU. 
Ditto  Engine  Pit. 
Cheltenham  Pit,  Kingswood. 
Tennis  Court  Pit,  eUtto. 
Crovm  Pit,  Warmley. 
2  Grimtbury  Pits,  mto. 
Batchelor's  Pit,  Cock  Road. 
Cock  Road  Pit. 

Holly  Gaett  Pit,  Bart's  Court. 
Jay's  Pit,  Kingswood. 
Potter's  Pit,  Kingswood. 
Hopewell  Pit,  ditto. 

Dace  t(f  Beautort's  Pit,  Kingswood  Lodge, 

Great  Dieot  PU,  ditto. 

Little  Dicot  Pit,  ditto. 

New  Engine  Pit  (Shepherd^s). 

Dog  Pit,  ditto. 

SomidwM  High  Pit. 

Ditto  Middle  Pit. 

Ditto  Lower  Pit. 

Monk's  Pit,  {Shepherd). 

Duke  of  Bem^orfs  PU,  Staplelon, 

2  Castles  Pits,  tUtto. 

New  Bidgeway  Pit,  ditto. 

Cock  Pit,  ditto. 

Victoria  Pit,  Kingswood. 

Royal  Oak  Pit,  dUto. 

Parker's  Pit,  ditto. 

Lodge  Pit  (Monk's),  ditto. 

New  Lodge  Pit,  ditto. 

Pba  Vein  Pit,  dUto. 

Dmteombe  PU,  ditto. 

Leva  Pit,  ditto. 

Fndge^s  Pit,  ditto. 

Bidgeway  Pit,  ditto. 

DoxaU  Pit,  ditto. 

New  Deep  Pit,  ditto. 

Speedwell  or  Starreall  Rt,  ditto. 

Air  Balloon  Pit. 

Jeffrey's  HUl  Pit, 

Crew's  Hole  Pit. 

2  Old  Pylemarsh  Pits. 

New  Pylemarsh  Pit. 

WhitehaU  (or  New  Eaaton)  Fit 

Boston  Old  Pit. 

Eaaton  (Brickyard)  Fit. 

Pennywell  Road  Pit. 

Va^irnia  Pit,  Hankam. 

Old  Cow  Horn  Wl  Pit,  ditto. 

New  ditto. 

Boll  Haws  Pit. 

Hole  lAne  Pit. 

Old  Hole  Lane  Pit. 

Golden  Valley  New  Pit,  Bitton. 

Ditto  Old  Pit.  ditto. 

Globe  Pit,  Newton  8.  Loe. 

Pennvquick  Pit,  Twaton. 

Old  EMute  Pit,  Bednm^er. 

Great  Engine  Pit.  ditto 
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Starveall  Pit,  ditto. 
Brain's  Pit,  ditto. 
Deep  Pit,  ditto. 
MtSnao  Vale  Fit,  ditto. 
■  GokktoM  or  North~aid9  Pff ,  dUto. 
Dew  Lane  Fit>  ditto. 
Marsh  Pit,  ditto. 
Gunner's  Fit,  ditto. 
New  Land  Pit,  ditto. 
Sixty's  Pit,  ditto. 
New  Ashton  Pit. 
Old  ditto. 

Younowood  Pit,  tfaUtea. 
Buciland'g  Pit,  ditto. 
Farler's  Pit,  ditto. 
New  Enffine  Pit,  ditto. 
Golden  Valley  PU,  ditto. 
Old  Glasshouse  Pit,  ditto. 
Heath  Pit,  ditto. 
Now  ^t.  ditto. 
OldN(alKaPit,dUto. 
KingshUl  Pit,  ditto. 
Amberkmds  PU,  ditto. 
3  Old  BaekweU  PUs,  ditto. 
PauItoQ  Bnfpne  Pit. 
Old  Paulton  Pit. 
Paulton  Hilt  PU. 
Ditto  Ham  Pit. 
Britton's  Upper  Pit, 
Ditto  Middle  Pit. 
Ditto  Lower  Pit. 
Great  Salisbury  Pit. 
Slyviny  {Salisbury)  Pit. 
2  Middle  Salisbury  Pits* 
Old  MiUfl  Pit. 
Springfield  Pit. 
Fwrington  Gum^  Fit, 
Wdtott  HiU  Pit. 
Old  Welton  Pit. 
Norton  Hill  Pit. 
WeUmy  Fit.  lUdstoek. 
Ludlow's  Pit,  ditto. 
Middle  Pit,  Radstock. 
Old  Pit.  ditto. 
Tyning  Pit,  ditto. 
Smallcombe  Pit,  ditto. 
Hoiiih  Pit,  ditto. 
Upper  Writhliagton  Pit,  ditto. 
Lower  ditto,  ditto. 
Fojccote  Fit,  ditto. 
ShosconA  Pit,  ditto. 
Bmysdown  Pii,  ditto. 
Woo^arrow  Pif ,  ditto. 
CiAodowD  l^t,  ditto. 
Camerton  Old  Pit.  ditto. 
Ditto  New  Pit,  ditto. 
Dunkerton  Old  Pit,  ditto. 
DUto  New  PU. 

Upper  Coii7j;re  Pit,  Tinubatr. 
Lower  ditto,  ditto. 
Old  Grove  Pit,  ditto. 
New  Grove  Pit,  ditto, 
TVfitfljr  Pit,  ditto. 
HaytiDood  Pit,  ditto. 
Witbr  Mills  Pit,  ditto. 
Fmnoorough  New  PU. 
Frf»  Bottom  Pit. 
Ridge's  or  dmttott  Ham  PU, 
GnjBidA  New  Pit. 
DUto  Old  PU, 

Old  Haygrove  PU  (F^rmboromgh). 

Woody  Hayprove  Pit,  ditto. 

Hayyrove  Sngme  PU,  ditto, 

Ratcomb  PU,  dUto. 

Meamt  Pit,  dUto. 

MeaTelmd*s  PU.  dUto. 

Amesbury's  Pit,  ditto. 

Allen's  Paddock  Pit,  ditto, 

5  Glutton  Manor  Old  PUs. 

TeTM)le  Cloud  PU. 

Bishop's  Sutton  Old  PU. 

Ditto  New  Pit, 

TVams  Pit,  Bishop's  Sutton. 

Mells  New  Pit. 

I^moer  Catch  PU. 

Upper  Catch  PU. 

Btlboa  Old  PU. 

Vobster  Old  Pit. 

Old  Lower  Vobstsr  PU. 

Old  Vobster  Breach  PU. 

Nnr  Breaoh  Pit,  Vobster. 


Goodeme^  PU. 

Nei^myOldPU. 

Ditto  New  Pit. 

MaokintoHh  Pit. 

3  New  Ringing  Pits. 

Moon's  PU. 

Edford  New  Pit. 

Dyas  Bridge  Pit. 

Duck's  Nest  PU. 

E^ord  Comtnon  PU. 

Old  Moorwood  PU. 

New  ditto. 

New  Rock  Pit. 

OlddUto. 

Old  PUeot  PU. 

Long's  PU,  Nettlebridge. 

Sweetleaze  I^t,  ditto. 

Old  NettUbridge  Pit,  ditto. 

Strap  Pit,  ditto. 

Barlake  PU,  ditto. 

Shemridge  PU. 

Harvey's  Hill  PU. 

Lantern  Pit. 

New  England  PU. 

Leacham  Pit. 

3  Coal  Barton  PUs. 

Total  214,  of  which  64  ue  now  open. 


APPENDIX  E. 


Shobt  List  of  the  Chief  Faults,  coDuaenciug  on  the  North. 

1.  Coal  Pit  Heath  fenlt  (see  section  from  Serem  to  Chip- 
pins  Sodbury),  eommenciiiff  Jat  Cromhall,  and  passing  due 
Boiffih  across  Goal  Heafn.* 

2.  North  Kinggwood  fault,  commenciiiK  to  the  south  of 
Stapleton,  possinir  eastward  along  tiie  noiih  nde  of  Kings- 
wood  Hill,  and  to  the  south  of  Mangotsfisld  railway 
station. 

3.  The  Kingawood  circular  fault,  commencing  in  two 
branches  to  the  east  of  Fishponds,  paHing  round  west  of 
Kingawood  Lodge,  and  then  south-westerly  towards  Mount- 
hill,  on  the  south  slope  of  Kingswood  Hill. 

4.  The  Willsbridge  fault,  commeQcing  at  Willsbridge, 
passing  over  Jay  Hill,  and  to  the  north  of  Upton  Cheyney, 
and  thence  through  the  oolites  in  an  easterly  direction. 

5.  A  fault  running  east  and  west  to  the  south  of  Eas- 
ton  Colliery,  and  catting  o£F  the  workings  from  Bristol. 

6.  A  fault  running  north  and  south  thiotigb  Bedminsta, 
and  cutting  off  the  Bedmioster  workings  from  Bristol. 

7.  The  great  Farmborough  fralt,  commencing  near  Glut- 
ton, passing  just  to  the  north  of  Fry's  Bottom  Pit,  passing 
under  Barrow  Hill  and  Wall-mead  Fann,  cutting  off  aU 
the  workings  of  'Hrasbiuy,  Glutton,  High  Littleton,  &o. 

S.  A  fault  conmiencing  to  the  north  of  HaUatrow  (near 
Paulton),  and  passing  N.N.E.  near  Gnyfield  CoUierr  to 
the  great  Farmborough  fault,  which  it  joins  due  south  from 
the  village  of  Farmborough. 

9.  The  great  Timsbot^  fault,  commencmg  to  the  south 
of  Temple  Cloud,  passing  to  the  south  of  tbe  Union  at 
HaUatrow,  thence  to  the  south  of  High  Littleton,  and  to  the 
north  of  the  Withy  Mills  and  Lower  Gonygre  coUicnes,  and 
through  Medyate  rarmto  Dunkerton  Old  Ht. 

10.  A  &ult  joining  Nos.  8  and  9,  and  passing  south-west 
and  north-east  on  the  west  side  of  High  Littleton. 

Hi  The  great  Claudown  fault,  commencing  near  the 
Lower  Conygre  Pit,  Tfansbnry,  and  passing  nearly  south  to 
Clandown  Colliery,  thenoe  sontii-west,  passing  the  Bad- 
stock  collieries  on  the  west  side,  and  continuing  its  course 
in  a  southerly  direction,  it  mar  be,  till  it  joins  the  notii 
and  south  funlt  passing  through  Newbury  Gollieiy. 

13.  Hie  Camerton  "  Pit"  fault,  passing  in  an  cast  and 
west  direeticm  through  the  two  Camerton  pits. 

13.  A  finlt  passing  in  a  north  and  south  diieotion  mid- 
way between  Old  Welton  Collio^  and  the  village  of  Wdton, 
and  tending  to  the  easton  side  oS  Nnton  Hill  Collieiy. 

14.  The  Radstock  "  Slide"  fhvlt,  which  is  approximately 
horizontal,  exten^g  beneath  Radstock  fhmi  the  **  Old " 
Pit  in  the  north  to  an  unknown  distance  southwards  (bat 
certainly  past  Bramhill  Farm),  and  from  Upper  Writhllng- 
ton  Fit  in  the  east  probably  to  the  village  of  Welton  in  the 
West.  Tlie  vertical  displacement  caused  by  this  fault 
varies  from  0  to  60  yards,  and  the  amount  of  "  slide  "  from 
Oto  360  yards. 
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15.  The  Edford  taxiii,  rannina  neartj  Dorth  and  lonth 
by  the  road  from  Holcombe  to  Eaford  and  Beckton. 

16.  A  fault  runninjT  N.N.W.  and  S.S.E.  from  Holeombe 
to  tiie  wMtern  ade  of  the  Old  Coal  Barton  CoUieiy. 


APPENDIX  &. 


APPENDIX  F. 


Abbtkact  of  a  Rkfort  to  tha  Bristol  Chamber  of  Com- 
merce, on  the  queation  of  a  probable  extension  of  the 
Gloucestershire  Coal&eld  to  the  west  of  AlxnondS' 
buiy,  Ac,  and  beneath  the  marshes  and  Serern  River. 
By  Chablbs  Ricbardson,  C.E. 

About  the  middle  of  the  railway  cutting  west  of  tunnel 
at  I^tchway  the  carb.  limestone  dips  aS'^E.S.E.  Further 
west  in  the  cutting  the  limestone  becomes  contorted  for 
16  chains,  and  suddenly  we  come  on  fireclay  and  coal  lyin^ 
unconformably  to  the  carb.  limestone.  The  dip  of  the  coal 
beds  is  verticid  at  the  surface,  but  becomes  W.N.W.  below. 
At  the  Burbce,  the  beds  are  turned  completely  over. 

The  new  red  sandstone  underlies  the  salt  marsh  about 
33  feet  from  hence  to  the  Severn,  and  forms  the  half-tide 
shoals  called  "  English  stones "  on  the  east  side,  and 
"  Lady  Bench  "  on  the  west  side  of  the  low-water  channel. 
The  new  red  sandstone  is  here  remarkably  level  and  firm. 

BoriDgs  have  been  made  near  the  Severn.  One  at  New 
Passage  shore  was  70  feet  below  the  marsh  level,  and  did 
not  penetrate  to  the  bottom  of  the  new  ted.  That  on  the 
^glifdi  stones  went  through  the  new  red  at  80  feet  from 
marsh  level,  and  came  into  the  black  strata.  Tbe  third  on 
Portakewet  thon  went  95  feet  through  new  red,  and  came 
into  flreday,  like  that  in  the  cutting  at  Almondsbuiy ;  in 
this  the  hewing  went  down  to  120  feet  from  aurface.  and  was 
abandoned. 

The  carb.  limestone  appears  in  the  rsdlway  cutting  at 
Portskewet,  dipping  east. 

In  the  rwlway  cutting  at  Almondsbury,  and  at  Catty- 
brook,  coal  seams  have  been  found,  one  bed  being  4  feet 
thick,  and  burning  freely  with  a  white  ash.  This  seam 
appears  to  have  been  worked  already  (about  from  old 
coins  of  tbe  Birmingham  Mining  Company  found  there). 
The  seams  ne  almost  vertically. 

The  outcrop  of  these  seams  may  be  traced  north  and 
south  for  about  a  mile  through  Knole  Park. 

This  coal  basin  extends  probably  from  the  Denny  Island 
to  the  Old  Passage,  where  there  is  apparently  a  neck,  th& 
mountain  limestone  closing  in  on  both  aides ;  and  turn 
thence  again  probably  to  Berkeley,  where  the  old  red  sand- 
stone comes  up. 

This  would  give  an  area  of  about  100  square  miles  for 
tiiiB  coalfield,  a  large  portion  of  which  is  under  the  Severn. 


Hb.  PsnrwiCK. 
SomamMiin. 


Section  of  Mr.  Oxle 


near 


Pit  and  Boring  at  Withan  Hole 
i^ome.  1867  and  1868. 


Surface  day 
Blue  clay 

Ditto  with  "giyphcea" 
Blue  marls 
Blue  rock 


ft.  in. 

10  0 


ft.  in. 


70 
20 
50 
1 


0  to  80 
0  100 
0  150 
2  151 


0  220  0 
0     235  0 


0 
0 
0 
2 

Thin  layers  of  sandstrael  ft.  in.      tt.  in. 

and    limestone    wiHi  \  48  10  to  2000 

"trigonia"  -J 
Ijight  grey  maris    -         -  20 
Brown  and   blue  sand-*} 

stone    and    limestone  >  15 

rock       -      -  -J 
Sandstone     (dirty  cream 

colour)  - 
Light  green  marls  - 
Dark  grey  marls 
Whitish  marls  -       -  30 

Limestone    with    white  \ 

spots  of  carb.  lime      -  J 
Marl  slate  1 

Hard  limestone  granular  I 
and  oolitic        -         -  J 
Marl  slate  ? 

Sands  and  sandstones  al- 
ternating in  beds  18 
inches  thick 


251 
281 

287 

290 

293 
2% 


0 
0 

0 

0 

0 
0 


20   0     316  0 


(The  boring  was  continued  to  a  total  deptli  of  600 
feet ;  details  not  known ;  but  no  sign  of  coal 
measures. 


APPENDIX  H. 


Tablkb  of  Coal  Returns  of  the  109  parishes  of  tiie 

Coalfield. 

These  returns  give  the  particulars  of  depth,  thicknees, 
&c.  of  each  seam  in  Bvtry  parish,  but  as  they  oocupr  109 
sheets,  and  the  summary  of  them  appears  in  Appencux  I., 
it  is  not  conndered  neceasaiy  to  attach  them  to  uus  Report. 
Thtj  will,  however,  remain  available  fur  inspection. 
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No.  12. 

My  Deak  Sie, 

By  snatches  of  time  now  and  then  from  other  duties  I  have  got  through  mv-Coal  Commission 
Report,  which  accompanies  this  letter.   A  relative  map  is  also  sent.  Bootiaiid. 

I  have  preferred  giving  the  sections  of  coal  in  the  several  districts  in  a  form  which  can  be  printed  in 
little  space,  rather  uian  numerous  drawn  sections,  which  unnecessarily  swell  the  Report. 

I  am  in  town  for  a  few  days,  and  could  see  you  at  Room  G,  should  you  consider  a  meeting 
expedient 

Yours  truly, 

John  Geudes, 

9,  Princes  Street,  Cavendish  Square. 
John  F.  Campbell,  Esq.,  8th  July  1870. 

Room  G., 

House  of  L^rds. 


Mt  Lord  Duxe, 

As  a  member  of  the  Royal  Coal  Commission  appointed  in  1866,  **to  investigate  the  probable 
'*  quantity  of  coal  contuned  in  the  <»>alfields  of  the  United  Kingdom,  and  to  report  on  the  ouantity  of 
"  such  coal  which  may  be  reasonably  expected  to  be  available  for  use,"  I  have  now  the  honour  to 
report  to  you  and  the  general  body  of  the  Commission  on  the  Scotch  division  of  this  important 
inquiry. 

In  the  early  part  of  the  work  I  was  favoured  with  communications  on  the  subject  by  the  Right 
Honourable  T.  F.  Kennedy,  of  Dalquharran,  and  the  late  P.  B.  Mure  Macredie,  Esq.,  of  Perceton, 
regarding  their  Ayrshire  coalfields ;  and  subsequendy  I  received  from  Mr.  Mofiat,  of  Ardrossan,  and 
Mr.  Baira,  of  GleiM;amock,  detuls  of  their  mineral  districts. 

Mr.  Johnston  or  Alva,  an  extensive  mineral  owner  in  Clackmannanshire,  also  replied  to  an  early 
circular  on  the  work  of  the  Commission,  and  I  bad  the  use  of  his  working  plans,  and  tnose  of  the  Alloa 
Colliery  Company,  who  at  present  are  l^e  chief  coal  masters  in  that  county ;  and  I  hare  for  long  had 
access  to  other  working  plans  of  the  Scotch  coalfields. 

I  was  aided  professionally  by  Messrs.  Robertson  and  McReath,  in  Lanarkshire,  and  Mr.  ^Villiamson 
in  East  and  West  Lothian;  and  Mr.  Davidson  in  Mid-Lnthian,  and  Mr.  Greig,  of  Coltness,  furnished 
detaUs  of  that  coalfield. 

From  information  thus  obtained  and  knowledge  acquired  personally  in  all  the  mining  districts  of 
Scotland  during  half  a  century,  I  have  now  to  report  as  follows: 

I.  The  metropolitan  county  of  Edinburgh  contains  extensive  coalfields,  ranging  from  the  sea  coast 
at  Fortobello,  by  Gilmerton  and  Loan  Head  to  Carlops,  where,  curving  southward  and  eastward,  the 
coalbeds  extend  by  Arniston,  Newbattie,  Dalkeith,  and  Musselburgh,  and  pass  under  the  Frith  of 
Forth.  A  portion  of  this  coalfield  reaches  south  of  tiie  Roman  Camp  by  Eagehead  to  Ps^head,  and 
the  following  are  sections  at — 


Bnmstain. 


Greymechaa 
Salters'  coal 
Ninefeet  seam 
Fifteen  feet  coal 
jSeven  feet  coal 
Seven  feet  coal 


Clay  Knowes 
Splint  coal 
Bongh  coal 
Beefie  ooal 

Diamond 
Jewel  coal 


Great  seam 
Rongh  cool 
Splint  coal 
Parrot  coal  - 
Jewel  cold 


Stonyhill. 


Whitehill. 


h.  in. 

3  8 

8  0 

8  7 


12 
4 
15 


£2  0 


ft.  in. 
2  4 


SS  2 


ft.  in. 


17  3 


Fortobella 


ft. 

in. 

Allan's  coal 

2 

0 

Splint  coal 

3 

2 

South  Parrot 

2 

4 

Little  Rouf^ 

2 

0 

Flakes  - 

-2 

3 

Rumble  coal 

3 

6 

Great  Seam  - 

6 

6 

Stairhead 

4. 

6 

Great  GUleapie 

3 

0 

little  Gillespie^  - 

2 

3 

Corby  Craig  - 

5 

0 

Stinkie  coal 

2 

10 

Little  splint  - 

2 

6 

Big  splint 

4 

0 

Little  Corby  Craig  - 

4 

6 

Carlton  coal 

4 

10 

Real  Carlton 

3 

0 

Blue  coal 

2 

0 

Diamond  coal 

2 

7 

Korth  Greens 

4 

8 
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Loanhead. 


Sclatey  coal 
Tbin  coal 
Flakes 

FuTOt  coal  • 
Great  seam 
Stairhead 

Gillespie 
Black  Clu^ 
Thin  coal 
Splinty  coal 
Stinkie 
Thin  coal 
Glass  coal 
Parrot  coal  - 
Stony  coal 
Ck>rby  Craig 
Splint  coal 
South  coal 
North  coal 
North  Greenfj 


ft. 

in. 

■  3 

6 

-  2 

0 

-  5 

0 

-  4 

0 

-  14 

0 

-  8 

0 

-  3 

3 

-  4 

8 

-  1 

10 

-  2 

9 

-  t 

6 

-  I 

1 

-  3 

0 

-  1 

0 

-  4 

0 

-  8 

3 

-  3 

0 

-  5 

3 

3 

0 

.  4 

6 

81 

7 

Newbattle. 


Upper  coal 
Deception 
Coal  Cryne 
Mavis' coal 
Great  eeam 
Diamond 
Thin  coal 
Siller  Willie 
Blackbird 
Coronation 
Splint  coal 
Smithy  coal 
Bryant's  splint 
Aleck's  coal 
Kail  blades 
Parrot  cannel 


ft.  in. 
2  3 


2  10 

2  4 

5  0 
2  7 

6  0 
2  3 

52  3 


At  Brunstain,  Portobello,  and  Loanhead  the  beds  of  coal  are  termed  "edge  seams,"  from  their  great 
steepness,  and  at  Whitebill  and  Stonyhill  the  coals  are  distinguished  as  "flat  seams,"  from  their 
moderate  dip  ;  and  a  careful  estimate  of  the  whole  results  in  there  being  of  unworked  coal 
2,153,703,860  tons,  besides  a  large  area  seaward,  to  be  noticed  afterwards. 

II.  Lanarkshire,  as  the  chief  manufacturing  district  of  Scotland  in  iron,  and  affording  supplies  of 
coal  for  the  great  city  of  Glasgow,  and  the  various  requirements  along  the  River  Clyde  for  ship- 
building, marine  and  locomotive  engines,  and  spinning  machinery,  fee,  ranks  not  least  among  our 
Scotch  coalfields;  and  bearing  in  mind  how  vastly  Glasgow  has  increased  in  commerce  and  population 
during  the  last  half  century,  especially  the  extension  of  the  iron  trade  in  the  county,  we  are 
prepared  to  expect  that  extensive  excavations  of  coal  have  ab-eady  been  made ;  and  this  is  actually  so 
M-ound  Glasgow,  Coatbridge,  Airdrie,  and  Wishaw  districts.  But  stall  there  is  much  coal  remaining 
to  work  in  Wishaw,  Hamilton,  and  Douglas*  and  other  parte,  and  the  abundance  of  it  is  indicated  by 
sections  of  the  seams  given  below. 


Taiiuochsi<ie. 


Coa  - 
Upper  coal 
Ell  coal 
Fyotshaw 
Main  coal 
Humph  coal 
Splint  coal 
Sourmilk 
Virtue  WeU 
Killtongue 


Humph  coal 
Splint  coal 
Vir^  coal 


111. 
6 
4 
0 
3 
4 
6 
6 
3 
10 
6 


IlHmiUon. 


WellBhot. 


30  0 


ft.  in. 
2  9 


Douglas. 


Position  coal 
Gas  and  &ee  coal 
EUenora  coal 
Coal 
Coal 

Nameless  coal 
Coal  - 
liittle  Drum 
Big  Drum 
Skaterich 
Kukioad 
Stoney  coal 
Black  coal 
BdbVs  coal 
-BvniLWn 

Coal 


10  9 


ft,  in. 

6  0 

3  0 

3  6 

1  10 

1  6 

3  0 

2  3 

4  0 
8  0 

4  0 

5  0 


Upper  cotd 
£11  coal 
Pyotshaw 
Main  coal 
Humph  coal 
Splint  coal 
Virgin  coal 
Blackband 
Killtongue 


ft. 
1 

7 

4 

4 

2 

3 

2 

1 


in. 
6 

0 

0 

6 

4 

8 

4 

6 


-    2  8 


29  6 


Wishaw. 


-   2  0 
64  1 


Upper  ooal 
EUooal 
Pyotshaw 
Main  coal 
Humph  coal  - 
Splint  coal 
Virtue  Well 
Killtongue 
Dromgray 
Drumgray  No. 


ft.  in- 
1  3 


27  0 
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From  whidi  the  calcnUtioDS  made  refluU  in  a  total  (tf  un worked  coal  of  £,044,090^816  toue. 

in.  Pifeshire  also  has  an  important  coalfield,  and  includes  first  class  gas  or  cannel  coalt  good  steam 
coal,  smithy  coal,  iron  making  coal,  and  some  anthracite. 

The  eastern  division  embraces  Kirkaldy,  Dunnikier,  Dysart,  Wemyss,  Largo,  Earlsferry,  St. 
Monance,  Pittenweem,  Ceres,  and  some  lesser  disuicts,  where  the  strata  are  much  broken  by  trap, 
and  llie  tiiicknesses  of  coal  is  variable.   Thus  the  sections  are  at — 


Wemyss. 


Pilciunbare 
Wall  coal 
Bam  Craig 
Upper  Coxstool 
Lower  Coxstod 
Den  coal 
Chemise  seam 
Bosh  coal 


Donikier. 


Smithy  co^  Na  1 
Bough  coal 
Bla^  and  Parrot 
Threafeet 
Smithy  coal  No.  2 


ft.  in. 
2  0 


SI  4 


ft.  in. 
2  0 


16  10 


Womyss. 


Brought  forward 
Parrot  coal 
Wood  coal 
Earl's  Parrot 
Bowhovse 
Branxton 
Coal  more 
Coal  Mange 


Total 


Dyaart. 


Borland  coal 
Landwell 
Main  coal 
Sevenfeet 


ft.  in. 

81  4 

3  0 

3  0 

2  4 


-  53  8 


ft  in. 
8  6 
-30 

-  30  0 

-  7  0 

33  6 


.Mb.  GBPDia. 
.Beotlud 


The  western  division  embraces  Clnnv,  Cardenden,  Lochgelly,  Lumfinnans,  Heath,  Blair  Adam,  Hill 
O'Beatb,  Keirsbeatb,  Lochfitty,  Balmufe,  Wellwood,  Elgin,  and  Einnedder,  also  Hallbeatb,  CuttlehiU, 
Doaibriflde^  and  Cowdenbeath,  together  with  Kirknesi)  Capeldrae,  Glencraig,  and  Lochore;  and  the 
following  an  sections  of  the  coals  at^ 

Lochgelly.  Beath  and  Eelty.  Khmedder. 

»—  ft.   in.  —  ft.  in. 

Little  Splint      -  -   3   2     Foal  coal     -        -      -36     Upper  coal 

Fourteen  feet  coal  -      -  11  11     Main  coal      -      -      -  4  0    Five  feet  eoal 
Great  sj^nt   ~      -      -   6   9     Jersey  seam  -      -      -   4   0  Splint 

Parrot  coal      -      -    -  2   7     Splint  coal      -  --SO   

Gkss  coal  -       •       -   8  0     Bank  coal    ...  4   0  13  0 

Mynheer  coal 
Five  feet  coal 
Lower  q^t 


Beath  and  Eelty. 

ft.  in. 

ft. 

in. 

-   8  2 

Foal  coal 

3 

6 

-  11  11 

Main  coal 

4 

0 

-   6  9 

Jersey  seam  - 

4 

0 

.   2  7 

Splint  coal 

8 

0 

-   8  0 

Bank  coal 

4 

0 

-   3  6 

Lochy  coal 

»  m 

4 

0 

.   4  6 

Coal 

8 

0 

-   3  6 

Oin  seam  » 

4 

0 

87  11 

29 

6 

ft  in. 
8  8 


and  the  estimated  coal  to  work  is  1,098,402895,  tons,  exclusive  of  seaward. 

ly.  In  Ayrshire  coal  is  abundant ;  but  in  estimating  the  |»obaUe  quantity  allowance  must  be  made 
fer  wants,  saws,  and  tnq>  dykes,  which  frequently  occur. 

Girran  Valley  has  an  elongated  coalfield,  about  four  miles  louff  and  half  a  mile  broad,  the  greatest 
depth  being  probably  100  fraioms,  embracing  six  seams  of  coaAt  of  which  much  is  already  worked. 

These  are, 

-  10  to  12  feet  Coral  coal  -  .  -   SI  feet 

.   3  to  4  feet  Craigie  coal         -         -         -  d|  feet 

-     -   8  to  5  feet  Bottenooal       -        -      -      -  6  feet 

The  seams  are  not  far  apart,  and,  like  the  "  edge  coals  "  of  Mid  Ixkthian,  are  very  steep.  It  is  estimated 
there  remain  to  work  about  13,000,000  tons  of  ooaL 

Dalmellin^on,  Patna,  and  Littlemill  district  is  extensive,  and  contains  a  vast  ^antity  of  unwwked 
coal ;  indeed  it  is  but  recently  brought  into  busy  operation  for  Dalmellington  Iron  Works.  Patna  seams, 
three  m  number,  and  SI  feet  thick,  are  chiefly  used  at  the  iron  worla,  and  other  seams  take  on  above 
them,  of  which  tiie  section  in  descending  order  isr— 


The  main  coal  - 
little  coal 
Cannel  coal 


Sillyhole  coal 
Splmtcoal 
Minvey  coal 


Gfbet 
4  feet 
3^  feet 


Sloanston  coal 
Camlai^  coal 
New  coal 


-  3  feet 

-  4  to  6  feet 

-  3  feet 


And  estimating  these  seams  between  the  turnpike  road  from  Dalmellington  to  Cumnoc^  and  by  the 
Rcnnan  Road,  and  Smithstone,  Ashentree,  Littlemill,  onward  by  Dmmbowie,  Polquhum,  Pipertiill, 
and  Aucbencloich,  to  Polquhaim  Fault,  the  result  is  1I5,S58>440  tons  of  unworked  coal ;  and  if  the  seams 
hold  in  between  Benbeoch  and  Rankieston,  which  seems  probable,  a  much  larger  quantity  of  coal  may 
ultimately  be  obtained  here. 

In  New  Cumnock  district  coal  working  has  hitherto  been  on  a  limited  scale,  but  now  it  is  increasing, 
and  much  good  coal  is  proved  by  pits  ma  bores  warranting  the  conclusion  that  a  large  ftore  of  coal 
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awaits  future  opwation*  The  mue  of  the  seaina  mar  be  takra  from  Watsonbum,  hj  Roughside 
FatUiead,  Boig,  Lanemark,  onward  to  the  aources  of  tue  River  Nitb,  where  it  unites  with  Benbeoch 
district  above  referred  ta    The  seams  of  coal  are  at, — 

Gdbnm.  Pathhead. 


ft. 

in. 

Coal  . 

-  3 

1 

Coal 

-  4 

5 

Goal  - 

-  1 

10 

Goal 

-  1 

11 

Coal  - 

-  3 

7 

Coal 

-  1 

9 

Coal  - 

.  2 

8 

Coal 

-  2 

9 

Coal  - 

-  1 

7 

23 

7 

ft. 

in. 

Splint  coal  - 

-  8 

0 

Soft  coal   .         >  - 

-  8 

0 

Cannel  coal   -         •  - 

-  8 

0 

Soft  coal 

-  3 

0 

Coarse  cannel 

-  6 

2 

Cannd  with  ironsttme 

-  8 

8 

Splint  and  free  coal      .  - 

-  7 

6 

27 

11 

And  the  estimated  quantity  of  unworked  coal  in  this  Upper  Vale  of  Nitfa  is  111/>21,200  tons. 

Muixkirk  is  also  an  important  coal  district ;  and  though  much  has  hem  worked  in  it,  for  iron-making 
and  gas  and  d<mieBtic  use,  there  still  remains  a  lai^  area  to  work  of  the  following  ooaU : — 

ft. 


in. 
0 
0 
4 
0 


Coke  yard  seam  -  -  -  5 

EUcoal         -  -  -  -  3 

Splint  coal  -  -  -  -  2 

Seven'feet  coal  -  -  -  8 

the  estimate  whereof  is  118,666,700  tone. 

Lugar  diviwm  of  this  great  coalfield  &11b  to  be  credited  with  seams  known,  and.parUy  worked,  at 
Common,  GKlmilscrofl^  and  iMgar,  of  which  the  section  ts, — 


Nine  feet  coal 
Soft  coal 
Catchybonr 
Hacdonald  coal  - 


ft.  in. 
•   9  4 

-  3  0 
.  <to9ft. 

-  4  6 


£11  coal  - 
Main  coal 
Coal  - 

Main  coal  - 


ft. 

-  3 

-  4 

-  3 

-  4 


in. 
0 
0 
6 

0 


Coal  - 
MuBsel  coal 
Coal 

Coal  - 


ft. 


in. 
4 

2 
7 
0 


These  coals  range  from  the  pits  at  Common  to  Auchenleck,  where  the  Main  Coal  is  probably  150 
fathoms  deeo,  and  the  estimatea  quantity  thereof  is  78,059,620  tons. 

The  MuirKirk  coals  are  far  below  these  Lugar  seams,  and  obviously  occupy  a  larae  area  around  and 
to  the  dip  of  Lugar;  but  as  boring  at  Carbel^  and  Stonebrij^  indicate  that  a  bed  of  trap  pervades 
part  of  this  field,  possibly  the  Mmrkirk  seams  may  here  be  subject  to  ''wants,"  though  at  Gas-water 
the  coal,  workings  were  not  much  afiected  by  whm  ;  but  making  allowance  for  this,  and  estimating 
betweenXugar  water  at  Cumnock  Bridge,  and  the  water  of  Ayr  at  Sorn  Bridge,  to  the  probable  outcrop 
of  these  coals,  it  is  estimated  there  are  of  unworked  coal  93,526,000  tons. 

To  the  dip  of  this  assumed  line,  towards  Catrine,  Ballochmyle,  Mauchline,  Barskimming,  and 
Failford,  where  probably  is  the  centre  of  a.  very  large  coal  basin,  a  vast  store  of  coal  may  be  reckoned. 
This  is  well  indicated  by  pits  and  partial  workmgs  along  the  crop  of  the  lower  coals  at  Sorn  rough  dylie 
and  Adamhill;  but  the  depth  of  ovorlying  red  sandstone  has  not  been  fully  determined,  thowh  it  has 
been  bored  to  a  depth  of  240  feet  in  tiie  neighbourhood  of  Mossgiel,  without  reaching  any  of  ihe  coal 
beds,  and  there  is  so  much  coal  readily  at  command  in  the  district,  without  incurring  the  expense  of 
deeper  bores  at  present,  that  possibly  ^e  Barskimming  coalfield  may  not  be  better  known  a  century 
hence  than  now  ;  but  meantime  it  is  estimated  at  450,000,000  tons  of  coal. 

.  There  is  likewise  a  great  range  of  coalfield  in  Old  Cummock  parish,  south  of  Lugar  water,  where  no 
bore  or  pit  has  yet  r^ched  the  Muirkirk  Seuns;  but  the  upper  coals  are  known  at  Guallan  and 
Garlaff,  and  deep  boring  at  Knockdunder  proves  workable  coals  there  ;  and  thus  it  is  estimated  there 
are  196,148,800  tons  of  coal  to  be  obtuned  in  the  parish. 
At  Drongun,  Sundrum,  Gadgirth,  Enterkine,  and  Auohencruive,  the  section  of  coal  is, — 

ft.  in. 


Upper  coal  - 
C^rford  stone 
Soft  coal   -  . 


2  4 
5  0 
4  0 


Diamond  coal 
Hard  coal  - 


ft.  in. 
2  8 
8  0 


And  it  is  estimated  there  are  21,118,400  tons  of  unworked  coal,  a  portion  of  which  is  anthracite,  but 
the  greater  part  is  adapted  for  iron-making  and  shipping  purposes.  * 

In  Kilwinning,  Kilmamnock,  and  Galston  districts,  the  section  of  coal  is  various,  from  two  feet  thick 
seams  at  FergushiU,  to  4^  feet  at  Dreghom,  and  6  feet  thick  at  Hurlford. 


Kilwinning. 

ft. 

Dr^lunn. 

Kilmamook. 

in. 

tt. 

in. 

ft. 

in. 

Five  quarter  eoal  - 

-  2 

11 

McNanght  coal 

-  8 

6- 

Wandering  coal 

-  2 

8 

Parrot  coal 

-  2 

7 

Towerball  - 

-  8 

4 

McNanght  - 

-  8 

0 

Turf  coal 

-  2 

4 

Major  coal 

-  8 

10 

Towerhall  - 

-  8 

0 

Wee  coal  No!  1 

-  '2 

2 

Five  quarter 

-  4 

6 

Major  coal 

-  4 

6 

Ladyha'  coal 

.  2 

2 

Parrot  coal  - 

.  3 

3 

Main  eoal 

-  4 

0 

£11  coal 

-  2 

3 

Wee  coal 

-  2 

2 

Linbed  coal 

-  2 

10 

Stone  coal 

-  2 

4 

Splint  coal 

-  3 

10 

Wee  coal  No.  2  - 

-  2 

0 

20 

7 

Turf  coal 

-  2 

9 

Main  coal 

-  3 

0 

Wee  coal 

-  2 

0 

21 

9 

28 

7 
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Hie  estimate  of  unworked  coal  in  these  districts  is  430^227,099  tons,  and  of  coal  seaward  of  Axdeer  tiyyayr 
and  Saltcoats  166,119,040  tons,  and  of  Dairy  and  Kilbiniie  coals  2,231,890  tons. 

In  the  county  of  Ayr,  therefore,  it  is  estimated  there  are  1,785,897,089  tons  of  unworked  coaL 

V.  In  East  Lothian  there  is  much  useful  coal,  applied  pardy  for  gas  works,  iron-making  Bhi{^)ing 
and  dranestic  purposes.  It  ranges  under  several  estatest  as  Carb^,^  WallyfoTd,  Preston  Grange* 
Elphinstone,  Tranent,  and  others,  with  a  tluckness  of  roal  varying  at  different  places.  Thus  at^ — 


Preston  Grange. 


ft. 

in. 

Coal  Cryne  - 

.  2 

6 

Great  seam 

"  9 

0 

DiTors  ooftl  - 

-  S 

6 

Splint  ooal 

-  8 

8 

Five  feet 

-  5 

0 

Bough  coal 

-  2 

4 

Jewel  coal 

-  4 

0 

Biggar  coal 

■    -  8 

6 

Diamond  No.  1. 

-  3 

0 

Diamond  No.  2. 

-  S 

0 

39  1 


Carbery. 


Coal  cr^ne 
Deception 
Great  seam 
Splint  coal 
Five  feet 
Roagh  coal 
Jewel  coal 


ft.  in. 

2  6. 

2  0 

9  10 

4  6 

4  0 

2  4 

3  8 

28  10 


Ruient. 


Splint 
Parrot  - 
Three  feet  - 
Five  feet 
Four  feet 
Piston  No.  1. 
Fenston  No.  2. 


It  in. 

6  0 

2  (I 

2  6 

8  4 


21  6 


and  die  estimated  unworked  coal  is  86,849,880  tons,  exclusive  of  seaward  coal,  now  to  be  noticed. 

VI.  In  connoxion  with  ihs  coalfields  of  Edinburgh,  Fife,  and  East  Lothian,  it  is  deserving  attention 
that  the  coal  beds  thereof  pass  under  the  Firth  of  ForUi  at  Kirkald^,  Dysart,  Wemyss,  and  Elie  in 
Fife,  and  at  Portobello  and  Musselburgh  in  Mid-Lothian,  and  at  Morrison's  Haven  and  Preston  Pans 
in  East  Lothian.  The  inference  is  thus  clear,  that  there  is  a  very  great  store  of  coal  under  the  river 
arailable  for  future  use ;  and  it  is  well  known  that  at  Wemysa  in  Fife,  and  at  Prestonlinks  in  East 
Lothian,  considerable  working  of  the  chief  seam  of  these  coalfields  has  already  been  made  seaward. 

The  eastern  crop  of  this  siu>marine  coalfield  ranges  irom  Seaton  in  East  Lothian  to  St  Monance  in 
Fife,  aud  Its  western  range  may  be  taken  from  Portobello  near  Edin'bugh  to  Dysart  in  Fif^  aiui  the 
oppoute  shores  are  about  twelve  miles  apart,  faaviiw  the  island  of  Inchkeith  about  midway.  It  is 
assumed,  therefore,  that  the  many  million  tons  of  cosJ  in  this  great  basin  are  in  great  measure  attain- 
able, thou^  the  period  when  and  the  depth  to  which  it  may  be  worked  may  long  be  matter  of  con- 
jecture, but  of  the  practicability  ofgetting  much  of  it  there  can  be  no  doubt 

An  honourable  member  of  tms  Commission,  whose  experience  in  such  matters  is  very  great,  is  of 
ofnnion  that,  aided  by  proper  air  shafts,  it  is  practicable  to  work  coal  ten  miles  under  the  ocean,  and 
it  is  in  evidence  that  coal  is  being  worked  at  Whit^aven  two  miles  under  tiie  sea  at  800  yards  depth 
below  the  ocean  bed.  Much  coal  must  necessarily  be  left  in  pillars  for  security  and  otherwise^  yet  the 
available  coal  under  the  Firth  of  Forth  is  1,800,000,000  tons. 

VII.  In  Dumfriesshire  there  are  two  well  defined  coal  districts,  Canobie  and  Sanquhan  including 
KirkonneL  In  both  thcve  has  been  extensive  coal  working,  yet  much  remuns  to  work.  Tba.section 
of  ooal  is  at — 


Canobie. 


Three  feet  coal 
Six  feet  coal  - 
Nine  feet  coal  - 
Steam  coal 
Five  feet  coal 
Blast  Top  - 
Seven  feet 


ft.  in. 
3  4 


-  8  0 

-  o  0 

-  4  6 

-  6  0 

86  10 


Sanquhar. 


Upper  or  creepy  coal 
Main  or  Barker 
Wee  coal  or  20  inch 
Danch  coal 
Drumbovrie  ooal 
New  ooal 


18  8 


The  S  feet  and  6  feet  seams  of  Canobie  are  already-  exhausted,  dud  the  remaonder  of  Ihe  coalfield 
is  estimated  at  8,986,195  tons  of  the  present  working  seams  ;  but  it  is  reasonably  inferred  that  Byrebum 
coals  may  be  found  to  range  below  the  Canobie  coals  ;  and  assuming  this  to  be  established  by  borings, 
the  available  coal  will  be  increased  by  14,000,000  tons  of  coals. 

Sanquhar  and  Kirkonnel  are  estimated  at  40,188,800  tons  of  available  coal,  and  it  seems  probable 
the  Muirkirk  coals  ma^  range  below  the  known  seams,  whereby  greatly  more  coal  may  yet  be  found 
in  Nithsdale.  This  is  inferred  from  an  ironstone  recently  found  in  the  coalfield  towan^is  the  mountain 
range  eastward,  and  if  this  be  confirmed  by  boring,  150  millions  tons  of  coal  ma^  be  added  to  the  above 
estimate ;  and  for  encouragement  to  deeper  bonne  the  new  coal  of  tiie  section  is  proved  below  the 
Drumbowie  coal,  which  hitoerto  has  been  considered  the  lowest  wOTkable  seam  of  this  c<»lfiel€L 

From  careful  'examination  of  Ecclefechan  district,  onward  by  Gretna  and  the  Sark,  there  is  great 
probability  of  workable  coals  being  found  mider  an  extensive  area.  Already  it  is  proved  by  boring  at 
Sprin^kell  that  three  seams  of  coal  exist  there, which,  though  thin,  are  encouraging  to  farther  search  ;  but 
exclusive  of  these  speculations  at  Sanquhar  and  Springkell,  the  workable  cod  remaining  in  Dumfries- 
shire is  not  less  than  58,173,996  tons;  and,  having  confidence  that  the  speculation  will  to  an  important 
extent  be  ultimately  realized,  it  seems  reasonable  at  present  to  put  that  quantity  at  300  million  tons  of 
coal. 

VIII.  West  Lothian  has  several  useful  seam  of  coal,  comprising  Houston  coal,  four  feet  thick,  and 
Bathgate  coals,  10^  feet  thick,  ranging  over  large  areas,  as  at  Balbardie,  Ballancrieff,  Birkenshaw, 
Woodend  and  Harthill,  Fauldhouse,  Polkemmet,  FallahiU,  and  Shotts,  and  the  important  district  of 
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Kinniel  and  Grange,  are  also  to  be  induded,  the  whole  being  estimated  at  90|450,600  tona  of  coal, 
exclusive  of  what  extends  under  the  RiTer  Forih  between  Kinniel  and  ValleTfieJd  shoies,  which  is 
estimated  at  a  further  quantity  of  87,171,200  tons  of  available  coal. 

IX.  Perdishire  has  a  considerable  coalfield,  including  Blurball,  Balgownie,  Comrie,  Overton,  West 
Grange,  and  Tnlliallan.  There  is  also  a  range  of  coals  under  the  River  Forth,  uniting  with  those  of 
Grange  and  Kinniel  of  West  Lothian.    The  section  is,— 


Lswrie  Graham  coal 
Quartz  coal 
Milton  upper  coal 
Little  coal  - 
Milton  main  coal 
Xdttle  clinhnm 


ft.  in. 
4  0 
2  3 


20  8 


Kiln  coal   -          -  -  . 

Coal  supposed  the  same  as  Boness 

Kastermain  -         -  -  . 

Blind  coal   .         -  .  . 


ft.  in. 


2 

0 

3 

6 

2 

8 

7 

9 

20 

8 

28 

5 

of  which  it  is  estimated  there  are  in  the  county  109,895,040  tons  available. 

X.  Stirlingshire  has  a  large  coalfield,  from  which  much  has  been  yielded  for  iron-making  and  shipping 
and  domestic  use  ;  but  there  still  remwns  much  to  be  worked  in  Kilsyth  district,  Slamanan,  Redmng, 
Carronhall,  Kinnaird,  Grangemouth,  Plean,  and  Bannochbum,  the  whole  being  estimated  at  106,475,436 
tons. 

XI.  Clackmannanshire  contains  an  important  part  of  the  Scotch  coalfield,  which  is  in  three  divisions 
by  formidable  faults.  The  soutfaera  portion  is  much  exhausted;  the  middle  area  has  long  been  and  still 
is  extensively  worked  ;  and  the  northern  field  is  comparatively  entire  north  of  the  River  Devon.  Tho 
following  is  a  section  of  the  coals  in  descending  order  at  Old  Sauchie. 

ft. 

-  -  2 

-  5 

-  -  2 

-  4 


ft. 

in. 

Coal  - 

-  2 

6 

Three  feet  coal  • 

-  3 

0 

Upper  five  feet 

-  6 

0 

Four  feet  - 

-  4 

0 

Nine  feet 

.  9 

0 

McNish  . 

-  2 

9 

26 

3 

Coal  Moite 
Lower  five  feet 

Splint  coal 
CoalanaoghtoQ 


in, 

0 

0 

9 

6 


14 

3 

26 

3 

40  6 

The  section  varies  in  difierent  localities,  as  at  Kennet,Clackmannan,  Harvieston,  Dollar,  tuid  Aberdona; 
and,  bringing  many  details  together,  the  result  is  87,563,494  tons  of  coal  remaining  to  w(»rk. 

XII.  Dumbartonshire  contains  a  part  of  what  is  known  as  the  Hurlot  coal,  accompanied  by  altun 
shale  and  limestone,  as  at  Duntochar,  and  some  cannel  coal  and  ordinary  coal  at  Kelvinside  and 
Knightswood,  and  smithy  coal  at  Gartshore  and  Auchenvole,  of  which  it  is  estimated  there  are 
48,618,320  tons  still  avaibble. 

XIII.  Renfrewshire,  excepting  at  Quarrelton,  where  the  coal  is  exceptionally  thick,  and  now  limited 
in  extent,  there  is  chiefly  the  lower  beds  of  coal  with  alum  shale,  at  Hurlet,  where  the  aggregate  of 
five  seams  is  11|  feet  thick,  and  cannel  coal  occurs  in  Gavan  parish,  and  ordinary  dometic  coal  at 
Titwood;  The  Hurlet  Beam  has  been  extensiveiy  worked  in  that  district;  but  under  Poloc  estate  and 
others  it  is  entire.  The  following  are  sections  at,— 

Litwood. 


Main  coal 
Stone  coal 
Radical  - 
Splint 
Coal 
Coal  - 
Coal 

Hnrlet  coaX 


ft. 
2 
2 
2 
2 
1 
2 
1 
5 


m. 

0 

8 

5 

4 

5 

2 

8 

9 


Candems. 


Hurlet. 


Salurland  - 
Stone  coal  - 
Prides  coal 
Lilliea  coal 
Hurlet  seam  - 


20  5 


ft.  in. 

1  6 

1  5 

1  8 

8  2 

6  0 

17  9 


Rough  coal 
Splint  coal 
Coal  - 
Stone  coal  - 
Main  coal 
Stone  coal  - 
Coal  - 
Hurlet  seam 
Milliken  coal 


ft. 
2 
2 
1 
2 
2 
2 
2 
5 


in, 
2 
I 
8 
4 
6 
6 
3 
6 
10 


QnarreltoD. 


Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 


28  10 


ft.  in» 

10  0 

10  0 

9  0 

27  0 

10  0 

9  0 

17  0 

92  0 


and  the  estiraate  of  coal  reaiaining  to  work  in  the  county  is  S5,88l,S86  tons. 
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XIV.  Argyleshire  has  no  coaliield  excepiang  in  the  parish  of  Gam^belton.  For  nearly  a  century 
coal  has  been  more  or  less  woi^ed  in  Cant^e,  and  a  colliery  is  still  in  operation  there  on  a  limicea 
scales  and  three  seuns  a£  coal  are  known  at  Drumlemble,  viz., — 

Cannel  or  gas  coal 
Main  coal 
Underfoot  coal 


-  U  to  2^  feet  thick. 

-  4  to  6  feet. 

-  2  to  3  feet. 


The  working  hitherto  has  been  chiefly  in  the  main  coal,  but  possibly  other  workable  coals  may 
exist  deeper  in  the  section,  and  meantune,  as  comparatively  little  of  the  Cannel  and  Underfoot  seams 
has  been  worked,  it  is  estimated  there  remain  of  them  to  be  got  809,120  tons. 

Between  Dremlumble  and  Campbelton  there  were  proved  by  boring  in  1864  five  coals. 

ft.  in. 


Caanel  coal  in  two  bands 
Coal 

Coal      -         -  - 


-  S  4 

-  1  2 

-  2  n 

7  fi 


Coal  in  two  bands 
Coal 


ft.  in. 


-  2 
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-  3 

5 

5 

5 
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5 
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Vs.  CtaODBI. 
SMMlwd. 


This  bore  does  not  determine  the  relaUun  of  its  coals  to  those  of  Drumlemble ;  but  it  is  inferred 
from  the  Cannel  coal  of  both,  they  are  probably  identical,  and  separated  by  a  fault,  and  there  may  be 
a  coalfield  here  of  some  extent  to  be  worked  nearer  Campbelton  than  the  present  colliery.  Moreover, 
the  strata  in  Terrafergus  Glen  are  favourable  to  the  existence  of  woikable  there.  No  formidable  fault 
is  observable  in  the  glen,  and  thin  coals  occur.  This  glen  is  considerably  beyond  the  outcrop  of 
Drumlemble  coals,  ana  it  seems  probable  either  that  lower  coals  may  exist  here  ou  that  Drumlemble  seams 
may  be  repeated  by  a  down  fault  south. 

These  data,  viewed  in  connexion  with  what  is  found  at  Macrahanish  Bay  in  Cuityre,  and  at  Bally- 
castle  in  Ireland,  seem  to  warrant  the  conclusion  that  under  the  ocean  there  is  a  coalfield  stretching 
between  Cantyre  and  Antrim  shores  of  considerable  extent ;  but  the  Cantyre  estimate  is  at  present 
limited  to  7,223,120  tons  of  coal,  though,  if  it  shall  ultimately  be  practicable  with  profit  to  work  coals 
here  tmder  the  sea,  as  at  Whitehaven,  the  supply  of  coal  may  be  very  much  greater. 

XY.  Sutherlandshire  has  a  peculiar  coalfield  at  Brora,  which  is  understood  to  have  been  worked 
chiefly  in  connexion  with  salt-making,  and  was  discontinued  in  1832,  probably  because  of  unprofitable- 
ness after  the  duty  was  taken  off  salt. 

From  recent  examination  of  the  district,  and  the  working  plans  preserved  at  Rhives,  it  appears  the 
pits  were  from  24  to  82  yards  in  depth,  and  latterly  steam  power  was  used  at  the  colliery,  whicnand  the 
harbour  were  connected  by  a  railway ;  but  the  whole  works  are  dismantled,  and  the  mines  filled  with 
water.  For  a  time  the  business  done  must  have  been  considerable,  and  au  eminent  engineer  reported 
the  coal  of  good  quality.  The  seam  is  44  inches  thick,  and  dips  moderately  seaward  ;  it  ranges  also 
by  TJppet,  and  a  second  seam,  14  inches  thick,  occurs  at  six  yards  below  the  main  coal;  but  it  may  be 
long  ere  a  colliery  is  revived  here.  The  estimated  unworked  coal  is  3^500,000  tons. 

XVI.  Roxbui^hshire.  The  coal  of  this  border  county  is  not  of  commercial  importance,  but  in 
connexion  with  nme-fauming,  it  has  a  local  value.  There  is  a  seam  of  20  inches  thick  in  South  Dean 
parisli,  which  for  years  was  worked  in  connexion  with  Meadow  Cleugh  limeworkSf  ud  it  is  estimated 
there  may  be  70,000  tons  of  coal  remaining  to  work;  but,  both  as  regards  quality  and  price,  the  coal 
of  Reed  water  is  likely  to  be  preferred. 

XYIT.  Berwickshire.  The  existence  of  coal  in  Mordington  parish  has  long  been  known,  but  the 
seams  (two)  are  thin,  and  recent  colliery  operations  there  were  not  successful.  A  third  coal,  4  feet  thick, 
is  sometimes  referred  to  in  the  district,  and  said  to  be  visible  at  very  low  tide  ;  but  this  is  doubtful, 
and  the  state  of  the  old  engine  pit,  in  which  the  pumps  are  said  1x>  have  been  left,  indicates  that  a 
sudden  break  down  of  the  machinery  had  occurred,  or  that  an  unexpected  flow  of  water  had  over- 
powered it  and  led  to  the  abandonment  of  the  original  works.  No  reliance,  therefore)  is  to  be  placed  oa 
Berwickshire  for  a  future  supplv  of  coal. 

XVIII.  Some  years  ago  tnals  by  boring  and  sinking  were  made  along  shore  iu  Kirkcudbrightshire 
but  without  success.  The  expectation  seems  to  have  been  that  the  Cumberland  lower  coal  beds  stretched 
under  the  Solway  Firth  to  the  Scotch  shore  ;  and  the  prevalence  of  sandstone  beds  in  the  vicinity  of 
BoUany  point  is  rather  favorable  to  this  tiieory,  and  possibly  the  search  may  be  resumed  by  other 
parties ;  but  it  is  not  warrantable  at  present  to  reckon  on  any  supply  of  coal  here. 


I.  Edinburgh 

II.  Lanarkshire 

III.  Fifeshire 

IV.  Ayrshire 

y.  East  Lothian 
VI.  Frith  of  Forth 
VII.  DumMesshire 
Vllt  West  Lothian 
IX.  Perthshire 
X.  Stirlingshire 
XI.  Clackmananshire 
XII.  Dumbartonshire 

XIII.  Renfrewshire 

XIV.  Ar:nrleshire 
XV.  Sutherlandshire 

XVL  Roxburghshire 


SUMHABY. 


Toua 


K  3 


Tons. 
2,153,703,360 
2,044,090,216 
1,098,402,895 
1,785,397,089 
86,849,880 
1,800^000,000 
368,173,995 
127,621,800 
109,895,040 
106,475,436 
87,563,494 
48,618,320 
25,881,285 
7,223,120 
3,600^000 
70.000 

9,843,465,930 

Digitized  by 


Google 


78  Q1TANTITIES  OF  OOid^^DT  KITOWK  COALFIELDS* 

|iB,8nti»»,  Hub  total  quantity  is  equal  to  8S0  yean  of  12  mUlioiu  tons  annually,  die  vend  of  eoal  in  Soothnd 
se^ttud.  for  all  purposes  in  1866 ;  and  as  to  depth  of  woridng,  our  diafis.  don't  vei  reaoh  1,200  feet,  and  it  is 
estimated  the  depth  will  in  no  case  exceed  3,000  feet;  but  large  capital  will  be  required  to  undertake 
such  depth  of  winnings,  and  the  price  of  coal  must  ran^  higher  thtui  at  present.  But  when  this  state 
of  matters  shall  prevail  is  at  present  conjectural ;  not  improbably  it  will  be  attuned  gradually  while 
the  prices  of  other  commoditiee  are  also  increasing  alon^ide  a  nse  of  the  price  of  coal;  but  however 
these  things  ma^  turn  out,  should  the  reports  of  ue  other  Commissioners  be  as  favorable  as  the  foce- 

Cg,  the  day  is  far  distant  when  the  supremacy  of  Great  Britain  shall  wane  from  want  of  coal ;  and 
the  greater  care  now  bemg  ^ven  in  our  coal  districts  to  work  by  longwaU,  and  utiliang  the  dross 
and  culm,  we  may  reasonably  reckon  on  even  a  longer  endurance  of  our  coal  resources  than  these 
estimates  indicate. 

John  Gbddbs,  M.E. 

Edmbuigh,  July  1870, 

{Bevised  April  1,  1871.) 


ux^uL.  No.  13. 

****  Jermyn  Street, 

Snt,  July  14,  1870. 

Trb  estimate  of  the  quantity  of  coal  in  Ireland,  which  was  undertaken  by  Mr.  J.  Beete 
Jukes,  F.R.S.,  the  Director  of  the  Geolo^cal  Survey  of  Ireland^  having  been  left  unfinished  through  tiie 
death  of  that  eminent  geologist,  I  requested  his  successor,  Mr.  Edward  Hull,  F.R.S.,  whose  Work  on 
the  British  coalfields  is  so  well  known,  to  complete  the  task. 

This  ohject  has  now  been  attained,  and  I  enclose,  for  the  consideration  of  his  Grace  the  Duke  of 
Argyll  and  my  colleagues  in  the  Royal  Commission,  the  report  and  tables  prepared  by  Mr.  Hull,  who 
furuier  transmits  a  letter  from  Sir  Richard  Griffith,  to  whose  personal  acquaintance  witn  the  Irish  coal- 
fidds  I  attach  very  high  importance. 

I  remain,  &c. 

Rod.  I.  MuacHisoN, 

Director  General  of  the  Geological 
Survey  of  the  United  Kingtwm. 

To 

J.  F.  Campbell,  Esq., 
Secretary,  Royal  Coal  Commisaion. 


Su,  July  16,  1870 

I  have  the  honour  to  acknowledge  the  receipt  of  your  letter  of  the  14th  inst,  and  of  tiie  report 
and  pqwrs  sent  therewith. 

I  am,  &c» 

J.  F,  Cakpkbll. 


Geoluncal  Survey  Office, 
14,  Hume  Street^  DubUn. 
Sir,  9  July  1870. 

In  accordance  with  the  desire  which  you  communicated  to  me  in  a  letter  of  the  date  of  27  May 
last,  I  have  endeavoured,  with  the  assistance  of  two  of  the  officers  of  the  Geological  Survey  of  Irelanil, 
Messrs.  G.  H.  Einahan  and  J.  O'Eelly,  to  prepare  returns  of  the  amount  of  available  coal  in  IrelaLd 
for  tihe  Royal  Coal  Commission. 

These  returns  I  herewith  enclose  in  a  tabulated  form,  from  which  it  will  be  seen  that  the  total 
quantity  renuunii^  unworked  amounts  to  upwards  of  two  hundred  and  fite  miUiom  of  torn,  of  wh^ 
about  one  hundred  and  aghty-two  tntUums  o/fyms  may  be  considered  av^lable  for  future  supply.  This 
quantity  of  coal  is  thus  di^buted  amongst  the  several  coalfields : — 

ToDDige  Ket  tonnage 

unworked.  avuUble  for  ote. 


1.  Ballycaatle,  County  Antrim  -         _      .  18,000,000  16,000,000 

3.  Tyrone  (visible  and  concealed)  -  -  -  86,960,000  32,900,000 
8.  Queen's    County,    Kilkenny,  and  Carlow 

(Leinster)          -  -         -  86,20^000  77,680,000 

4.  Tipperary            i         -  -            .  29,600,000  26,000,000 

5.  Clare,  Limerick,  and  Cork  (Muniiter)  -  23,000,000  20,000,000 

6.  Connaugbt  (Arigna  district)  -            -  12,000,000  10,800,000 


206,652,000  182,280,000 


In  estimating  the  lunount  of  mineral  fuel  in  the  coalfields  of  Leinster  and  Munster,  we  had  the 
advantage  of  the  published  maps  and  memoirs  of  the  Geolc^cal  Survey. 

In  the  case  of  the  Ballycastl^  Tyrojse,  and  Connaugbt  coalfields,  the  geological  surveys  of  which 
have  not  yet  been  commenced,  it  was  necessary.to  have,  recourse  to  other  means  of  determination.  The 
able  reports  on  theee  districts  made  by  Sir  Richard  Griffith  tc  the  Ro^al  Dublin  Society  were  found 
oS  the  greatest  assistance  in  determining  the  coal-resources  of  these  districts,  in  addition  to  which  I 
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made  specUl  visits  to  BaUrcastle  and  Dungaonoo,  for  tlie  purpose  of  coUeotii^  the  most  recent  infor- 
mation r^ardinff  die  fi^olospical  structure  of  the  coalfielcfs  in  the  vicinity  of  diese  towns.  "Witii  a 
similar  object,  Messrs.  Kinahan  and  O'Kelly  visited  Queen's  County  and  Kilkenny. 

It  will*  I  presume,  scarcely  be  necessary  for  me  to  explain  how  it  has  fallen  to  my  lot  to  make 
returns  which  were  entrusted  to  the  more  able  hands  of  the  late  Mr.  J.  Beete  Jukes,  F.R.S.,  my 
mredeceesor  in  the  direction  of  the  Geological  Surrey  of  IrelaiuL  and  one  of  the  Royal  Oommisuonen. 
His  lamented  decease  will  doubUesB  be  alladed  to  by  yourself. 

I  have  the  pleasure  of  acknowled^ng  the  valuable  assistance  of  J.  McQildowny,  Esq^  of  Clare  Park, 
Ballycastle;  ttf  J.  M.  Meadows,  of  Wolf  Hill,  Athy;  of  a  B.  Edge,  Esq.,  J.  P.,  of  Clonbrock 
House,  Carlow;  and  of  Sir  Richard  Griffith*  Bart,  F.R,S^  Inspector  General  of  H.  M.  Royal  BUnes 
of  Ireland. 

I  also  herewith  enclose  Bomecorreqwndaace  in  reference  to  the  mineral  resources  of  the  Connau^t 
coalfield. 

I  have,  &C. 

EhlWABD  HVLL, 

To  Sir  R.  L  Murchison,  Bart,  K.C.B.,  fee.  Director  of  the  Geological  Survey 

Director  General  of  the  Geological  of  Ireland. 

Survey  of  the  United  Kingdom, 
&C.  &c 

Chairman  (A  Committee  D. 


Geoltwical  Survey  Office^ 
14,  Hume  Street,  DubUn, 
Sib,  S2nd  Jnne,  1870. 

I  trust  it  may  be  considered  a  sufficient  wology  for  my  letter,  that  it  refers  to  a  matter  of  public 
int^est  in  reference  to  the  mineral  resources  of  this  country. 

Tou  areprobaUy  aware  that  a  Royal  Commission  has  been  appointed  for  the  purpose  of  investigating 
the  quantity  of  coal  still  remaining  unworiced  in  the  British  islands.  Mt  preaecessor,  Mr.  Jukes,  was 
one  of  the  comnusdonets,  and  undertook  the  returns  of  the  Irish  coalfields.  This  task,  however,  owing 
to  ffdling  health,  he  was  unable  to  accomplisl^  and  at  the  request  of  Sir  R.  L  Murchison  I  am  endea- 
vouring to  supply  the  deficiency. 

In  tiiis  work  I  shall  avail  myself,  with  aue  acknowledgment,  of  your  valuable  memoirs  on  the 
Dungannon,  Connaugbt,  and  Ballycastle  coalfields,  none  of  which  hare  as  yet  been  surveyed  by  us. 
Mt  special  object  in  writing  has  reference  to  the  Connaugbt  coalfield,  on  the  banks  of  Lough  Allen. 
I  nave  before  me  your  report  made  in  the  year  1818  to  the  Royal  Dublin  Society,  in  which  you 
give  an  estimate  of  the  quantity  of  available  coal  at  that  time. 

Much  more  recentiy  (1862-3),  the  late  Mr  Du  Noyer  visited  this  district,  and  has  published  tiie 
result  of  his  examination  in  the  ^  Geolo^st "  Ma>^arine,  March  186S.  In  this  paper  he  says  (p.  6.) 
"  In  the  year  1818,  Sir  R.  Griffith  compiled  a  mining  and  geological  report,  in  which  a  rather  too 
^  favourable  opinion  was  expressed  as  to  the  thickness,  extent,  ana  quality  of  the  coals;  this,  however, 
*'  he  subsequently  modified.** 

M(»r  I  be  allowed,  in  r^erence  to  the  above  quotation,  to  inquire  whether  ihia  statement  is  correct 
and    soy  to  what  extent  you  feel  inclined  to  reduce  the  estimates  made  in  1818. 

I  am,  &C. 

Edward  Hulu 

&  Richard  Griffith,  Bart,  L.L.D. 


S,  SltzwiUiam  Place,  Dublin: 
Dkar  Sir,  June  S7th,  1870. 

In  reply  to  your  letter  of  the  2^d  instant,  I  be^  to  state  that  in  the  year  1817,  when  I  made 
my  geological  examination  of  the  Connaught  coal  distnct^  there  were  no  published  maps  of  the  counties 
in  which  tiut  district  is  situate,  and  no  surrey  of  the  county  of  Roscommon  had  then  been  made ;  it 
became,  in  consequence,  necessary,  in  order  to  prepare  a  map  of  the  locality,  to  have  traciius  taken  from 
^e  MSS.  maps  m  tiie  counties  of  L^trim,  Sh'go,  and  Cbvan,  and  from  estate  m^s  of  t&  coun^  of 
Roscommon,  and  by  means  of  these  data  I  was  enabled  to  compile  a  tolerably  perfect  m^  oi  the 
district 

At  that  period,  though  several  trifling  coal  works  had  been  commenced,  and  soon  ailer  abandoned, 
near  the  outcrop  of  the  coal,  whose  position  I  hare  described  in  my  report,  the  colliery  of  Aghabehy 
was  the  only  one  then  in  operation,  and  having  made  an  under^ound  inspection  of  the  works,  I  found 
that  coal,  at  their  deepest  point,  was  three  feet  in  thicknesa  Having  at  that  time  procured  a  copy  of 
Mr.  Thomas  Guest's  report  on  the  Arigna  Iron  Works,  dated  1st  May  180^^  as  appended  to  my  report^ 
J  found  it  stated  at  j>age  86,  that  "at  me  dirtance  of  80  vards  in  the  water  level  the  coal  was  tbree 
"  feet  in  thickness,  mcluding  1^  inches  of  bhu^  slate,  ama  at  that  ude  of  the  mountain  it  dips  into  the 
'*  hill  1  in  12,  and  as  the  same  seam  (worked  by  Mr.  Tennison^  also  dips  into  the  mountain,  a  mile 
"  distant  on  tiie  other  side,  it  is  called  on  that  account  a  swilly  "  or  trough,  in  which  "  swilly  "  the 
"  coal  will  be  found  very  flat^  and  considerably  thicker  than  elsewhere.'* 

This  information,  as  well  as  my  own  measurement  of  the  coal  bed,  (as  given  at  page  S5  of  my 
r^rart,)  forms  the  data  on  which  I  described  the  bed  in  my  memoir  as  three  feet  in  thickness;  and  I  was 
^alsb  informed  at  the  time  by  Colonel  Tennison  himself,  that  tiie  coal  he  had  lately  worked  iu  TuUylyonb 
colfiery  was  three  feet  in  thickness  at  the  furtiiest  extiremity  of  the  works. 
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Ufider  the  foregoing  circumBtances,  I  do  not  see  that  I  was  mistaken  in  estimating  the  coal  of  the 
Brahliere  mountain,  on  the  south  side  of  the  Arigna  river,  at  a  thickness  of  three  fee^  even  tiiough  in 
many  pUices  at  the  outcrop  it  may  not  have  exceeded  two  feet 

Since  the  publication  of  my  report  I  hare  not  had  leisure  to  re-examine  this  coal  district;  but}  on  the 
completion  of  the  Ordnance  Surveys  of  the  surrounding  countrji  I  sent  one  of  my  assistantB,  whom  I  had 
instructed  in  geology,  to  lay  down  on  the  six-inch  maps  the  outline  of  the  seat  rock  of  the  principal 
coal  bed,  as  it  occasionally  appeared  at  the  surface  on  the  tops  of  the  mountains,  and  thia  corrected 
boundary  has  since  been  laid  down  on  my  Geological  Map  of  Ireland. 

In  my  published  report  I  estimated  the  area  of  the  principal  bed  of  coal  at  about  4,000  Irish  acres, 
as  deduced  from  the  measurements  made  for  the  original  map  before  referred  to ;  and  I  am  of  opinion* 
as  far  as  the  coalfield  under  consideration  is  concerned,  that  my  original  outline  is  correct,  or  sufficiently 
80 ;  but)  in  regard  to  the  value  of  the  field,  as  the  source  of  a  large  supply  of  coal  for  either  manufacturing 
(HT  domestic  purposes  (from  information  obtained  many  years  subsequently  to  the  publication  of  my 
n^rt)*  I  feel  obliged  to  moderate  my  opinion  respecting  the  commercial  value  of  the  coal  as  a  source 
of  public  supply,  as  it  will  be  seen  stAted  m  mr  "  Outline  of  the  Geology  of  Ireland,  appended  to  tiie 
report  of  the  Irish  Railway  Commissioners,  pubhshed  in  the  year  1838,  page  32,  the  opinion  therein 
given  being  confirmed  by  the  fact  that  the  coal  in  several  new  works  subsequently  undertaken  did  not 
present  an  average  thickness  equal  to  that  found  in  the  Aghabehy  and  Tullylyons  collieries,  which,  as 
already  mentioned,  amounted  to  three  feet ;  hence,  I  think  that  in  estimating  the  thickness  of  the  coal 
in  the  district  north  of  the  Arigna  river  it  would  not  be  safe  to  exceed  two  feet 

Under  these  circumstances,  I  am  of  opinion  that  the  probable  thickness  of  the  co^  exclusive  of 
Aghabehy,  and  perhaps  Tullylyons,  is  one  third  less  than  I  had  calculated  on  in  year  181S,  which 
makes  a  very  important  reduction  in  the  value  of  the  coalfields  geuerally»  as  the  cost  of  rusing  coal 
from  so  thin  a  seam  as  two  feet  will  he  so  considerable  that  no  extensive  coal  works  can  be  profitably 
carried  on  :  so  that  in  future,  as  hithertt^  the  coal  supply  must  be  mainly  confined  to  the  requirements 
of  the  local  markets. 

The  foregoing  view  refers  to  the  coalfields  situated  to  the  west  of  Lough  Allen,  and  north  and  south 
of  the  Arigna  river;  and  in  reference  to  the  coalbeds,  situated  on  Lackagn,  Lugnaculliagh,  and  Slieve- 
a-uierm  mountains,  as  described  in  my  report  of  the  year  1818,  I  am  not  aware  of  any  successful 
works  having  since  been  undertaken  in  any  of  them,  and  I  am  of  opinion  that  they  should  not  be  taken 
into  account  in  any  general  statement,  as  regards  a  source  of  a  future  supply  <^  faoL 

I  am,  Sac 

EXCBAKD  GrIVPITH. 

Edward  Hull,  Esq.,  F.R.S., 
&c      &c  &c. 


SUMMAEY  OF  RESXJLTS 


BXUTINQ  TO 

The  CoALn^DB  o£  Jux-laxcd,  being  the  District  placed  in  chai^  of  Eowabd  HtncL,  Boq.,  F.B.S.,  in  the  room 

of  J.  BsBTB  JuKxs,  Esq.  (Commissioner),  deceased. 


Name  ot  Coalfield. 

Totel 

(viaiWe). 

AoreagQ 

imworked. 

Total 
eatlmnted 
Tonnage. 

Tonna^ 

un  worked. 

Net 
Toiuuge. 

Proportion 
of 

Anthracite. 

Proportion 
of 

HookCokI. 

ProporUon 
of 

Gm  Coal. 

Depth. 

Acres, 

Toaa. 

T<H1S. 

Tons. 

Peet 

Antarim  (BkOreude)  • 

19fiB0fin 

i8,ooe,ooft 

16,000,000 

CTocuxn 

1S,B00J»M 

ander  tOM 

i,illf> 

tjm 

7,000,000 

0,300,000 

«,1NW>00 

15M0O 

-  M0» 

(Qpaaa'a  Co. 

«0,000 

86,202300 

77,080^ 

.  VM 

Iielnster  i  Ac. 

^  U»t 

CTippenti; 

ei,m 

82,000,000 

26,000.000 

Hututor  (CUre,  to.)  • 

22,700 

wjm 

ssmooo 

80,000^ 

.  U» 

iSBO 

12,000,000 

10^800JM» 

10^800^ 

■  MOO 

njm 

20^107,700 

178^,702,800 

160^080,000 

80,460,000 

180,0011 

Informaiionjbr  Committee  D. 

The  Tyrone  coalfield  is  the  only  one  in  Ireland  partially  concealed  by  formations  newer  than  the 
Carboniferous,  viz.,  Triasuc  and  Tertiaxr.  Under  these  formations  the  co&l  has  been  proved  in  several 
places  near  the  margin  to  lie  bidden.  Tub  area  of  coal-measures  thus  concealed  is  pro1>ably  about  one- 
half  the  entire  area  as  given  in  the  above  table,  or  2,400  acres ;  containing  a  quantity  of  unworked 
coal  which  may  be  estimated  at  29,949,200  tons,  of  which  26,600,000  tons  may  be  considered  available 
for  future  supply. 

A  small  portion  of  the  Antrim  coalfield  is  overlaid  by  sheets  of  basaltic  rock  probably  of  Miocene 
age,  but  the  quantity  of  coal  thus  concealed  is  inconsiderable. 

(iSiar  Schedules,  which  accompanied  this  Table,  are  not  printed  in  the  meantime.  February  1^  1871^— 
Orders  have  been  given  to  the  Secretary  concerning  them  at  this  date.  May  27, 1871.— J.  F.  C(mpbeUf  Secretary,) 
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REPORT  OF  COMMITTEE  A. 


My  Lord  Duke, 

Wn,  the  Commissioners  who  were  cli03en  on  the  7th  of  July  1866  to  be  acommittee  to  inquire  Kapott 
as  to  the  depth  at  which  it  may  be  possible  to  work  coal,  have  now  the  honour  to  report  to  the  general 
body  of  the  Commi^eion  of  which  you  ore  Chairman  as  follows : — - 

Our  first  step  wns  carefully  to  prepare  a  series  of  79  questions,  which  were  printed  on  the  12th 
February  1867,  and  of  which  530  sets  were  distributed  na  Circular  A  1.    That  circular  is  printed  in 
the  Appendix  at  page  A  123,  and  is  followed  by  five  sots  of  replies  sent  in  by — 
I.    C.  T.  Wright,  Esq.,  of  Shireoaks  Colliery. 
II.    W.  J.  Henwood,  Esq.,  Penzance. 

III.  R.  Heckles,  Esq.,  Wearmonth  Colliery. 

IV.  R.  W.  Fox,  Esq.,  Falmouth, 
y.    Coltness  Iron  Works. 

On  the  28th  of  April  1868  we  held  our  first  meeting  to  take  evidence  vivA  voce,  and  on  the  15tb, 
of  July  we  held  our  last  At  nine  mectingd  we  examined  20  witnesses,  of  whom  the  following  is  a 
list,  or  these  one  was  thrice  examined,  and  one  twice. 


List  of  Witnesses,  with  their  Professions.  Evidence  printed 

  at  page 

L  Robert  Hunt,  Esq.,  F.RS.,  &c.,  a  member  of  the  Commission     -  -  A  3 

II.  John  Knowles,  Esq.,  Coal  owner,  Pendlebury,  Manchester  -       -  -  A  10 

III.  Edward  Hull,  Esq.,  F.R.S.,  District  Surveyor  of  the  Geological  Survey, 

Scotland        -        -        -        -          -          -         -  -  A  12 

IV.  Arnold  Lupton,  Esq.,  Mining  En^^eer,  Chester6cld       -       -  -  A  16 

V.  Thomas  Wynne,  Esq.,  Inspector  of  Mines,  Stone,  Staffordshire   -  -  A  20 
VI.  George  Elliot,  Esq.,  M  P.,C.E.,  &c.  a  member  of  the  Commission  -  -  A  29 

VII.  W.  F.  Wilmer,  Esq.,  Civil  Engineer       -                 -           -  -  A  25 

VIII.  Lindsey  Wood,  Esq.,  of  Ilctton  Hail,  Durham.          -         -  -  A  41,  60  p. 

IX.  John  J.  Atkinson,  Esq.,  of  Chilton  Moor       -          -          -  -  A  46,  53 

X.  W.  Bryham,  Esq.,  Kosebridge  Colliery          -          -          -  -  A  63 

XL  H.  W.  Hunt,  Esq.,  Secretary  to  the  Turkish  Baths  Company     -  A  71 

XII.  Mr.  F.  Deden,  foreman,  Turkish  Baths   A72 

XIII.  G.  Baker  Forster,  Esq.,  of  Backworth,  Newcastle    -       -       -  -  A  73 

XIV.  T.  T.  Murray,  Esq,  Chief  Engineer,  H.M.S.  Asia         -        -  -  A  74 
XV.  R.  C.  Oldknow,  Esq.,  Enmneer.  H.M.S.  Asia         -           -  -  A  76 

XVL  John  Brown,  Esq.,  C.E.,  Barnsley   A  80 

XVII.  Captain  H.  P.  Lovell,  P.  and  0.  Company      -         -         -  -  A  81 

XVni.  James  B.  Allan,  Esq,  M.D.,  &c       -          -         -           -  -  A  84 

XIX.  J,  B.  Sanderson,  Esq.,  M.D.,F.RS.,  &c.          -          -          -  -  A  90 

XX.  J.  L.  W.  Thudichum,  Esq.,  M.D.,  &c  &C.        -       -         -  -  A  94 


We  have  further  corresponded  with  Mr.  Chance  of  Birmingham  and  with  Mr.  Gilbert  of  the 
United  Clifford  Mines.    We  have  also  caused  observations  to  be  taken  and  experiments  to  be  made. 

On  evidence  thus  collected,  and  from  our  own  knowledge  otherwise  acquired,  we  have  now  the 
honor  to  report  aa  follows ; — 

I.  The  Committee  are  of  opinion  that  the  depth  to  which  coal  mines  may  hereafter  extend  depends 
npon  human  endurance  of  hish  temperatures,  and  upon  the  possibility  of  reducing  the  temperaton 
of  the  air  in  contact  with  the  neated  strata. 

II.  l^e  possible  depth  from  which  coal  can  be  worked  does  not  appear  to  be  limited  by  any  con- 
sideration of  a  mechanical  nature.  The  cost  of  the  steam  power  required  for  hoisting  coal  from  an 
unusual  depth  will  not  be  sufficiently  large  to  be  regarded  as  an  obstacle  to  deep  working,  and  the 
expense  per  yard  of  sinking  does  not  greatly  increase  with  increase  of  depth.  The  intrMluction  of 
steel  wire  ropes,  tapering  aovmwards,  renders  it  practicable  to  draw  coal  fnmi  an  extreme  depth  with* 
out  overstraining  the  rope  by  its  own  weight,  and  it  is  also  quite  practicable  to  draw  in  successive 
stages  by  engines  placed  in  the  shaft  As  regards  pumping,  it  seems  to  be  an  established  fact,  so  far 
at  least  as  experience  has  yet  gonei,  that  water  is  seldom,  if  ever,  met  with  in  large  quantities  at  greftt 
deptlu  in  the  British  coalfields. 

III.  As  a  rule,  deep  mines  appear  to  be  not  more  liable  to  inflammable  gas  than  shaUow  mines,  so 
that  no  impediment  to  deep  working  is  to  be  apprehended  in  r^rd  to  incr^sed  liability  to  explosion. 

IV.  The  increase  of  temperature  which  aeeompanies  iaorease  of  depth  is  the  only  cause  which  it  is' 
necessary  to  consider  os  timidng  the  depth  at  which  it  may  be  practicable  to  work  coal.    In  this 
country  the  temperature  of  the  earth  is  constant  at  a  depth  of  about  50  feet,  and  at  that  depth  the 
temperature  is  50°  Fahr.   The  rate  of  increase  of  the  temperatore  of  the  strata  in  the  coal  distriote 
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of  England  is  in  general  about  Fahr.  for  every  60  feet  of  depth.  In  some  instances  the  increase  is 
very  irregular,  bemg  probably  affected  by  local  conditions,  such  as  percolation  of  warm  or  cold  water, 
■nd  varying  conductive  power  of  the  rocks  penetrated.  These  cases,  however,  are  exceptional,  and 
throw  no  doubt  upon  the  general  conclusion  that  the  rate  of  increase  amounts  as  a  rule  to  about 
I'^FaJir.  for  every  60  feel*  As  the  present  inquiry  applies  only  to  Bnglish  coalfields,  it  is  immaterial 
to  inquire  whether  the  same  rule  holds  good  for  other  places.  It  may,  however,  be  observed,  in 
pasung,  that  wherever  Arteaian  Wells  have  been  sunk  in  this  or  other  couulries  the  rate  of  increase 
la  in  close  harmony  with  that  observed  in  English  coal  mines;  but,  on  the  other  hand,  by  observa- 
tions made  in  Belgian  coal  mines,  the  rate  of  increase  appears  to  be  less  than  in  English  coUieriee, 
though  it  ie  quite  possible  that  this  apparent  difference  may  have  arisen  from  the  thermometer 
having  been  applied  in  a  manner  which  would  not  correctly  indicate  the  temperature  of  the  strata. 
Ic  the  metalliferous  mines  of  Cornwall,  the  deviations  from  the  scale  of  1**  Fahr.  for  every  60  feet 
are  very  great,  but  It  is  probable  that  the  disturbing  causes  of  variable  conduction,  and  percolation 
of  heated  water  exist  to  a  much  greater  extent  in  the  geological  formations  containing  metalLiferous 
Twns  than  in  tJie  sedimentary  rodks  embracing  the  coal  measni'es. 

V.  The  deepest  colliery  in  England  is  at  Bosebridge  near  Wigan,  where  Uie  shaft  has  already 
attained  a  depth  of  2,376  feet,  and  is  still  being  sunk  to  a  greater  depth.  The  temperatures  of  the 
rock,  as  observed  in  this  shaft,  are  in  general  agreement  with  the  ordinary  rate  of  increase  to  a  depth 
of  1,800  feet.  After  that  the  increase  becomes  considerably  more  rapid,  but  it  would  be  rash  to 
conclnde  from  this  single  example  that  the  increase  would  in  all  oases  be  accelerated  when  that  depth 
was  exceeded.  At  the  lowest  point  of  this  shaft  the  temperature  of  the  earth,  as  indicated  by  a 
thermometer  placed  in  a  bore  hole  a  yard  in  depth,  is  92°  Fahr. 

VI.  According  to  the  evidence  of  Mr.  Elliott  and  his  assistant  Mr.  Wilmer,  the  temperature  of  the 
strata  in  horizontal  coal  workings  accords  with  the  rise  and  fall  of  the  surface  above;  but  there  is 
reason  to  believe  that  this  rule  will  only  apply  to  gradual  variations  of  surface,  and  not  to  abrupt 
prominences  in  the  nature  of  peaks,  since  in  the  Mont  Cenis  tunnel  the  temperature  of  the  rock  is 
very  much  less  than  would  be  due  to  the  depth  measured  from  the  top  of  the  mountain.  It  may,  how- 
ever, be  assumed,  that  under  the  ordinary  configuration  of  the  surface  in  British  coalfields  the  increase  of 
temperature  will  have  reference  to  the  depth  from  the  surface  of  the  ground,  and  not  from  the  level 
of  the  sea. 

VII.  High  temperature  of  the  strata  operates  as  an  impediment  to  deep  working  by  heating  the  air 
(nrcnlating  through  the  passages  of  the  mine.  When  coolur  enters  a  heated  mine,  it  absorbs  heat  from 
the  surfaces  of  the  passages  through  which  It  flows,  and  the  rate  of  this  absorption  somewhat  exceeds 
the  ratio  of  the  difference  between  the  temperature  of  the  air  and  that  of  the  surrounding  surface  with 
which  it  is  in  contact.  By  tlie  absorption  which  thus  takes  place  the  lur  is  heated,  and  this  heating 
process  is  moat  rapid  at  first  when  the  difference  of  temperature  is  greatest,  and  gradually  diminishes 
OS  the  length  of  the  passage  is  extended,  never  ceasing  until  compkte  assimilation  of  temperature  is 
effected.  The  progress  towards  rtssimilation  of  temperature  is  much  more  rapid  when  the  air  comes 
in  contact  with  the  working  face  of  the  coal,  which  from  being  newly  exposed  is  more  highly  heated 
than  the  surfaces  of  the  permanent  air  courses.  The  rapidity,  however,  with  which  the  air  tak^  up 
heat  from  the  working  face  depends  in  a  great  degree  upon  the  system  of  working.  In  the  cellular 
system,  called  "  Pillar  and  Stall,"  the  air  seems  to  acquire  almost  immediately  the  full  temperature 
o^  the  coal,  but  under  the  "  Long  Wall "  system  there  are  instances  of  the  air  retaining  a  connderable 
inferiority  of  temperature  after  sweeping  past  the  working  face. 

VIII.  The  great  outlay  of  capital  involved  in  sinking  pits  to  coal  lying  at  extreme  depths  would 
render  it  necessary  to  work  a  large  area  of  coal  from  each  sinking,  and  this  would  involve  air  courses 
of  great  length.  It  thus  becomes  necessary  to  consider  the  question  of  ventilation  under  the  double 
aspect  of  great  depth  from  the  surface,  and  great  length  of  air  passages. 

IX.  At  present  tiie  ventilation  of  coal  mines  is  almost  always  effected  by  means  of  a  furnace 
applied  at  tiie  foot  of  nn  upcast  shaft,  in  which  an  ascending  current  is  produced  by  rarefaction,  as  in 
an  ordinary  ohinmey.  Ventilating  fans  and  other  mechanical  contrivances  propelled  by  steam-engines 
have  of  late  been  partially  introduced,  and  are  found  to  be  advantageous  in  redumng  the  consumption 
of  fuel  necessary  to  circulate  a  given  volume  of  air.  This  superiority,  however,  will  diminish  as  the 
depth  of  mines  is  incressed,  because  the  deeper  the  mine  the  more  powerful  is  the  auction  in  the  upcast 
shaft.  But  whatever  method  be  used  for  producing  the  current,  it  would  require  an  extravagant 
increase  of  power  to  accelerate  the  velocity  of  the  air  in  any  considerable  degree,  because  the  resistanoe 
of  the  air  increases  in  a  ratio  somewhat  exceeding  that  of  the  cube  of  the  velotnty.  Thus,  if  the  volume 
of  ur  were  doubled  by  doubling  the  velocity  of  the  current,  more  than  eight  times  the  present  power 
would  be  needed.  The  longer  ur  oonrses  incident  to  deep  mining  also  involve  an  extenuoa  of 
frictional  surface,  and  this  would  further  add  to  the  difficulty  of  increasing  the  ventilation  by  accelera- 
tion of  ciui*ent.  In  short.,  the  only  way  in  which  the  volume  of  air  could  be  very  materially  increased 
would  be  by  enlacing  the  sectional  area  of  the  shafts  and  air  courses. 

X.  Asanming  it  to  be  practicable  to  e&ct  a  laj^e  increase  of  ventilation  under  the  oonditions 
indldent  to  extremely  deep  mining,  it  is  neoeasary  to  ctmrider  what  vould  be  the  cooling  effect 
realized  by  increaang  the  volume  of  air.    This  is  a  very  complex  question,  because  the  reduc- 

*  Since  tbis  paragraph  Tras  discnsBed  by  tlie  Committee,  1&.  Dit^mBOD  has  conuunolcated  a  series  of  thennometrical  obsem< ' 
tions  made  by  Mr.  Bryham  durisg  the  sinking  of  Bose  Bridge  Colliery,  and  he  has  expressed  an  opinion  that  from  the  circom stances 
nnder  vbich  he  knows  these  obserrattoDS  to  have  been  made,  they  are  more  to  be  relied  opon  than  any  others  irhich  have  been 
^ven  in  evidence.  According  to  these  observations,  the  increase  of  temperature  averages  1°  F.  for  every  55  feet  in  depth  ;  and 
*  It  may  be  pointed  ont,  that  Mr.  BickinEon's  opimon  in  favonr  of  this  rate  of  increase  is  supported  by  that  of  Mr.  Atkinson,  who 
fotiod  that  the  average  of  his  observations  gave  almost  exactly  the  same  rate  of  increase  as  that  deduced  by  Mr.  Dickinson  ftom 
the  teraperatores  ta^en  by  Mr.  Bryham.  Although  the  Committee  do  not  consider  the  evidence  in  favour  of  a  higher  rate  of 
increase  sufficiently  certain  to  induce  them  to  deviate  from  their  prerions  estimate  of  1°  for  60  tout,  which  is  the  rate  of  increase 
nuwt  eommtmlj  accepted,  yet  they  -would  remark,  tiiit  in  usmninff  60  ftet  u  the  tout  of  depth  coirei^ding  to  l*"  of  tenqstatiae, 
they  are  taking  the  most  ftvoorable  view  in  reference  to  d«ep  worlung  that  the  endence  will  poisfbly  allov. 
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tlon  of  temperature  in  the  air  increases  the  emission  of  heat  from  the  strata,  and  becauBe  the  B^MrtA. 
rate  of  absorption  is  affected,  not  only  by  difference  of  temperature,  but  also  by  the  veloraty  of  the 
enrrent  The  uncertainty  which  exists  on  the  question  of  the  power  of  air  to  absorb  heat  when 
flowing  at  different  velocities  and  in  different  volumes  through  heated  air  courses,  and  the  difficulty  of 
reasoning  out  any  conclusion  upon  the  subject,  led  Sir  'William  Armstrong  (Chairman  of  the 
Committee)  to  m^e  a  series  of  experiments  in  which  au-  was  forced  in  varying  quantities  through 
pipes  of  different  lengths  and  sizes  immersed  in  hot  water,  the  temperatures  being  observed  at  we 
point  of  emergence.  In  these  experiments  the  pipes  were  r^arded  as  representing  on  a  small  scale 
the  air  courses  of  a  deep  mine,  the  hot  water  being  the  equivalent  of  the  heated  strata  trough 
which  the  ur  would  be  conveyed.  The  particulars  of  these  experiments  will  be  found  in  the  Appendix 
to  the  evidence,  and  the  results  are  embodied  in  tables  illustrated  by  diagrams,  which  show  the  pro- 
gressive heating  of  the  air  as  it  travels  along  the  passages,  and  exhibit  the  reductions  of  temperature 
effected  by  successive  increments  of  the  volume  of  air.  From  these  tables  and  diagrams  it  will 
be  seen  that  with  short  pipes,  representing  short  distances  from  tiie  shaft,  increased  (»rculation  has 
conudi^ble  effect  in  lowering  temperature ;  but  with  pipes  representing  long  distances  from  the 
shaft,  the  cooling  effect  of  increasing  the  volume  of  air  becomes  insignificant. 

The  chief  conclusions  arrived  at  &om  these  experiments  are  in  unison  with  the  evidence  upon  the 
questions  affected.  All  the  witnesses  agree  in  stating  that  summer  and  winter  make  no  difference  iu 
the  temperature  of  the  air  in  mines,  except  at  short  distances  from  the  shaft,  which  is  in  harmony  with 
the  fact  proQunently  exhibited  by  the  experiments,  that  increased  disparity  of  temperature  is  quickly 
subdued  by  the  accelerated  absorption  of  heat  which  it  occasions.  The  rise  in  temperature  which  takes 
place  in  the  air  as  it  travels  along  the  passages  is  recognized  by  all  the  witnesses  who  allude  to  this 
subject,  and  Mr.  Hull  ^ves  specific  rates  of  increase  derived  from  experiments  in  Bosebridge  Colliery. 
He  says  that  the  temperature  was  raised  13°  in  1,500  yards,  16°  in  2,400  yards,  and  19-5°  in  3,140  yards. 
As  to  the  effect  of  increase  circulation  upon  the  tempurature  of  the  air,  the  thennometrioal  olMerva- 
tions  of  Mr.  Lindsay  Wood,  made  in  the  Hctton  cuUieries,  show  that  little  change  of  temperature 
is  effected  wh^  the  passages  are  long.  By  referring  to  tiie  tabulated  statement  which  appears  in 
his  evidence  at  page  43,  it  will  be  seen  that  in  three  cases  where  the  depth  is  substantuUy  the 
same,  and  the  distances  from  the  shaft  are  from  2,296  to  2,925  yards,  the  differences  between  the 
temperature  of  the  air  and  of  the  strata  only  vary  to  the  extent  of  2°,  notwithstanding  that  the 
volume  of  air  in  circulation  is  22,400  cubic  feet  in  one  case,  and  only  11,400  in  another.  In  a 
second  table  given  by  Mr.  Wood  to  show  the  gradual  approximation  of  the  temperature  of  the  air  to 
that  of  the  strata  as  the  air  travelled  from  wo  shaft  to  a  distance  3,422  yards,  he  records  the 
temperature  both  of  coal  and  air  at  nine  different  places,  and  although  the  volume  of  air  passing 
at  these  different  places  varied  from  41,800  cubic  feet  to  only  3,000  cubic  feet,  yet  the  disturbing 
effects  on  the  temperature  of  the  air  are  scarcely  dij^mible.  In  Mr.  Wood's  observations,  the 
difference  between  the  temperature  of  the  ur  and  of  the  earth  at  long  distances  from  the  shaft  never 
exceeds  7"  in  the  permanent  air  courses,  and  3°  at  the  working  faces ;  and  Mr.  Atkinson,  who  has 
also  contributed  a  great  number  of  air  temperatures,  taken  at  long  distances  from  the  shaft, 
C(H.Toborate8  Mr.  Wood's  evidence,  as  to  the  inconsiderable  effect  of  increased  ventilation  on  the  tem- 
perature of  the  air  where  the  distance  from  the  shaft  is  great.  Mr.  Knowles  says,  that  in  Pendleton 
Colliery,  at  a  distance  which  appears  to  have  amounted  to  1,800  yards  from  tiie  shaft,  the  tempe- 
rature of  the  air  was  76°  Fanr.,  against  an  earth  temperature  of  83°.  This  wotdd  nu^e  a 
difference  of  7°  effected  by  ventilation,  and  this  reduction,  tc^en  in  relation  to  distance  from  the  shaft, 
is  the  largest  recorded  iu  the  evidence.  Mr-  Bryham  states,  that  at  the  working  faces  in  the  Bose- 
bridge Colliery  the  air  is  70°  Fahr.,  against  an  earth  temperature  of  80",  thus  making  a  difference 
of  10°;  but,  considering  that  the  distance  from  the  shaft  was  in  this  case  only  500  yards,  that  the 
long^wall  system  of  working  was  in  operation,  and  that  the  circulation  was  unusually  lai^,  this 
reduction  of  10°  is  not  so  remarkable  as  the  smaller  reduction  of  7°  in  the  instance  of  Pendleton 
Colliery. 

XI.  The  experiments  made  with  air  pipes  immersed  in  hot  water  have  a  strict  application  to 
newly  formed  air  passages  in  a  mine,  and  to  coal  at  the  working  faces  where  a  fresh  surface  is  con- 
tinually being  exposed,  but  they  afford  no  criterion  of  the  indirect  effect  which  increased  ventilation 
would  in  progress  of  time  exercise  upon  the  temperature  of  the  air  by  the  cooling  of  the  passages. 
The  Committee  have  no  sufficient  data  to  enable  them  to  judge  of  the  extent  to  which  this  cooling 
action  would  proceed  within  periods  commensurate  with  the  duration  of  collieries.  Theoretically 
considered,  the  cooling  will  be  most  rapid  when  the  air  course  is  new,  and  it  will  take  place  to  the 
greatest  extent  near  the  shafl;,  where  the  air  is  coldest.  The  evidence  is  in  accordance  with  these 
views.  Mr.  Bryham  refers  to  a  case  where,  at  a  depth  of  1,800  feet,  and  at  a  distance  of  215  yards 
from  the  shaft,  the  temperature  of  the  coal  had  been  reduced  to  65°  by  exposure  for  9  years  to  a 
cotrent  of  27,280  cubic  feet  per  minute.  The  normal  temperature  at  tliat  depth  is  stated  by 
Mr.  Bryham  to  be  80°,  so  that  the  reduction  in  this  instance  amounts  to  15°.  Mr.  Lindsay  Wood 
gives  a  case  in  which  the  coal  at  a  depth  of  1,100  feet,  and  at  a  distance  of  312  yards  from  the  shaft, 
hoA  been  cooled  to  60°  by  an  exposure  for  25  years  to  a  current  of  104,000  cubic  feet  per  minute. 
In  this  example  the  temperature  due  to  depth  is  67*5°,  bo  that  the  cooling  effect  is  to  the  extent  oi 
7*5°.  Mr.  Efnowles  refers  to  an  instance  in  which  the  temperature  of  cc«l  at  500  yards  from  the 
ehoft  has  been  reduced  from  83°  to  70°,  by  exposure  to  a  enrrent  of  air  now  amounting  to  90,000 
cubic  feet  per  minute.  It  will  be  observed  that  in  all  these  cases  the  distances  from  the  shaft  are 
short  In  tfae  examples  given  by  witnesses  of  reductions  similarly  effected  at  long  distances  from 
the  shaft,  the  results  are  very  much  smaller ;  the  largest  reduction  mentioned  in  the  evidence,  at 
ffistaaoes  exceeding  2,000'yaras,  is  6°,  and  at  distances  exceeding  3,000  yards,  the  hi^^est  quoted 
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reduction  is  1^°.    Increase  of  ventilation  would  operate  to  increase  uU  these  reductions,  but  to  what 
Axtent  and  in  what  time  the  Committee  are  unable  to  say. 

XII.  The  more  general  introduction  of  coal-cutting  machines,  worked  by  compressed  air  conveyed 
into  the  mine  by  pipes,  would  have  some  effect  in  lowering  temperature,  and  would  at  the  same  time 
Supersede  the  labour  of  hewing,  which,  from  its  arduous  nature,  is  that  form  of  labour  against  which 
high  temperature  chiefly  militates.  Mr.  Lindsay  Wood  states  in  his  evidence  that  the  air  discbarged 
from  the  pneismattc  coal-cutting  machines  is  reduced  by  expansion  in  the  act  of  escaping  to  a  tem- 
perature of  7*  Fahr.  below  freezing,  and  that  the  air  from  one  machine  is  sufficient  to  lovrer  the 
temperature  of  the  whole  body  of  air  flowing  past  a  working  face  by  1°  Fahr.  He  thinks  that  as  many 
as  seven  of  thcFc  machines  might  be  employed  at  one  working  face ;  but  it  does  not  follow  that  the 
collective  action  of  these  seven  machines  would  reduce  the  temperature  sevenfold,  because  the  prin- 
ciple of  accelerated  absorption  by  reduction  of  temperatiu-e  again  intervenes,  and  would  in  a  great 
measure  defeat  the  cooling  action  of  the  machines.  Moreover,  if  jointly  with  the  use  of  tliese  machines, 
reduction  of  temperature  were  to  be  attempted  by  increasing  the  volume  of  air  in  drculatioD,  the 
dilating  effect  of  the  cold  lur  from  the  machines  would  be  r^uced  in  proportion  as  the  volume  of 
circulating  air  was  increased. 

XIII.  It  remains  to  be  considered  whether  it  be  practicable  to  reduce  the  temperatare  of  the  air  by 
BUrrounding  the  air  courses  with  an  intercepting  air  s^e,  or  with  a  layer  of  non-conducting 
material.  Upon  this  point  it  may  be  observed,  that  the  air  courses  in  a.  mine  are  already  naturally 
encased  in  a  partially  cooled  envelope  of  imperfectly  conducting  material.  The  coal  itself  is  a  veipr 
imperfect  conductor,  and  every  suggeetion  for  jacketing  the  air  courses,  either  with  a  surrounding  air 
space  or  with  solid  material,  must  be  regarded  as  an  expedient  for  ^ving  further  effect  to  a  retarding 
action  already  in  operation.  It  is  doubtful  whether  any  increase  of  retardation  could  by  these  means 
be  effected  at  all  commensurate  with  the  cost  and  difficulty  attending  their  adoption.  The  evidence 
of  Mr.  Elliott  and  of  most  of  the  other  witnesses  is  adverse  to  the  feasibility  of  thus  stemming  back 
the  heat,  and  it  appears  that  no  such  method  has  yet  been  put  in  practice. 

XIV.  ITie  question  of  the  maximum  temperature  of  air  which  is  compatible  with  the  healthful 
exercise  of  human  labour  is  one  of  the  most  difficult  questions  which  the  Committee  have  had  to 
investigate.  Fvidence  has  been  given  of  extraordinary  temperatures  endured  in  the  stoke  holes  of 
steamers,  and  in  tlie  places  where  glass  blowers  work.  In  some  of  these  cases  labour  has  been  carried 
on  witihout  serious  detriment  to  health  where  the  thermometer  has  indicated  180^  Fabr.  In  these 
instances,  however,  the  thermometer  is  chiefly  acted  upon  by  radiant  heat,  and  therefore  does 
not  truly  indicate  the  actual  temperature  of  the  mr.  In  an  experiment  made  at  Klswick  by  Sir 
W.  Armstrong,  it  was  found  that  a  thermometer  suspended  in  a  stoke  hole  at  a  distance  of  4  feet  from 
the  front  plates  of  the  boilers  indicated  a  temperature  of  105*  Fahr.,  while  another  thermometer,  at  a 
distance  of  only  three  inches  from  the  former,  but  carefully  screened  from  radiant  heat,  stood  at  78°. 
It  is  important  also  to  observe,  that  the  men  who  work  m  stoke  holes  and  glass  houses  have  ready 
access  to  the  cool  external  air,  and  av»l  themselves  of  numerous  intervals  in  their  labour  to  cocA 
themselves.  Dr.  Allen,  one  of  the  medical  witnesses  examined,  and  who  has  spent  a  considerable  part 
of  his  life  in  tropical  climates,  stated  that  he  had  experienced  a  temperature  of  125**  Fahr.  in  the 
shade,  and  that  this  great  heat  was  rendered  quite  endurable  by  the  dryness  of  the  atmosphere. 
On  the  other  hand,  he  had  felt  a  damp  atmosphere  almost  intolerable  at  the  comparatively  low  tem- 
perature of  66%  and  relief  was  only  obtained  by  lighting  fires,  which  by  drying  tlie  air  gave  rise  to 
evaporation  from  the  skin.  Mr.  F.  Deden,  principal  foreman  of  the  Jerm3m  Street  Turkish  baths, 
stated  that  the  attendants  at  these  baths  wovk  in  a  temperature  of  120°  Fahr.,  and  he  is  opinion  that 
they  could  work  habitually  four  hours  a  day  in  that  temperature;  but  he  says  that  the  nir  is  kept  as 
dry  as  posuble,  because  by  so  doing  a  much  greater  heat  can  be  endured.  Mr.  H.  W.  Hunt,  the  secre- 
tary the  company  by  which  these  baths  are  conducted,  said  that  the  highest  temperature  of  the 
hottest  room  entered  by  bathers  is  upon  an  average  200**  Fahr.  Dr.  Thudiclium,  who,  as  a  physician, 
had  specially  investigated  the  effects  of  high  temperatures  in  Turkish  baths  upon  the  human  body  in 
health  and  in  disease,  said  that  the  normal  heat  of  the  blood  is  98° ;  that  fever  heat  commences  at 
100°,  and  that  the  extreme  limit  of  fever  heat  may  be  taken  at  112° ;  that  evaporation  and  radiation 
are  the  only  causes  which  keep  down  the  heat  of  the  blood  when  the  surrounding  atmosphere  is  at 
a  higher  temperature,  and  that  of  these  two  causes  radiation  has  but  slight  effect  He  stated  that 
he  had  made  experiments  by  subjecting  his  own  body  to  high  temperatures,  spending  a  great  number 
of  hours  in  temperatures  varying  from  100°  to  140°.  From  these  experiments  he  concluded  that  in 
a  temperature  of  140**  no  work  whatever  could  be  carried  on;  that  in  a  temperature  varying  from 
130°  to  140°  a  very  smUl  amount  of  labour  for  short  periods  was  practicable;  and  that  labour  con- 
tinued for  ordinary  woi^ing  hours  is  limited  to  temperatures  not  exceeding  100°.  In  these  concluuoDS 
he  assumed  the  air  to  be  di^.  In  moist  air,  he  did  not  think  tiiat  a  man  could  endure  ordinary  bows 
of  labour  at  a  temperature  exceeding  90°.  He  maintained  that  these  opinions  were  reconcileable 
with  the  higher  temperatures  endured  in  stoke-holes  and  in  Turkish  baths.  He  considered  stoke-hole 
temperatures  to  be  not  true  air  temperatures,  but  the  effects  of  radiant  heat.  He  concurred  in  the  evi- 
dence of  Mr.  Deden,  as  to  tite  bath  men  working  in  a  dry  air  temperature  of  120°  for  short  hours.  He 
pointed  out  that  both  in  Turkish  baths  and  in  stoke-holes  frequent  relief  was  obtained  by  access  to 
cooler  air,  and  that  in  the  case  of  Turkish  baths  the  men  had  the  oppoitunity  of  applying  cold  water 
to  their  bodies,  and  that  they  frequentiy  did  so.  He  said  that  in  some  ports  of  a  I'urkish  bath  room, 
where  the  heat  comes  off  from  the  stove,  the  temperature  reaches  230°,  and  that  a  man  may  endnre 
it  for  about  three  minutes,  but  that  if  his  nails  were  exposed  to  that  temperatare  they  were  scalded. 
The  highest  practical  temperatare  in  a  Turkish  bath  he  considered  to  be  from  170°  to  175°.  H« 
disagreed  with  the  secretary  as  to  the  tempomtiire  of  the  hottest  room  being  on  an  average  S00%  if 
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that  statement  were  meant  to  indicate  air  temperature^  but  that  the  thermometer  might  easily  show  B«pntA. 
200"  if  affected  by  radiated  heat.  Dr.  John  Burdon  Sanderson  gave  evidence  of  the  same  subject. 
■He  referred  to  experiments  made  with  dogs,  which  have  a  blood  heat  a  little  higher  than  man,  and 
stated  thst  it  had  been  ascertained  that  a  temperature  of  110°  was  fatal  to  that  animal,  by  producing 
prostration  or  paralysis  of  muscular  action,  especially  of  the  hefltt,  which  effects  take  place  as  the 
blood  rises  to  a  temperature  of  from  lOS**  to  104**.  He  said  that  in  man  It  has  ]>een  found  that 
gymnastic  exercise  can  be  prnctiaed  in  high  temperatures  up  to  a  certain  point,  but  that  eventually 
the  temperature  of  the  body  rises  to  102°  or  103°,  and  then  all  capacity  for  further  exertion^cease?. 
He  was  of  opinion  that  there  was  greater  power  of  compensation  in  roan  than  in  dogr*.  He  said  that 
the  agents  acting  in  compenration  are  respiration  and  evaporation  from  the  skin,  and  that  radiation  also 
has  its  influence.  Increased  respiration,  circulation,  and  pftspiration  prevented  the  heat  of  the  body 
rising  above  the  natural  standard,  by  promoting  evaporation  from  the  lungs  and  surface.  Perspira- 
tion had  no  cooling  effect,  otherwise  than  as  promoting  evaporation.  He  considered  that  in  an 
atmosphere  of  high  temperature  labour  in  itself  would  Be  a  source  of  increased  heat  to  the  body, 
and  if  not  relieved  by  evaporation  would  render  the  individual  incapable  of  work.  He  felt  quite 
certain  that  the  whole  question  of  limit  of  endurance  depended  upon  the  point  at  which  the  tempe- 
rature of  the  body  would  begin  to  rise.  That  point  turned  chiefly  upon  evaporation,  which  again 
depended  upon  the  condition  of  the  air  aa  to  moisture.  He  said  that  temperatures  endured  in  stoke- 
holes afforded  no  indication  of  what  could  be  endured  in  a  coal  mine,  because  the  readings  of  the 
thermometer  were  in  those  cases  more  affected  by  radiation  than  by  ihe  actual  tem{>eratnre  of  the  air. 

The  Committee  had  information  of  mining  work  being  executed  in  a  Cornish  mine  where  the  air 
was  heated  by  a  hot  spring  to  a  temperature,  which  was  said  to  amount  to  117°,  and  was  also 
by  the  same  cause  saturated  with  moisture.  They  therefore  deputed  Dr.  Sanderson  to  visit  this  mine, 
and  investigate  the  facts  of  the  case.  From  his  report,  which  appears  in  ^e  evidence,  it  will  be  col- 
lected that  the  highest  tanperntore  was  found  at  the  extremity  of  an  e»»Tation  Jbrming  a  short  cul 
de  sac,  where  a  sti-eam  of  wafer  entered  at  a  temperature  of  114^°  Fahr.  At  a  distance  of  oAe  yard 
from' the  end  of  this  cul  de  sac  the  thermometer  indicated  an  air  temperature  of  103° ;.  but  at  a  distance 
of  only  10  feet  from  the  end  of  the  excavation  the  temperature  was  reduced  to  81°  Fahr.  by  venti- 
lation from  a  vertical  shaf^  The  air  was  perfectly  saturated  where  the  high  temperature  existed. 
The  miners  employed  in  the  hot  workings  remained  in  the  mine  six  hours  out  o£  the  24.  In  eaeh 
excaTOtion  four  men  were  employed,  of  whom  two  were  always  at  reet  in  the  cool  ur,  and  the  other 
two  were  not  always  at  work,  the  time  occupied  in  resting  being  considerably  more  than  that  occupied 
in  working.  Thus  the  total  duration  of  each  man's  work  was  lees  than  three  hours  in  the  24.  No 
ininer  remained  more  than  15  minutes  In  the  heat  at  one  time,  and  not  always  so  long.  Dr.  San- 
derson's impression  was  that  the  usual  tune  was  not  more  than  10  or  12  minutes.  Each  miner,  u£tet 
taking  his  turn  in  the  heat,  retreated  into  the  comparatively  cold  air  behind,  where  the  temperature 
was  about  81°.  Dr.  Sanderson  thus  describes  the  condition  of  the  mmer  when  each  short  period  of 
labour  was  completed : — 

"After  working  the  usual  period  in  the  heat,  the  miner  comes  into  the  cooler  part  of  the  lead  to 
'*  rest  At  this  moment  he  is  usually  completely  exhausted,  and  no  longer  capable  of  exertion. 
**  Perspiration  pours  &om  his  body  ;  bis  heart  and  arteries  pulsate  vinbly  at  the  rate  of  120  to  160 
'*  per  minute ;  his  bo^ly  temperature,  as  measured  by  a  thermometer  placed  io  the  mouth,  is  over 
"  100"  Fahr.,  «nd  he  complains  of  a  sensation  of  extreme  heat.  After  sitting  in  a  current  of  hunud  air 
"  at  a  temperature  of  81"  Fahr.,  and  allowing  cool  water  to  pour  over  his  body,  the  distress  and 
"  exhaustion  quickly  pass  off,  uid  In  half  on  hour  it  Is  found  that  his  heart  is  beating  with  natural 
"  frequency,  and  that  the  temperature  in  the  mouth  is  below  98°  Fahr."  At  tbe  end  of  the  day 
Dr.  &mderson  examined  the  condition  of  the  men,  and  found  that  none  of  them  showed  any 
unfavourable  effect  of  their  labour,  and  he  concluded  that  the  occupation  in  question  is  not 
necessarily  inconsistent  with  the  enjoyment  of  vigorous  health ;  but,  from  inquiry,  he  learnt,  that 
there  are  many  men  who  after  trying  the  work  are  compelled  to  desist  on  account  of  the  distress  and 
exhaustion  which  it  produces.  In  Dr.  Sanderson's  opinion,  the  immunity  from  injury  to  health 
which  most  men  employed  in  these  hot  workings  appear  to  enjoy  is  attributable  to  the  shortness  of 
the  periods  during  which  they  are  exposed  to  tae  high  temperature,  and  to  the  readiness  with  whidi 
they  can  escape  to  a  well  ventilated  cooling  place  the  moment  they  are  Incapacitated  for  further 
exertion  by  disorder  of  the  circulation  and  increase  of  the  temperature  of  the  body.  On  receiving 
Dr.  Sanderson's  report,  the  Chairman  of  the  Committee  addressed  to  him  a  letter,  which  will  be 
fuund  in  the  Appendix,  and  which  contains  the  following  inquiry  : — "  If  you  think  a  higher  tempe- 
"  rature  than  blood  heat  could  not  be  borne  with  safety  in  a  moist  atmosphere,  I  should  further 
**  like  to  know  at  about  what  lower  t^perature  you  would  be  disposed  to  fix  the  limit  that  would 
"  be  conastent  with  healthy  continuous  labour,  say  for  five  hours  at  a  time.*^  Dr.  Sanderson's 
letter  in  reply  will  also  be  found  in  the  Appendix,  and  contains  the  following  passages: — ^'It 
"  is  certunly  my  opinion  that  labour  is  not  practicable  in  moist  air  of  a  temperature  equal  to  that 
"  of  the  blood,  excepting  for  very  short  intervals.  The  facts  I  observed  in  Cornwall,  I  think, 
"  justify  me  in  expressing  this  opinion,  even  more  decidedly  than  I  did  when  examined  by  the 
"  Committee.  You  further  asked  me  at  what  temperature  I  am  disposed  to  fix  the  limit  that 
*'  would  be  consistent  with  continuous  healthy  labour,  say  for  five  hours  at  a  time.    This  question  I 

consider  much  more  difficult.  I  am  disposed  to  say  90°  Fahr.,  with  this  reservation,  that  In  my  opinion 
**  a  man  could  certainly  not  be  expected  to  do  as  much  work  In  moist  air  at  a  temperature  of  9(f  as  he 
"  could  in  ordinary  conditions  of  temperature  and  moisture.  I  believe  that  the  loss  of  working  power 
"  would  even  at  90°  be  vei^  considerable." 

The  highest  temperature  of  fur  observed  by  Dr.  Sanderson  in  the  hot  workings  of  the  Cornish 
inine  having  been  103%  while  Mr.  Gilbert,  the  manager  of  tlie  mine,  had,  in  his  letter  to  the  Secretary 
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BvortA.     of  the  25th  July  1869,  (which  appeara  in  the  evidenoe^)  named  117**  Fahr.  as  the  tempenituze  of  the 

—  «r  in  the  hottest  place  then  working,  the  Chairman  of  the  Committee  wrote  to  Dr.  Sanderson, 
drawing  his  attention  to  this  discrepancy,  and  asking  him  whether  he  could  explain  the  differenoe. 
He  also  inquired  whether  it  was  Dr.  Sanderson's  opinion  that  if  the  men  employed  in  th^e  hot 
workings  wer«  oocasionally  exposed  to  still  higher  temperatures  of  saturated  air  thdr  health 
would  oe  permanently  injured,  or  merely  that  the  distreu  and  exhaustion  he  had  described  would 
be  brought  on  by  still  shorter  periods  of  labour  than  he  bad  named.  Dr.  Sanderson  in  his  reply 
pointed  out  tiiat  to  obtain  the  correct  temperature  it  was  necessary  to  protect  the  thermometer 
from  the  drip  of  hot  water  from  the  roof,  and  that  if  this  precaution  had  been  omitted  tiie 
discrepanqy  would  be  partly  accounted  for.  He  did  not,  however,  consider  that  tiie  higher 
temperatures  of  satimited  air,  such  as  were  stated  to  occur  in  this  mine,  would  ha^e  any  other 
effect  than  still  further  shortening  the  possible  periods  of  labour.  The  Churman  also  wrote 
to  Mr.  Gilbert,  asking  him  if  Dr.  Sanderson  bad  been  conducted  to  the  hottest  part  of  the 
workings,  and  so,  whether  the  temperature  at  that  part  was  ever  higher  than  at  the  time  of 
Dr.  Sanderson's  visit  He  replied  that  the  place  visited  by  Dr.  Sanderson  was  the  hottest  part  of  the 
mine,  but  that  about  a  month  previous  to  his  visit  the  ventilation  had  been  improved,  and  the  tem- 
perature reduced  fully  10*.  He  added  that  the  temperature  had  risen  5°  since  Dr.  Sanderson's 
vimt  Thus,  according  to  Mr.  Gilbert's  letter,  the  temperature  of  the  air  in  these  hot  workings 
must  previously  to  the  improvement  of  the  ventilation  have  been  113°,  bein^  10°  higher  than 
observed  by  Dr.  Sanderson,  and  within  VB"  of  the  temperature  of  the  spring  which  is  the  source  fd 
tiie  heat 

From  the  preceding  remarks,  it  is  evident  that  the  question  of  the  maKiTrmm  tmperature  under 
which  work  can  be  carried  on  in  a  coal  mine  lunges  in  a  great  measure  upon  the  hygrometric  condi- 
tion of  the  air  after  having  traversed  the  air  courses  leading  to  the  places  where  tiie  work  of  the 
mine  is  carried  on.  Numerous  observations  upon  this  point  have  been  collected  for  the  committee 
by  Mr.  Lindsay  Wood  in  the  county  of  Durham,  and  by  Mr.  Dickinson  In  Lancashire,  North 
Wale^  Cheshire,  Staffordshire,  and  Yorkshire,  and  the  results  sxe  briefly  sunomariaed  in  the 
f<>Uowing  tables.  A  table  is  also  subjoined  of  hy|rometrio  observations  m  a  Turkish  bath,  to 
afford  a  comparison  between  the  degree  of  dryness  existing  in  the  atmosphere  of  coal  mines  and  in 
that  which  is  breathed  by  the  men  who  perform  the  labour  of  shampooing. 


No.  1. 


SuuHARY  of  Hygrometric  Observations  in  Coal  Mines  in  the  County  of  Durham. 


Kame  of  Mfiw. 

FlSMflf 

Obiemtioii. 

Depth 

ID 

DiBtasM 

from 
Downcast 
Shaft,  in 
Yttds. 

Dry 
Bolb. 

Wet 
Bulb. 

SelatiTe 
Himiidity, 
100°  bei^ 
Sataration. 

Besia^ 

Jane  Pit,  Eppleton  J 
Colliery          - 1 

A  working  face 
Do. 

1,895 
1,396 

4,832 
4,440 

0 

78-5 
74- 

o 

73-6 
74- 

100- 
100- 

Do, 

1,396 

4,560 

74-6 

74'6 

100- 

Do. 

838 

2,560 

64- 

64- 

100- 

Caroline  PitjEpple-  f 

Do. 

1,040 

3,364 

65-6 

65- 

97-2 

ton  Colliery 

Da 

1,012 

3,328 

65-5 

65" 

97-2 

Do. 

1,030 

3,365 

65- 

65- 

100- 

Lady  Pit,  Elemore  / 

Da  - 

970 

1,866 

67-6 

67-5 

100- 

Colliery  - 

Do.  ^ 

930 

2,660 

66* 

66- 

100* 

Da 

88 

3,454 

65- 

64-5 

97-2 

.Wharton  Colliwy 

Do. 
Do. 

900 
924 

4,246 
3,696 

64*6 
68- 

64- 
67- 

97-2 
94-7 

Do. 

1,254 

1,826 

71-75 

70- 

91- 

MonkwearmoQth 

Do. 

1,646 

3,256 

81*25 

79-5 

92- 

Colliery  - 

Do. 

1,640 

3,216 

82-26 

81-25 

95-6 

Byhope  Colliery  - 

Do. 

1,560 

2,762 

73- 

71- 

90-2 

Under  the  sea. 

Murton  Colliery 

Do. 

1,374 

4,532 

70- 

69-5 

97-4 

These  observations  were 

Honkwearmouth,  f 

Do. 

1,646 

3,256 

81- 

78- 

86-8J 

taken  by  Mr.  L.  Wood 

2nd  observations  \ 

Da 

1,640 

3,216 

81- 

78- 

86-8 

and  Mr.  Dickinstm  con- 

jointly. 

It  is  the  praotioe  in  tide 

colliery  to  water  the 

Monkwearmoath  "l 
Colliery,      3rd  J> 
observations     -  J 

Da 

1,646 

3,256 

81- 

74- 

70-4 

roads  to  keep  down  the 
dna^  but  this  jsaetiee 

Da  • 

1,640 

3,216 

81-i 

77- 

80-6- 

had  been  suq)ended  fyr 
11  days  immediately  pre- 

ceding this  3rd  set  of 

observations. 

Seaham  Colliery  - 

Do. 

1,995 

2,200 

78- 

67- 

60-3 
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SuHiUBr  of  HTCttouTBio  Obbertatioks  in  Coai.  Afnras  in  Lahcashibi,  Nobth  Wales,  Chuhibb, 

Staffobdbhibe,  and  Yorkshibb. 


Name  of  Hioe. 

Place  of 
ObaervBtioiL 

Depth 
in 

Feet 

Diat&nce 

from 
Dovneast 

Shaft. 

I>ry 
Bulb. 

Wet 
Bulb. 

Belatire 
Hnmiditjr, 
100°  b^ 
Satoratioii. 

Bemarka. 

r 

Bose  Bridge  CcA-J 
liery       -  A 

Pendleton  CoUiery  < 

Astley  Fit,  Dakin- 
A^d  Collieiy. 

Astley  and  Tyldes- 
dale  Colliery 

End  face  of  a 
lerel. 
Do. 
Do. 

A  working  face 
Do. 

Do. 

Face  of  level - 

2,391 

2,391 
2,391 

2,064 

A  til  A 

2,216 
1,200 

xds. 
69 

103 
303 

1,747 
590 
2,03fi 

o 

71- 

72-5 
75- 

81' 

77 

73- 
69- 

o 

64-5 

66-5 
68- 

73- 
69* 

69- 
69- 

68-3 

66-8 
68- 1 

66-5 
64  8 

80-7 
100- 

In  the  Tables  fh>m  which  this 
summary  is  compiled  the 
depth  is  stated  in  yards, 
and  the  distance  travelled 
by  the  air  computed  from 
the  mouth  of  the  shaft. 
To  facilitate  comparison 
with  the  Durham  obser- 
vations, the  depth  is  here 
expressed  in  feet,  and  the 
distance  travelled  is  taken 
from  the  bottom  of  the 
shaft. 

Bank  Collieiy 

A  working  face 

900 

120 

68- 

67- 

94-7 

Low  Side  CoUieiy  - 

Do. 

492 

586 

60- 

60- 

100- 

Anderton  Hall  Col- 
lieiy. 

Face  of  level  • 

900 

600 

63- 

62- 

94-3 

Bradleyfold  Colliery 

A  working  face 

540 

1,520 

70- 

69- 

94-8 

Wynnstay  Colliery, 
North  Wales. 

Do. 

1,173 

611 

67- 

66- 

94-6 

Hafod     Colliery,  f 
North  Wales  -( 

Do. 
Do. 

1,815 
1,452 

195 
390 

75- 
72- 

73- 
70- 

90*4 
90- 

CUfton   Hall  Cul 
liery. 

Do. 

1,640 

1,262 

69- 

63- 

70- 

No.  3. 


Htqbohbtbic  Obsbkvatiohs  made  In  the  Shampooing  Chamber  of  the  Turkish  Baths  in 

Jermyn  Street,  London. 


Date  of 
Obcemtion. 


Honr  of 
Day. 


l>ry 
Bulb. 


Wet 
Bulb. 


BelatiTe 
Humidity, 
100°bd^{ 
SatoratioD. 


Remarks. 


187a 
18th  March 


10.25  a.m. 

12.80  pjn. 
2.30  „ 
8.80  „ 
4.80  „ 
6.5  „ 


113- 
lH-6 

lu- 
lls- 

114-5 
112- 


84-5 

87- 

905 

86- 

89- 

89-6 


27*7 
31*6 
37-4 
31-0 
34-7 
39-5 


The  temperatures  were  taken  in  the  cenbe  of  the 
chamber.  The  reputed  temperature  of  tiie 
chamber  was  120^,  bnt  the  thermometer  indi- 
cating that  temperature  was  fixed  against  a  wall 
contiuning  a  flue,,  which  raised  the  rea^ng  of 
the  instrument  several  degrees  above  ^e  actual 
temperature  of  the  air. 


Average  humidi^ 


83-7 
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BaptrtA.  From  these  tables  it  will  be  eeen  that,  as  a  rule,  the  deepest  collieries  are  the  driest  The 
—  greatest  drjfneae  of  air  shown  by  auy  of  the  observations  is  in  the  case  of  Seaham  colliery,  where, 
with  a  depth  of  1,995  feet,  the  relative  humidity  in  relation  to  saturation  is  as  60-3  to  100.  There 
does  not,  however,  appear  to  be  any  ratio  between  depth  and  dryness,  for  in  several  of  the  collieries 
enumerated,  where  the  depth  is  greater  that  at  Seaham,  the  dryness  is  less,  and  none  of  the  examples 
quoted  exhibit  any  appeai'nnce  of  proportion.  The  observations  in  the  Turkish  bath  show  a  degree 
of  dryness  which  fur  exceeds  that  of  the  air  of  coal  mines.  Thus  the  lowest  relative  humidity 
observed  in  the  bath  room  was  277  to  100,  while  the  lowest  observed  in  a  colUeiy  was  60*3  to  100. 
The  Monkwearmouth  colliery  is  one  of  those  at  which  hygrometric  observations  have  been  taken 
for  the  Committee.  That  colliery  presents  an  example  of  coal  worked  at  a  great  depth  and  with 
long  pasiJigcs,  tlie  working  face  being  3,250  yards  from  the  shaft,  and  at  a  depth  of  1,640  feet  from 
the  surface.  By  the  evidence  of  Mr.  Elliott,  and  of  other  witnesses  well  acquainted  with  this  coal 
mine,  it  appeara  that  iu  consequence  of  the  high  temperature  the  men  work  shorter  hours.  This 
temperature,  therefore,  when  accompanied  with  long  air  passages,  may  be  regarded  as  the  point  at 
which  high  temperature  begins  to  take  effect  on  the  physical  endunmoe  of  the  miners,  and  thereby  to 
increase  the  cost  of  working.  At  all  events  the  example  of  Monkwearmouth  colliery  is  sufficient  lo 
show  that  the  beginning  of  detrimental  temperature  is  not  much  above  80"  Fahr.  At  what  rate  the 
detrimental  effects  would  increase  beyond  that  temperature,  and  at  what  point  they  would  amount  to 
prohibition,  cannot  in  the  absence  of  positive  experience  be  absolutely  decided. 

Up  to  the  present  time,  however,  the  inconvenience  felt  from  high  temperature  has  been  very 
inconsiderable,  and  consequently  the  attention  of  mining  engineers  has  not  been  especially  directed 
to  its  reduction.  For  the  snme  reason  no  attempt  has  been  made  to  prevent  ue  absorption  oi 
aqueous  vapour  by  the  intake  air.  If  the  intake  air  oould  be  carried  to  the  working  faces  in  such 
a  condition  of  dryness  as  to  permit  of  free  evaporation  from  the  bodies  of  the  workmen,  a  considerably 
higher  temperature  could  be  endured  than  in  an  atmosphere  possessing  the  ordinary  humidity  of  a 
mine.  The  Committee  cannot  deal  with  hypothetical  expedients  for  effecting  this  object,  but  they 
recognize  the  possibility  of  future  discovery  and  experience  coanteracting  in  some  nukaown  degree 
the  effects  of  heat  and  humidity  in  restricting  the  depth  of  working. 

The  depth  at  which  the  temperature  of  the  earth  would  amount  to  98°  would  be  about  3,000  feet; 
Under  the  long-wall  system  of  working  a  difference  about  7°  appeaxa  to  exist  between  the  temper- 
ature  of  the  air  and  t^at  of  the  strata  at  the  working  faces,  and  this  difference  represents  a  further 
depth  of  420  feet,  so  that  the  depth  at  which  the  temperature  of  the  air  would,  under  present  con- 
ditions, become  equal  to  the  heat  of  the  blood,  would  be  about  3,420  feet  Beyond  this  point  the 
considerations  affecting  increase  of  depth  become  so  speculative  that  the  Committee  must  leave  the 
question  in  uncertainty,  but  they  consider  it  may  fairly  be  assumed  that  a  depth  of  at  least  4,000  feet 
could  be  reached.  Great  efforts,  however,  would  undoubtedly  be  made  to  overcome  the  difficulties 
of  working  coal  at  a  still  greater  depth. 

^W.  G.  Abmstbono  (obairman). 

John  Gedi>es. 
*john  t.  woodhoube. 

H.  HussET  Vivian. 
*Georg-e  Elliot. 
*JosEPH  Dickinson, 

*T,  E.  FORSTEB. 

J.  F.  Campbell, 

Secretary, 
May  3id  and  Utli,  1870. 


*  Selected  to  serve  on  this  Committee  July  7  and  November  8,  1866. 
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Pabticvlabs  of  ExPBBiHBNTS  hy  SiB  W.  Abmstboitg  on  the  BiM  of  Temperature  in  Air  passisg 
at  diffOTent  Velocities  through  heated  Pipes,  representing  the  Heated  Passages  of  a  Deep  Mine. 

The  apparatus  used  in  these  experiments  is  delineated  in  the  accompanying  drawing.  It  consisted 
of  a  tank  of  hot  water,  in  which  was  immersed  a  pipe  conTeying  air  from  a  gasometer  charged  hv  a 
smith's  bellows.  The  pipe  was  regarded  as  representing  the  air  passage  of  a  mine,  the  water  bemg 
the  eqninlent  of  the  heated  strata  surronndmg  the  passage.  The  water  was  maintained  at  a 
constant  temperature  by  steam  admitted  by  a  r^alating  cock  from  a  neighbouring  IxAler.  The 
temperature  acquired  by  the  air  in  passing  through  the  pipe  was  ascertained  by  a  thermometer 
inserted  in  a  nozzle  aflBzed  to  the  end  of  the  pipe.  The  velocity  of  the  current  of  air  was  acjjusted 
by  ft  cock  attached  to  this  nozzle,  and  was  indicated  by  the  time  required  to  discharge  the  contents 
of  tJie  gasometer.  The  materia!  of  the  nozzle  was  india-rubber  enveloped  in  felt,  with  an  external 
casing  of  sheet  lead,  and  the  bulb  of  the  thermometer  was  surrounded  by  a  <V)rlinder  of  brisht  tin 
plate,  to  diminish  radiation.  Every  precaution  was  taken  to  eliminate  the  disturbing  action  Doth  of 
conduction  and  radiation.  Experiments  were  made  both  with  india-rubber  pipes  and  lead  pipes, 
bat  chiefly  with  the  former,  as  better  representing  the  imperfect  conducting  power  of  coaL  The 
length  of  pipe  immersed  varied  in  the  different  experiments  from  40  to  480  mches.  The  diameters 
of  the  pipes  were  in  all  cases  either  1  inch  or  1^  inches.  With  pipes  of  1^  inches  the  velocities  of  the 
current  were  limited  to  3,  6,  9,  12,  and  15  feet  per  second.  With  pipes  of  1  inch  diameter  the 
velocities  were  increased  in  the  inverse  ratio  of  the  area  of  the  pipes,  viz.,  to  6  ft.  9  ins.,  13  ft  6  ins., 
20ft.  Sins.,  27  ft.  and  33ft.  9 ins.;  so  that  with  both  sizes  of  {npe  eqnal  volomes  of  ur  were  passed 
in  equal  tunes. 

In  the  following  tables,  embracing  the  results  of  most  of  the  experiments^  all  temperatazee  ue 
recorded  in  degrees  of  Palurenheit 


Tablb  a. 

ExPEBlUBMTfl  with  India-^bber  ^pe  1^  inches  innde  Biameto',  and  varying  in  Length  ftom 

40  inches  to  480  inches. 


Temperature  of  the  water  100".   Temperature  of  the  external  air  46".  Difference  54". 


Ijeagfh  of 
Fipt  ia  laelMi. 

of  CtnreDtin 
Feet  per  Seoond. 

Temperatore 
of  the  Air  ifter 

throng  ripe. 

Xinal  Difference 

between  the 
Tcunintisv  of 
the  Air  and  of  th« 
Water. 

lnereMeirf 
flml  DiffertDce. 

0 

e 

e 

40 

3 

81-5 

18-5 

18-5 

tt 

6 

78-25 

26-76 

8-26 

M 

9 

69-5 

805 

8-75 

n 

12 

67-5 

32-6 

2- 

n 

16 

66-25 

33-75 

1*25 

86 

8 

94* 

6- 

6* 

*, 

6 

88-25 

16-76 

10-76 

M 

9 

78-25 

21-75 

6- 

t 

12 

76- 

24- 

2-26 

16 

74'6 

26-5 

V6 

IGO 

8 

98-5' 

1-5 

IS 

If 

6 

96- 

6- 

3-5 

» 

9 

91- 

9- 

4- 

12 

88-25 

11-76 

2-75 

tt 

U 

86-75 

13-25 

1-5 

820 

8 

99-75 

*26 

-25 

n 

6 

99-76 

•26 

tt 

9 

99-25 

-75 

•25 

n 

12 

98-5 

1-6 

•76 

tt 

15 

98- 

2' 

•5 

480 

3 

100 

» 

6 

100 

9 

100 

» 

12 

99-76 

•26 

•16 

tt 

IS 

99-5 

'5 

•25 
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Table  B. 


(Same  ouoditions  u  on  Table  A.,  except  u  under.) 
Tempentnre  of  llie  water  140^.  Temperature  of  the  eztenul  air  80".  Diflbrense  llCf. 


1  igngwi  or 
Pipe  in  Inohai. 

c^GoiKot  in 
Ztat  par  BMOod. 

Temperatare 

passios 
fbxoogli  Pipe. 

Fiiul  DiffereQCfl 

between  the 
TempenUnre  of 
tlu  Air  uid  of  tlM 
Water. 

fioal  Differoiee. 

40 

8 

o 

117-5 

o 

22-5 

e 

22-5 

»t 

6 

99-75 

40-25 

17-75 

9 

87*5 

52-5 

12-25 

» 

12 

82-5 

57-5 

5- 

n 

15 

80-5 

59-5 

2- 

80 

3 

130-5 

9-6 

9-5 

w 

6 

"U2- 

28- 

18-5 

>»  ' 

9 

103-75 

36-25 

8-25 

.  12 

98-25 

41-75 

5-5  !. 



tt 

15 

95- 

45- 

8-25  1 

160 

8 

187- 

8- 

3- 

»» 

6 

134* 

6- 

3-  1 

i> 

9 

127*25 

12-75 

6-75 

»> 

12 

123* 

17- 

4-25 

« 

15 

120-7.> 

19-25 

2-25 

■ 

aao 

.  8 

138-5 

■1-5 

1-5 

i< 

ft 

loo  u 

91 

9 

18is-76 

3-25 

1-75 

■Ji 

12 

135 -25 

4-75 

1-5 

** 

15 

134-25 

6-75 

1- 

480 

3 

138-5 

1-5 

1-5 

-M. 

.  6 

188-5 

1-5 

9 

138-75 

1-25 

•25 

n 

12 

187-75 

•  2-25 

■ 

1- 

-M- 

• 

.U 

187-5 

2-5 

-25 
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EzFEBUUnrrs  with  India-rubber  Pipe  1^  inches  inside  Diameter,  160  inoheB  in  Length,  and 
immersed  in  Water  Tarying  in  Temperature  from  60°  to  160^. 

Temperature  of  the  external  Air  42". 


Velocity  trf 
CmFent  in  ?C6t 
per  Seoond. 

Tenj^stiue  of 
Watar. 

Temperatore  of 
tlie  Air  after 
paanw  through 
Kpe. 

Final  Difference 

between  the 
Temperature  of 
the  Air  and  of  the 
Water. 

IherMae  of  final 

3 

« 

60 

0 

59-25 

e 

•75 

o 

•76 

1 

I  6 

I) 

58' 

2- 

1-25 

9 

» 

57*25 

2-76 

-75 

12 

n 

Ob  70 

3*25 

-5 

15 

56-25 

3-75 

•6 

8 

80 

79- 

1- 

1- 

6 

M 

76-5 

3-6 

2-6 

i  9 

If 

74- 

6- 

2-6 

» 

72*  6 

75 

1*6 

15 

71-25 

8*75 

1-26 

3 

100 

98-5 

1-5 

1-5 

6 

tt 

95- 

5- 

3-5 

!  9 

n 

91- 

9- 

4' 

12 

n 

88*25 

11-76 

2 '76 

15 

ff 

86-75 

18-25 

1-5 

8 

120 

117-5 

2-6 

2  5 

6 

H 

112-75 

7-25 

4-75 

9 

l> 

108-5 

11-5 

4-25 

12 

n 

105*5 

14-5 

3- 

15 

■ft 

W 

102*5 

17.5 

3- 

3 

140 

137* 

3- 

8* 

» 

134* 

6- 

8- 

9 

-  H 

127-25 

12-75 

6'75 

12 

n 

123- 

17* 

4-25 

15 

» 

120-75 

19-25 

2-26 

3 

160 

* 

157* 

8- 

8* 

6 

150-6 

9-5 

6'6 

9 

M 

144*75 

15-26 

5-75 

12 

»»" 

140-25 

19-76 

4-6 

15 

'» 

136*75 

23-25 

1 

3-5 

1 

i 
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Table  D. 

EzFEBUBNIB  with  ladiflrrubber  1  inch  inside  Diameter,  and  varying  in  Length  from 

40  inches  to  320  inches. 


Temperuture  of  the  WRter  140^.   Temperature  of  the  external  Air  30".  Difierenoe  1 10*. 


imlaohes. 

Velocity  of 
Current  in  Feet 
per  S«ooiid. 

Temperatore  of 
the  Air  after 
paswng  through 

Pipe. 

Final  DiffiBTcnoe 

between  the 
Temperature  of 
the  Air  and  of  the 
Water. 

ft 

ins. 

• 

Q 

40 

6 

9 

116-5 

28-5 

23*5 

n 

18 

D 

92-5 

47-6 

24- 

n 

20 

3 

86-76 

53-25 

5*75 

n 

27 

0 

82-25 

57*76 

4-6 

$$ 

38 

9 

78*6 

61-6 

3*76 

80 

6 

9 

127- 

13- 

13- 

» 

13 

6  • 

109* 

31- 

18* 

» 

20 

3 

102-25 

37-75 

6-75 

n 

27 

0 

96-75 

43*25 

6*5 

n 

33 

9 

90-5 

49-5 

6-23 

160 

6 

9 

186  25 

3-75 

3-76 

)i 

18 

6 

128- 

12- 

8*26 

n 

20 

3 

122-5 

17-5 

5-5 

It 

27 

0 

117-75 

22-25 

4-75 

n 

33 

9 

113-5 

26-6 

4  25 

320 

6 

9 

139- 

»• 

1* 

» 

13 

6 

138-75 

1-26 

•25 

20 

3 

137- 

3- 

1-76 

II 

27 

0 

134-75 

5-26 

2-25 

» 

33 

9 

132-5 

7-6 

2-25 

Table  E. 

EzpxbiueNTS  with  Lead  Pipe  1}  inches  inside  Diameter,  and  vaiying  in  Length  from 

40  inf^es  to  240  inches. 


Temperature  of  the  Water  100".   Temperatura  of  the  external  Air  38°.   Dilferenoe  62*. 


Length  of  Ffpe 
in  Inohet. 

Velocity  of 
Current  in  Fe«t 
per  Second. 

Temperature  of 
the  Air  after 
paanng  throagfa 
npe. 

Final  DiSierenoe 

betireen  the 
Tenwntare  of 
the  An  and  oC  the 
Water. 

Increase  of 
flsal  Difflmnee. 

e 

e 

Q 

40 

3 

83- 

17* 

17- 

» 

6 

74- 

26* 

11- 

» 

9 

70- 

80- 

4* 

t* 

12 

67-6 

32-6 

2-6 

80 

3 

92*5 

7*6 

7-6 

» 

6 

88* 

12- 

4-6 

9 

66* 

IS- 

3- 

ft 

12 

83-26 

IS -75 

1-75 

160 

3 

97-6 

2-5 

2*6 

tt 

6 

96-5 

3-5 

1- 

n 

9 

96-6 

4'5 

1- 

n 

12 

94*6 

5*6 

1" 

240 

3 

100- 

n 

6 

99-75 

•26 

•26 

9 

99-25 

•75 

•5 

12 

99- 

1' 

•25 

Digitized  by 


ON  POSSIBLE  DEPTHS  IN  WOBXINO. 


93 


The  axmexed  dia^raroB  axe  founded  upon  the  tables.  Hie  ourres  indicating  the  rise  of  temperataire 
in  the  ur  sprinj^  from  the  point  in  the  temperature  scale  which  corresponda  with  the  temperature 

the  entering  air.  From  this  point  they  rise  wil^  ;great  rapidity  towards  the  horizontal  une  repre- 
senting the  temperature  of  the  water,  but  the  rate  of  approach  diminishes  as  the  distance  travelled 
inoreasee.  Each  curve  corresponds  with  an  additional  equal  increment  of  air,  aiid  tbe  i^mce  between 
eadi  curve  enresses  the  cooling  effect  of  the  corresponding  increment  From  these  tables  aiid 
du^rams  it  will  be  seen  that  it  is  only  at  points  near  to  the  intake  that  the  temperature  is  largely 
reduced  by  increasing  the  quantify  of  nir.  In  the  more  distant  parts  of  the  pipe  no  considerable 
reduction  of  temperature  was  effected  by  increasing  the  current  from  3  feet  to  15  feet  per  second.  -  - 

The  experiments  elucidate  the  fact,  that  great  differences  of  external  temperature  are  scarcely  felt 
in  a  mine,  except  at  short  distances  from  tlie  shnft.  By  comparing  diagrams  Nos.  1  and  2,  which 
embody  the  same  conditions,  except  that  in  No.  1  the  initial  difference  uf  temperature  is  54°,  while 
in  No.  2  it  is  110°,  it  will  be  seen  that  this  great  inequality  of  difference  is  quickly  reduced  to  a 
small  amount  by  the  more  rapid  rise  of  temperature  which  increase  of  difference  occasions. 

The  inflnence  of  velocity  in  stimulating  the  absorption  of  heat  is  shown  by  a  comparison  of 
diagrams  No&  2  and  3,  in  which  the  conditions  are  the  same,  except  as  regards  the  diameters  of  the 
pipes  and  the  velocities  of  the  currents.  The  volume  of  air  per  minute  passed  through  each  pipe 
was  the  same,  but  the  diameter  of  pipe  being  1  inch  in  the  one  case  and  1^  inches  in  the  other,  it  was 
necessary  for  maint«mng  uniformity  of  volume  to  increase  the  velotnties  through  the  smaller  pipe 
in  the  ratio  of  9  to  4.  Although  the  area  of  heating  surface  presented  by  the  1-inch  pipe  was  only 
two-thirds  of  that  presented  by  the  l^^-inch  pipe,  yet  the  quantity  of  heat  absorbed  was  nearly  the 
same  in  both  cases.  When  the  larger  pipe  was  reduced  iq  length,  so  as  to  equalize  the  heating 
surface,  the  smaller  pipe  gave  much  the  higher  temperatures.* 

The  increase  of  heating  action  due  to  superior  conducting  power  in  the  material  of  the  pipe  is 
shown  by  diagram  No.  4  viewed  in  comparison  with  No.  1.  In  No.  4  the  pipe  is  of  lead ;  in  No.  1 
it  is  of  india-rubber.  In  other  respects  the  conditions  are  substantially  the  same.  With  the  lead 
pipe  the  temperature  of  the  ur  rises  more  rapidly,  but  the  difoence  is  not  so  connderable  as  might 
tune  been  anticipated. 

The  various  experiments  thus  made  with  pipes  in  hot  water  are  not  supposed  to  afford  data  for 
determining  the  distance  to  which  air  would  travel  in  the  passages  of  a  mine  before  acquiring  a 
given  temperature,  but  they  indicate  the  principles  which  would  govern  the  absorption  of  heat  by 
tiie  air,  and  they  lead  to  the  general  conclusion  that  increase  of  ventilation  will  not  materially  reduce 
the  temperature  of  air  in  a  mine  when  the  distance  travelled  is  such  as  to  raise  the  temperature  of 
nn  existing  ordinary  current  nearly  to  an  equality  witii  that  of  the  strata^ 


REPORT  OF  COMMITTEE  B. 

[As  gent  June  6,  1871,  to  the  Secretary  by  Mr,  Hunt,  Chairman  of  the  Committee  on  fVaste  in  Combttslion. 

J.  F»  Campbtll,  fkeretary."] 

MyLoidDuke, 

We,  the  Commissioners  who  were  choaen.on  the  7th  July  1866  to  bo  a  Committee  to 
inquire  whether  there  is  reason  to  believe  tiio/  eoal  is  wasted  by  carelessness  or  neglect  of  proper 
tmfHaneesJ^  its  eemwmiml  eo»sHmption,  have  now  the  honour  to  repeat  to  l^e  Royal  Commisuon,  of 
mioh  your  Graoe  is  Chairman,  the  result  of  our  labours. 

General  Conclusions, 

Our  general  reply  to  the  question  submitted  to  ua  is,  that  without  doubt  cool  is  wasted  by  care- 
lessness and  neylect  in  lai^  quantities.  But  the  evidence  which  we  have  collected  goes  to  prove  that 
for  some  time  past,  in  our  manufactureSj  there  have  been  constant  and  persevering  ^orts  to  economise 
ctKd  by  the  application  of  improved  appliances  for  its  consumption.  We  have  eufiicipnt  reason  for 
believing,  that  in  some  branches  of  manufacture  the  limits  of  a  beneficial  economy  appear  to  have 
been  nearly  reached,  and  that  in  other  cases  a  gradual  effort  will  continue  to  be  made  for  savi^ig  fuel. 
This  will  he  materially  promoted  by  that  advancing  price  of  coal,  which  we  may  suppose  will  continue 
as  the  cost  of  the  production  of  coal,  by  the  rapid  extension  of  subterranean  works,  increases. 

From  this  general  answer  we  must  advance  to  an  examination  of  the  more  prominent  points  of 
the  evidence  upon  which  our  conclusions  have  been  founded.  In  the  epitome  which  forms  our  report, 
there  will,  we  hope,  be  found  an  answer,  in  sufficient  detail,  to  each  point,  which  is  involved  in  a 
fair  consideration  of  the  question  "  waste  in  combustion." 

MBBTiHeS. — ffeads  of  Subjects. 

Ten  meetings  have  been  held  by  Committee  B.  Twenty  witnesses  have  been  examined.  Com- 
mimioaticnA  have  been  re<»ived  from  12  experienced  men,  and  several  works  have  been  visited  by  the 
cbunnon. 

The  first  meeting  of  this  Committee  B.  was  held  on  September  11th,  1866,  Mr.  George  T.  C!Iark  in 
the  chair,  when  the  points  for  inquiry  were  conndered,  uid  a  series  of  su^stiims  submitted  to  the 


*  The  effect  of  velocity  in  increttsing  tho  absorption  of  beat  by  a  current  of  air  is  noticed  by  Fcdet  in  his 
teeatise  "De  la  Chaleur  <Utn8  ses  AppliciUions,"  see  p.  382,  vol.  1, 
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"wrtB.     membere.    Other  tneetingi  were  held  on  October  9ih,  on  November  7tfa,  on  January  8tb,  1867^  and 
on  February  12th.    At  the  last  of  these  the  name  of  Mr.  Robert  Hunt  was  added  to  the  list  of  the' 
members  of  this  Oommittee.    A  set  of  questions  having  been  agreed  to,  they  were  ordoed  to  be 
printed,  and  subsequently  100  copies  were  sent  to  each  of  the  members  for  (urculotioQ. 
Appendix  A.     Those  qnestione  bore  espetnaUy  on  the  Allowing  subjects.    ( The  ywtHinu  tin  printed  in  Uu 

T.  At  to  Blast  Furnaces. 
"■  IL  Asto  Flats  or  B^ned  Metal. 
nr.  As  t»  Puddling. 
IV.  As  to  Merchant  Iron  and  Rails. 

The  circulation  of  those  questions  did  not,  however,  produce  any  satisfactory  result 
Inquiry  was  also  directed  to  the  following  pointa :  — 

Y.  As  to  the  eajnomioal  use  of  coal  in  tlte  production  of  steam. 

VI.  As  to  the  economical  use  of  coal  in  the  production  of  metals  otiter  than  iron,  <^  glattf  of 
pottery,  and  man^wtures  generally. 
YII.  As  to  the  economical  use  of  coal  for  domestic  purposes. 
VIII.  As  to  the  theory  of  combustion  and  heat. 

At  a  meeting  held  on  February  25th,  1869,  Mr.  Bobert  Hunt,  with  the  approval  of  the  members 
of  ihe  Committee,  agreed  to  act  as  chairman,  and  ihe  examination  of  witnesses  was  commenced. 


List  of  Witnessbs,  with  thbis  Fbofebsionb. 

Bridence  printed 
at  page 

I.  C.  William  Siemens,  Esq.,  F.fi.S.,  Civil  Engineer,  (examined  twice)  -  B.    2  &  34. 

II.  William  Menelaus,  Esq.,  Manager  of  Bowlais  Iron  Works      -  -  B.  7. 

m.  Isaac  liOthian  Bell,  Esq.,  Iron  Master,  &a        -          -          -  -  B.  10. 

IV.  Sir    Wm.  Armstrong,  KC.B.,    F.B.S.,  &a,   a  member  of  the 

Commission         -          -         -         -          -          -  -  B.  20. 

V.  Thomas  Kuasell  Crampton,  Civil  En^eer   -             -          -  -  B.  27. 

VI.  Nea  Amott,  Esq.,  MD.,  F.B.S..  &a             -             -  -  B.  33. 

VII.  Captain  Andrew  Noble,  B.E.,  Manager  of  Elswiok  Gun  Factories  -  B.  38. 

VIII.  John  Hick,  Esq.,  C.E,  M.P.               -              -             -  -  B.  43. 

IX.  William  Fairbaim,  Esq.,  L.L.D.,  F.E.S.,  Engineer,  &c             - .  -  B.  48. 

X.  Benjamin  Horatio  Paul,  Ph.D.,  Chemist                -              -  -  B.  50. 

XI.  Edward  Alfred  Cowper,  Esq.,  Civil  Engineer          -             -  -  B.  53. 
XII.  Henry  Bessemer,  Esq.,  Steel  Manufacturer         -             - "  -  B.  59. 

XIII.  Walter  Williams,  Esq..  Iron  Master              -              -  -  B.  65. 

XIV.  Joseph  Beattie,  Esq.,  En^neer,  London  and  South-western  Railway  - '     B.  67. 

XV.  Henry  Hussey  Vivian,  Esq.,  M.P.,  a  Member  of  the  Commission  -  B.  68. 
XVI.  John  Anderson,  Esq.,  Engineer,  Royal  Arsenal,  Woolwich       -  -  B,  71. 

XVII.  David  Thomson,  Esq.,  Mechanical  Engineer       -             -        '  -  B.  76. 
XVIII.  Lavington  £.  Fletcher,  Esq.,  Engineer  to  Manchester  Steam  Users 

Aseofnation       -             -             -             -             -  -  B.  79. 

XIX.  Charles  Greaves,  Esq.,  Engineer,  East  London  Waterworks  -  B.  83. 

XX.  Thomas  B.  Jordan,  Esq.,  Mechanical  Engineer      -            •  -  B.  86. 

A  number  of  manu&cturers,  engineers,  and  others  were  written  tO;,  and  communioatioiis  have  been 
reemved  fiwu  the  following 

•  Mited  at  page. 

hB.n.Fttal,'E»({.— On  Liquid  Fuel             -             -             -  -  B.  16. 

2.  E.  Blakemore,  Esq. —  On  Warming  Buildings      -             -             -  -  B.  24, 

3.  Mr.  Walters.— On  ditto.   I          -             -             -             -  B.  26. 

4.  Henry  John  Marten. —  On  the  Economy  of  Coal  -  -  -  B.  26, 
6.  Alfred  Homfray. — Oa  separating  the  hate  from  Coal,  ^c,         -         .  .  B.  27. 

6.  E.  A.  Covrper.~ON  his  Hot  Blast  Stoves    •         -                   -  B.  41. 

7.  Charles  J.  Galloway.— On  the  Galloway  Tubes              -         .  -  R  32. 

8.  William  Husband. — On  Coal  used  in  Cornish  BoiUrt       -  -  B.  52. 

9.  William  West,  O.T£,.— Ditto             -              -             -  -  B.  62. 

10.  Miohell  and  Jenkin.~D£»o         -             -            -            -  -  B.  52. 

11.  John  Hocking,  junr. — Ditto           -          -           -           -          -  -  B.  52. 

12.  Samuel  Higgs  and  Son. — Ditto       -          -          -          -          -  -  B,  62. 

13.  Douglas  Gkilton,  R.E. —  On  his  Fire-place  and  Chimney       -             -  -  B.  88. 

14.  Thomas  Whitwell.— On  Fatsnt  Fire  Briek  Stones  for  Heatbig  Blast  -  Appendix, 


WoRKB  Ain>  Plages  visited  for  the  pubpose  of  obtaikino  Inforhation. 

As  the  investigationB  connected  with  Committee  E.  would  necessaiily  lead  to  inqniiies  in  the  nianu- 
faetnriDg  centres,  it  was  thought  advisable  that  Mr.  B.  Hunt  dionld  embrace  tiie  opportunities  thus 
offered  to  make  some  personal  inquiries  on  the  matters  which  were  especially  within  the  province  of 

this  Committee  B. 

The  chfurman  has  therefore  visited,  amongst  many  others,  the  several  works  named  below,  for  the 
purpose  of  ascertaining,  so  i«r  as  posnble,  the  real  {nractical  value, — ss  determined  by  the  e3q>erience 
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of  die  i^prieton  of  those  woi^, — of  the  AmMwe  in  use,  and  of  aenanl  a^liauoes  adopted  in  BaQoviB. 
the  hope  of  pmnoting  the  economy  <3£  ftieL 

1.  G-.  HiUer  and  Co.,  Glabgow.   Borning  the  waste  oils  from  the  gas  works  under  two  b(nler8. 

2.  John  Weeks  and  Co.,  Chelsea.   Warming  with  hot  water. 

3.  Clarke  and  Hope,  Bibhinohau.  Ditto. 

4.  Breedon  and  Booth,     Ditto.    Using  1,800  feet  of  piping  with  hot-water  apparatus. 

-  fi.  New  Hawne  Colliery.    HomfraVs  appantus  for  separating  the  <*bats^  Irom  the  coal  and 
coking  the  waste  c<m  of  S.  Staffi)rd8hire. 

6.  Woodside  Iron  Works,  Dttdlet.    Economy  in  blast  furnace  operations. 

7.  Apedale  Iron  Company.    Kew  arrangements  for  coking  coal,  &c.,  introduced  by  Geo.  Homfray. 

8.  Grallowaj's  Knott  Mill  Iron  Works,  Manchesteb.    Galloway  tubes  in  action. 

9.  Tlie  Monkbridge  Iron  Works,  Leeds.    Siemens'  furnaces  used  for  melting  steel,  reheating  and 

puddling.    (Vifflted  TWICE.) 

10.  The  New  British  Iron  Companj'e  Works.  Buabon. 

11.  The  Widnes  Metal  Works.  Widnes. 

- 12.  Ditton  Brook  Iron  Works.  LivEBPOOL. 

13.  Bloxwich  Fnmaoes,  Walsall.    Using  gases  from  furnaces. 

14.  Wednesbury  Oak  furnaces,  Wbdnbsbubt.    Use  of  South  Staffinrdshire  coal. 

Bbal  PBA.CTIOAI.  Value  of  Coal  as  a  Source  of  Power. 

Cml  being,  for  all  practical  purposes,  the  only  agent  employed  in  the  production  of  heat,  tt  ts 
Important  always  to  keep  in  view  its  thewetical  pow»  in  this  respect,  even  though  there  i^tpean  to  ■ 
be  but  small  hope  of  the  realization  of  this  power  in  pmctice. 

The  attention  both  of  men  of  science  and  of  practical  en^eers  h.is  been  for  eome  time  steadily 
directed  to  this  matter,  and  although  the  perfection  indicated  by  theory  has  not  been,  and  probably, 
never  will  be  attuned,  approaches  towards  it  are  continually  brought  nearer. 

If  we  examine  the  eridoice  cf  the  first  witness*  who  appeared  before  the  Committee,  we  find  those 
pontions  placed  in  a  fiurly  satiBfactory  manner.  It  will  be  known  to  most  persons  that,  as  stated, 
•*  One  pound  of  pure  coal  yields  in  combining  with  oxygen  in  combustion  theoretically  an  energy 

equal  to  the  power  of  lifting  10,800,000  pounds  one  foot  high,"  or,  "  the  full  theoretical  equivalent 
.**  .offeree  for  a  unit  of  heat,  that  is  to  say,  for  the  heat  necessary  to  heat  one  pound  of  water  through  ETiJeuce. 
"  one  degree  Fahrenhdt,  is  772  foot  pounds.  A  pound  of  coal  in  burning  should  yield,  14,000  units  of  p.  4. 
«  heat  or  772  x  14,000  =  10^08,000  foot  pounds." 

Mr.  J.  Anderson  in  his  evidence  truly  says,  "  the  good  which  is  now  being  done,  1  think,  is  entirely  -g^^j 
«  due  to  the  knowledge  of  Joule's  equivalent  of  heat  and  work  being  convertible.    I  beUeve  that  it  -^74*  ™ 
"  is  nuure  due  to  that  than  any  other  Cf^u8e,.and  this  as  a  clue  will  lead  in  many  directions."  1062.' 

It  may  not  be  so  generally  known  that  the  highest  practical  result  which  has  been  realised  is 
1,200,000  pounds,  or  less  than  one  eighth  of  the  ^eoretical  value,  and  this,  "  witiiont  cotmttng  the 
"  impurities  of  OTdinary  coal,  which  cannot  be  taken  at  less  than  ten  per  cent.**    TheoreticaUy,  a 

Sound  of  pure  coal  ehould  evaporate  about  13  pounds  of  water;  practicaVy  a  pound  of  ordinary  coal 
oes  not  evaporate  four  pounds. 

The  best  results  are  stated  to  have  been  obtained  in  the  boilers  of  tiie  Conush  engines,  or 
in  boilers  constructed  upon  the  modd  of  the  "Conu^  boiler.**  From  a  careful  set  of 
experiments  made  some  years  since,  this  was  shown  to  be  due,  in  Cornwall,  to  the  accurate 
ac^nstment  of  the  quantity  of  ur  admitted  to  the  fiiel,t  and  toa  careful  system  of  stoking.  It  is  to  be 
regretted  that  the  same  amount  of  attention  has  not,  of  late  years,  been  given  to  the  economy  of  coal 
in  the  workins  of  the  steam  engines  of  the  mines  of  Cxtmwall  and  Devonshire.  Consequently 
there  is  a  coniSerable  falling  off  in  the  retorted  duty  *,  the  coal  not  being  so  effectively  Dnrnt| 
.This  is,  no  doubt  partiy,  due  to  the  engines  having  become  old  and  worn,  and  consequently  im- 
perfect in  action.  But  it  cannot  be  disguised  that,  in  a  great  many  cases,  there  has  been,  owing 
to  the  system,  which  has  unfortunately,  for  some  time,  prevailed  in  working  our  copper  and  tin  mine^ 
much  cardessneas,  which  has  told  materially  upon  uie  effective  powers  of  steam  endues  for  all 
purposes.  While  referring  to  the  results  obtuned  with  the  Cornish  engines,  it  is  important  to 
remark  that,  in  reply  to  a  question  asked  by  one  of  the  Commission,  a  witness  stated  that  the  duty  of 
the  Cornish  en^es  was  **a  little  above  a  million."  This  is  too  high.  Beference  to  the  tables  B.,  Appendix 
C,  D.,  and  £.  m  Appendix,  which  give  the  "  duty  **  of  the  best  Cornish  engines  since  1814,  will  show  d,^ 
that  up  to  a  certain  point  there  was  a  gradual  increase  in  the  number  of  pounds  lifted  one  foot  high 
"hj  tiie  combustion  of  one  bodiel  (94  pounds)  in  the  earliw  tables,  and  of  one  cwt.  (112  pounds)  in 
the  later  ones.  And  that,  after  the  maximum  had  been  obtained,  there  was  a  steady  dewne  in  the 
effective  power  obtained.    But  the  highest  recorded  duty  is  about  98,300,000  in  1857. 

The  position  which  we  have  endeavoured  to  show  as  prevtuling  in  connection  with  the  steam 
endues  of  Cornwall  is  fully  borne  out  by  the  following  letter  from  Mr.  Lean,  who  ox^anised  and  has 
'Carried  out  the  system  of  en^e  repetry. 

«  Sir,  "  Maraaaon,  January  1870. 

"  Permit  me  to  bring  under  your  notice  the  very  serious  dedine  in  the  average  performance 
of  the  Cornish  steam  engines.  You  will  observe  in  tiie  table  inserted  below  that  from  the  period 
when  the  work  performed  by  the  engines  was  commenced  to  be  publicly  reported,  in  1811,  there 


*  C.  W.  Siemeni,  F.It.S.,  pp.  4,  6. 

1 6^  °^  P">°^  Bqtorta  of  the  Koyal  Ctffnvall  Polytoehiue  Society  for  1842  vaA  1648.— Experimenta  fca  aieert«»iag  fbe 

quantity  of  WT  vhieb  eaten      fire  plBcee  of  the  Cornish  engmef,  by  Boliert  Hnat,  then  Seeretaiy  of  the  Bode^. 

t  See  pages  of  evidence,  pp.  52  and  58.  &i  additen  to  tibe  taUe  at  paga  AS,  see  tabki— J^endiz  B— AmviBg  tha  Uj^wat 
dn^  orer  a  long  period  of  yean. 
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BopertB.  yrB»  ft  ooB^nuotu  itu^rovement  up  to  1843,  when  an  average  performanoe  of  67  miUious  of  lbs.,  liilted 
1  foot  high  by  the  consumption  of  1 12  lbs.  of  coal,  was  readied.  Since  1843  there  has  been  an  equally 
continuous  ]-etr(^rade  course,  so  that  at  this  time  the  average  '  duty '  of  the  ermines  heu  fallen  irff  about 
26  per  cent  Or,  to  put  it  in  other  words,  at  this  time  full  mu  quarter  part  niore  coed  it  emuumed  bg 
the  enffines,  on  the  avomge,  Aan  weu  necessary  in  1843  to  do  the  same  work — an  item  of  no  small 
importance,  especially  in  such  a  period  of  depression  as  the  mining  interest  has  been  passing  though. 

*'  Table  of  the  average  'duty  *  performed  by  the  Cornish  engines,  per  112  lbs.  of  coal,  at  the  end  <ii 

each  period  of  5  years,  commencing  with  1811. 


Appendix  F. 
Evidence, 
p.  ^  par.  27 


£vidaie«| 


Ye»T. 

Daty. 

Year. 

Daty. 

Year. 

Dutj-. 

18U 

20*4  mills. 

1835 

56*9  mills. 

1855 

54*8  mills. 

1815 

24-4 

1840 

64*8 

1860 

51*6 

1820 

34-1 

1843 

670 

1865 

50-2 

1825 

38  1 

1845 

66-1 

1870 

51.5 

1830 

51*6 

1850 

61-8 

"Thomas 

Sir  Charles  Lemon*  in  1838  published  a  "table  of  the  duty  performed  by  steam  engines  in  Corn- 
wall from  1815,"  when  the  highest  duty  given  is  26,400,000,  to  1837,  when  it  was  87,212,000, 
and  on  the  occasion  of  some  tipecial  experiments  made  on  Taylor's  engine  in  the  United  Mines, 
Uio  duty  was  got  up  to  about  107,500,OOO.t  But  this  does  not  appear  to  have  ever  been  the 
effeotiTe  working  power  of  any  steam  engine  in  Cornwall.  Several  steam  engines  in  the  waterworks 
of  the  London  companies  have  done  higher  duty  than  this,  as  the  table,  Appendix  F.,  will  show. 

With  rotary  (fly  wheel)  engines,  worked  by  steam  slightly  overheated,  and  with  a  tenfold  expan- 
sion, it  stated  that  on  effective  power  somewhat  above  the  duty  of  the  Cornish  en^ne  has  been 
effected.   The  waterworks  engines  appear  to  give  a  higher  duty. 

We  therefore  find,  that  with  arrangements  acknowledged  to  be  the  most  economical  for  burning 
coal,  so  that  as  little  heat  as  is  possible  shall  be  wasted,  the  highest  practical  result  is  still  below 
one  tenth  of  the  theoretical  duty,  or,  as  a  witness  states  it,  "  under  one  eighth,  without  counting  the 
impurities  of  the  coal,  which  cannot  be  taken  at  less  than  10  per  cent.** 

But  as  even  these  may  be  r^arded  as  exceptionally  good  cases,  it  becomes  certain,  that,  seeing  the 
conditions  under  which  the  majority  of  steam  engines  bare  been  worked,  that  not  more  than  (me 
thirtieth  of  the  whole  theoretical  value  of  the  coal  is  at  present  realized  in  Power. 

Having  thus  before  them  the  duty  wlueh  under  the  most  favourable  combination  of  care  and  skill 
is  obtEuned  from  ordinary  coal,  the  Committee  proceeded  next  to  examine  into  the  duty  actually 
obtained  from  ccal  in  ordmary  maaufactnring  establishments  and  in  its  domestic  use. 


£videDOS, 
p.  1<^  par. 
185. 


Iron  Mavvvagtvse, 

Our  attention  was  directed,  iu  the  first  instance,  to  the  iron  manufacture,  which  consumes  in 
smelting  of  the  ores,  and  in  the  production  of  merchant  iron,  more  than  one  fourth  of  all  the  coal 
raised  in  the  United  Kingdom.^  It  is  certun  that  until  recently  there  has  been  both  an  enormous 
waste  of  fuel  in  the  production  of  heat,  and  a  considerable  waste  of  the  heat  when  produced,  in  all 
furnaces  in  which  it  has  been  necei^sary  to  obtain  an  elevated  temperature.  Therefore  we  had  to 
inquire  if  in  the  extensive  processes  in  operation  iu  the  670  blast  furnaces  which  are  in  action  in 
Great  Britain, — using  not  less  than  fifteen  millions  of  tons  of  coal, — there  appeared  to  be  any 
tendency  to  prevent  this  excessive  waste;  whether,  in  the  several  branches  of  the  manufacture,— 
as  the  making  of  malleable  iron  and  steel, — in  which  an  equal  or  a  larger  quantity  of  coal  is  bnm^ 
any  improved  systems  had  been  introduced  or  <»ntemplated  by  vrhich  economy  of  eoal  had  been,  or 
was  likely  to  be  effected. 

Nearly  all  large  manufactures,  and  especially  those  of  iron,  are  placed  within  or  close  to  our  coal- 
fields. We  have  on  evidence  §  that  some  years  since  small  coal  "  was  treated  almost  entirely  as  a 
**  waste  product,  so  much  so  that  small  coal  could  be  had  in  any  quantity  at  4s.  a  Newcastle  chaldron 
"  of  from  2|  to  3  tons,  delivered  into  barges  on  the  river."  That  which  was  true  of  the  NewcasUe 
district  was  more  or  less  ao  of  all  the  other  lar^  coal  fields  of  the  Kingdom.  Under  those  circimi- 
stftuces  it  cannot  be  considered  surprising  that  we  do  not  discover  that  any  effort  was  made  in  the 
direction  of  economy  in  the  use  of  coaL  **  Things  are  now  entirely  changed  witli  regard  to  the  value 
of  fueL**  The  small  coiU  has,  in  various  ways,  been  utilised,  and  consequently  its  price  has  been 
steadily  increasing  for  several  years.  The  witness  alrendy  quoted  says :  *'  I  may  state  that  eoal 
'*  which  was  formerly  sold  at  4f.  per  chaldron  is  now  sold  at  something  Hke  8<.  a  chaldron,  and  that 
"  the  very  best  Durham  coke,  which  when  we  commenced  our  own  blast  furnaces  to  smelt  the 
"  Cleveland  stone  could  be  bought  at  6*.  Bd.  at  the  pit,  now  fetches  something  like  from  10a.  to 
"  10<.  Gd.  All  this  of  course  has  placed  manufactories  in  a  very  different  position  from  that  of  former 
«  times." 


*  Joomal  of  the  Statistical  Society,  yoI.  1,  p.  67. — "  Statiatien  the  Copper  Mines  of  Cornwall.^*  See  also  reports  on  the  GieokMsr 
of  Cornwall  and  IM  on,  by  Henry  T.  D.  La  Beche,  F.B.S.,  1889. 

t  A  treatise  on  the  Comiah  Fnmpbi|;  Ekigine,  by  William  Pole,  1844,  and  see  Taylor's  BeccM!«Ia  of  Mining  '*  on  tht  duty  of  attam 
an^HUff."   Mr.  Pole  reniariu,  after  giTing  a  taUe  afaoiring  tlw  highM  dntiea  of  the  Coni^  "  Such  ia  the  latattaoeooatve 

"  can  ^ve  of  COTnisb  unproTement  in  t£«  steam  engine,  oat  we  are  by  no  meani  bound  to  b«ieTe  it  will  atop  here,  for  the  Comiah 
*'  enpnecTB  seem  now  as  eonfldent  as  they  have  beat  at  any  period  that  by  a  continiiatioa  of  thdr  persevering  efibrti  and  eanht 
*'  expeiimenta  thay  wiU  yet  be  able  considerably  to  angmait  die  dn^  ot  the  eng^,  and  niae  it  still  Vl^ec  in  the  soaU  of 
"  toooomy."   This  hope  lus  not  been  realized. 

];  For  a  detailed  statement  of  the  qoantitlea  of  eoal  used  in  tiie  iron  mauaftetan,  and  alio  flir  tiw  qaantUiM  contoMd  in  all  otttf 
mannihcmring  Indnatriea,  see  the  report  of  CmDmittee  E. 

§  Isaac  JiOwUiiaii  JUU,  p.  10^  par.  18S< 
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The  great  inoentive  to  economy,  in  all  cases,  is  the  increased  cost  of  the  article  consumed ;  we  mwrtB. 
therefore  find,  as  might  be  naturally  expected,  that  in  places  where  coal  is  cheap  and  abundant,  it  is 
used  with  but  little  regard  to  economy,  and  that  indeed  in  some  localities  the  men  actually  boast 
of  the  quantity  of  coal  which  they  have  contrived  to  burn.  Under  the  drcunutances  which  prevail 
in  most  of  our  iron  produdng  districts,  coal  being  cheap,  there  has  not  been,  until  very  recently, 
much  attention  given  to  economy  in  its  use. 

One  great  cauee  of  saving  fuel  has  been  the  introduction  of  hot  instead  of  cold  air  in  our  blast 
furnaces.  Mushet  gives  us  the  quantity  of  coal  used  in  the  Mnirkirk  blast  furnaces  in  July  1797a 
and  shows  that  for  the  production  of  one  ton  of  iron  liiere  were  used  9  tons  10  owts.  0  qrs.  24  Ibd. 
of  coal,  in  the  Btat«  of  coke  and  parrot  or  cannel  coal ;  at  the  Clyde  iron  works  in  1796  that  8  tona 
11  cwt.  2  qrs.  were  used.  The  coal  for  engines,  in  the  Clyde  works,  upwards  of  four  tons,  for  each 
ton  of  iron,*  that  used  for  the  roasting  of  iron  stone,  and  workmen's  fires,  not  being  included. 
The  same  author  molccs  another  statement,  showing  that  in  1R40  there  was  some  considerable 
attention  to  economy,  "so  that  in  place  of  taking  five  tons  of  coal  to  a  ton  of  iron,  as  was  the  case 
30  years  ago  in  Staffordshire,  it  is  now  produced  for  about  3  or  3^,"  and  in  some  situations  under 
this.  In  South  Wales,  without  the  aid  of  hot  blast,  the  quantity  of  coal  per  ton  of  pig  iron  in 
the  furnace  had  been  reduced  from  4  to  2|  and  2  tons.t  Mushet  furnishes  statements  from  which 
we  are  enabled  to  ccmatruct  the  following  table : 

Cou>  Blabt.         Hot  Blast.         Hot  Blast.         Cold  Blast. 
Coke  lued  per  too   Coke  osed  per  ton   Coal  used  per  ton   Coal  used  per  ton 
of  iron  omde.         of  Iron  iMde.  of  troa.  of  iron. 

Nunea  of  Works.  Tons  Cwt  Qrs.      Tons  Cwt.  Qrs.      Tons  CwL  Qtb,      Tmu  Cwt  Qrs. 


(303  203  1  14  2 

2    0  0  — 

2    3  2  6    7  0 

2    6  1  6    0  0 


^y^^       \  Scotland 
Dundy van ) 

Milton  1 

Milton  i  T)..i,^. 

Alfreton      J  L—  —  230  — 

The  fuel  used  in  1867  in  Cleveland  in  producing  11,560  tons  6  cwt  of  pig  iron  was  as  follows:— 

Tom      Cwt  Qn. 

Coke  ...  16,585  0  0 
Breeze  -         -  -         13       0  0 

Coal     -  -         -  -     2,682     15  2 


19,280     15  2 

This  will  be  about  83  cwt.  1  qr.  to  the  ton  of  pig  iron. 

Dr.  Noade  in  his  article  "  Iron  "  in  "  lire's  Dictionary,"  t  published  in  1860,  has  given  the  foUowii^ 
as  the  qnantitles  of  ooal  nsed  in  the  production  of  a  ton  of  iron  at  the  several  work^  and  for  the  kin£ 
of  iron,  named: 

Cwt 

1.  Dowlais  foundry  iron  -  -  -    60  coal. 

2.  Dowlais  forge  iron  -         •         -         -         -   42  „ 

3.  Dowlais  inferior  forge  iron       -         -  -  -    36  „ 

4.  Hirwiun  foundry  iron      -  -  -         .        .    S4  ci^e, 

5.  Dundyvan  foundry  iron  -  -  -  -  40  ooaL 
C.  Pontypool  C.B.  foundry  iron  -  -  -  34  coke. 
7.  Ebbw  Vale  forge  iron          -             -          -  -    34  coal. 

In  further  confirmation  of  the  importance,  in  point  of  e(»}nomy,  of  the  use  of  hot  blast,  we  may 
quote  the  following  from  Dr.  Percy's  Metallurgy,  as  showing  the  results  obtuned  at  the  Clyde  wotIeb 
in  1829. 


Con  AHD  QOLD  BL&R. 

Con  UD  H«r  Busr. 

Con.  AM1>  Hoc  Bun. 

nan  JmxuUf  7kh  to  AvRnt  19,  im. 

From  JsamiT  fltb  to  Jmn  SO,  18S0. 

Prom  January  Vih  to  June30.1B33. 

ATsnge  weekly  Bukft 
ofPteltoaintfaiM 
iBmsaei. 

Arenuce  consampUon 
of  Coil  per  ton  of  Fig 
lion. 

Aver»Ke  weekly  malw 
of  Fik  Iran  In  three 
nniMes. 

Aience  eonsumption 
(rf  cou  per  ttm  of  Pig 
Jron, 

Avenge  veekly  nutke 
ofP«  Iron  in  four 
FimiMea. 

Arerage  cmiaumptioa 
of  cold  per  ton  of  Pig 
Iron. 

Tons  Cwt  Qn. 

ut  u  a 

Tons  Cwt.  Qn. 
8  11 

Tons  Cwt  Qrs. 
us      t  3 

Ton  Cwt.  Qn. 

B    a  1 

Tods  Owt  Qn. 
H5     0  a 

Tsos  Owt  Qn. 
a    a  ^ 

"  Hence  by  tiie  application  of  the  hot  blast  the  same  amount  of  fuel  reduced  three  times  as  much 
*'  mm,  and  we  same  amount  of  blast  did  twice  as  much  work,  as  preriously.'*  §  The  following 
paragraphs  by  the  same  author  are  to  the  point.  "  During  the  six  months  of  the  year  1833  at  the 
**  Clyde  Iron  Works,  under  the  altered  conditions  (of  using  hot  blast  and  raw  coal),  one  ton  of  pig 


*  MusHXT— pAPiss  OH  Ibon  akd  Stbex.,  ISW^iemiris  on  this :  "  Well  may  wt  say  that  tbe  tiDwa  an  fn  tcqwet  of  the  latttr 
**  item  changed  for  the  better,  seeing  that  now  half  s  toD  of  engine  coal  per  too  of  pifc  iron  is  rei^oned  an  aTerage  qnandty." 
t  Ubs's  DicnoiTABT  ow  Akts,  Mjlkdfactuiibs,  and  Mikbs.   Edited  by  Robert  Hoat,  F.R.S.,  1867. 
i  Usa's  DicnoiURT  or  Arts,  Manupaotdbes,  and  Mink*.   Edited  by  Robert  Uant,  F.K.S.,  1867. 

I  linAXXOBaT,   Inn  and  Steel  By  John  Percy,  MJ>.,  Fja,S.,  1864 ;  who  quotes  from  a         md  by  Dr.  daik  "On  tii$ 
1848S.   TOL.1.  N 
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BeporlB. 


Ab  to  the 
Blast  Fur- 
nace. 
Evidence, 
p.  7,  par.  95. 


Pressure  and 
temperatore 
of  blast. 


I.  Lowthian 
Bell,  evi* 
deac^  pp. 
14,  15,  par. 
219  to  248. 


"  iron  was  made  with  2  tons  5  cwts.,  of  coal  used  raw,  exclusive  of  8  cwts.  required  to  heat  the  blast 
•*  The  actual  consumption  of  coal  therefore  was  2  tons  13^  cwts;  whereas  in  1829  it  was  8  tons 
*'  li  cwt.  per  ton  of  pig  iron." 

Mr.  Truran,  writing  on  the  same  subject,  says :  **  In  no  operation  connected  with  the  mannfactnre 
of  iron  has  there  been  a  greater  reduction  made  m  the  consumption  of  materials  than  in  the  coal 
**  for  smelting.  The  rigid  economy  of  fuel  practised  in  several  Welsh  works  has  resulted  in  a  saving" 
"  of  nearly  two  thirds  of  the  quantity  formerly  considered  necessaiy.  In  1791  the  consumption  of 
"  coal  to  the  ton  of  crude  iron  averaged  6  tons  6  cwt.  In  ]  821  it  had  dimioished  to  4  tons,  and  in 
"  1831  to  2  tone  6  cwt.,  which  is  nearly  the  quantity  consumed  at  the  present  day"*  (1855). 

It  is  therefore  evident  that,  many  years  past,  there  have  been  well  directed  efforts  to  economise  the 
coal  used  in  the  blast  furnaces  of  this  country  ;  besides  this,  more  recently  a  very  large  additional  saving 
has  been  effected  by  collecting  the  gases,  which  escape  at  a  high  temperature  from  the  top  of  the  blast 
furnace,  and  employing  them  under  the  boilers  for  the  production  of  steam  and  for  many  other 
useful  purposes.  This  will  be  noticed  in  a  future  page.  It  will  also  be  found  that  in  the  processes 
of  refining  crude  iron,  in  the  boiling  and  in  the  puddung  processes,  constant  efforts  have  been  made 
and  are  making  to  increase  the  yield  of  iron  and  to  reduce  the  quantity  of  coal  employed. 

In  relation  to  the  Blast  Fttkitacb,  Mr.  W.  Menelans,  the  man^r  of  the  Dowlais  Iron  Worfcaj 
was  the  first  witness  examined.  He  entered  into  the  question  of  the  influence  of  the  size  and  shape' 
of  the  blast  furnace  on  the  economy  of  production,  stating  that,  within  certain  limits,  **  the 
"  larger  the  furnace  the  better  the  work."  He  considered  that  **  furnaces  about  18  or  20  feet  across 
the  boshes,  and  50  feet  high,  seem  best  suited  to  the  materials  of  South  Wales,"  but  in  the  north  of 
England  "  every  increase  in  height  and  capacity  seems  to  be  attended  with  saving  of  faeL**  It 
appears  that  one  of  the  Dowlais  furnaces  for  long  periods  made  "  grey  foundry  iron  NOw  3  **  with 
25  cwt.  of  coal,"  and  frequently  touched  20  cwt.'' 

Referring  to  the  blast,  he  stated  that  the  pressure  of  4  lbs.  to  the  inch  seemed  to  be  the  most 
economical,  although  it  was  admitted  that  satia&ctory  experiments  were  wanting  with  high^  pressuree. 
As  to  the  temperature  of  the  bli^,  the  witness  said,  ''there  can  be  no  doubt  mat  the  higher  the  tern- 
"  perature  is,  the  less  fuel  will  be  used  in  the  furnace.  The  temperature  is  hmited,  however,  by  the 
"  fiict  that  when  very  high  temperatures  are  arrived  at  the  cast-iron  stove  pipes  are  melted,  ajad  this 
seems  to  put  a  practic^  limit  to  increased  economy  until  some  plan  is  devised  for  heating  the  blast 
"  in  chambers  of  fire-resisting  material,  which  will  bear  a  much  higher  temperature  than  cast  iron.*' 

Mr.  I.  Lowthian  Bell  gave  much  valuable  evidence  on  this  point  Beferring  to  the  question  of 
the  size  of  the  blast  furnace  and  its  relation  to  the  economy  of  fuel,  he  stated,  that  in  18f>3  no  blast 
furnace  in  the  north  exceeded  6,000  feet  in  cubic  capacity,  but  that  now  (1869)  "we  have  them 
ranging  in  size  to  35,000  cubic  feet,  or  five  and  a  half  times  larger  than  they  were  five  years  since." 
This  enlargement  is  thought  to  have  produced  an  economy  in  fuel  to  the  extent  of  20  per  cent.  Vfc 
gather  from  Mr.  BelFs  evidence  that  he  believes  the  limits  of  size^  in  relation  to  effective  economy,  to 
have  been  exceeded  in  tke  largest  furnaces, — ^those  having  a  height  of  102  feet.  This  witness  is  led 
-from  his  large  experience  and  careful  observations  to  believe  that  furnaces  of  15,000  feet  capacity 
the  most  economical.    He  supposes  that  the  more  recent  large  furnaces  have  been  nused  to  an 


are 


unnecessary  height.    At  the  same  time  he  believes  that  by  increasing  the  temperature  of  the  blast 
the  results  would  be  materially  affected.    At  present,  with  the  Oleveluid  ironstone,  the  consumption 
of  coke,  in  the  furnace  of  the  northern  counties,  is  about  23  cwt.,  but  it  is  admitted  that  this  quantity 
will  probably  undergo  some,  but  not  a  large  reduction. 
Captain  A.       On  the  same  question  Capt.  A.  Noble  furnished  the  results  of  some  carefully  conducted  experi- 
Koble,  p.  38,  ments  to  which  the  reader  is  especially  referred.    Having  a  furnace  75  feet  in  height,  it  is  stated 
par.  500.       that  about  25  cwt  of  coke  is  consumed  per  ton  of  iron  made.    Capt  Koble  replies  to  a  question  as 
to  the  advantages  of  an  increase  in  he^ht,  that  he  does  not  think  an  increase  in  the  height  of  the 
furnace  would  effect  a  saving  of  more  than  1  cwt.    He  holds  that  tiie  only  advantage  to  he  gained 
by  increased  height  in  the  furnaces,  will  be  that  the  gases  escaping  from  the  contents  of  the  fumabes, 
(waste  gases)  wOl  be  robbed  of  some  of  their  heat,  which  heat  wUl  be  utilized  in  the  upper  portion  of 
the  furnace. 

Utilization  of  Waste  Gases  for  Heating,  Blast,  ^c,  — A  careful  examination  of  the  gaseous 
mixture  produced  by  the  materials,  iron  ore,  limestone,  and  coal,  in  the  blast  fomaoe,  and  escaping 
from  itj  was  made  by  M.  fiunsen  in  1845.1 

The  results  of  his  inquiry  were  as  foUows :  — 

Bt  tlie  oomboftioa  of  100 
cf  die  fiamiae  guw  there  are 
fomented  units  of  beat} 


Nitrogen 

by  woght 

59,552 

0000 

Garbonio  Acid 

if 

12,765 

0000 

Carbonic  Oxide 

» 

26,006 

6 '5067 

Li|^t  Carburetted  Hydrogen 

>t 

1,397 

1*8826 

Hydrogen 

if 

0,078 

2704 

Condensed  Hydrocarbon  (olifient  gas) 

» 

0,108 

1331 

Sulphuretted  Hydrogen 

n 

0,053 

238 

Ammonia 

f> 

0,054 

208 

100,000 

8*8374 

*  Thb  Ibon  MAKijFACTimB  OF  GssxT  BsiTiJif,  by  William  Tnmn,  C.B.,  1855. 
-   t  Report  on  the  gases  eroWed  ftnm  iion  fiuiuwea,  iritli  Kference  to  the  thfory  of  tbe  smettbg  of  Iron  by  ftuuea  aoimi^f&ir:— 
B^oit  of  BrttUi  AMoeiatioD,  184S,  pege  149,  Cambridge. 

%  These  xenitta  are  finudea  on  tfie  data  on  Ow  heat  «roonbaftion  givea  1^  Dnloog  in  liis  poetbnnioas  pafot.  . 
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.  The  unit  must  be  imderstood  to  mean  the  amount  of  heat  necessary  to  raise  1  kilogramme  =:  Vetotta. 
■2,204  lbs.  =  15,432  grains  of  water  from  0  centigrade  to  1°  centifi:rade.  * 

We  have  it  in  the  evidence  of  Capt.  Noble,  that  in  the  production  of  50  tons  of  pig  iron  and  90  tons  Evidence, 
(tf  dag  from  the  blast  furnace,  of  57  tons  of  coke  used,  alwut  two  tons  entered  into  combination  with  p>  S8,  par. 
the  iron,  and  that  the  remaining  55  tons  passed  out  of  the  mouth  of  the  furnace  in  the  state  of  ^88. 
carbonic  oxide  and  carbonic  acid  (16  tons  of  carbon  forming  about  60  tons  of  carbonic  acid  and 
«bout  90  tons  of  carbonic  oxide),  mixed  with  about  250  tons  of  nitrogen  derived  from  the  325  tons 
<^  atmospheric  air,  which  had  been  blown,  heated  to  nearly  1000°  Fahrenheit,  into  the  furnace. 

The  16  tons  of  carbon  (coke)  which  are  burnt  to  carbonic  acid  give  rise  to  about  519]680,000,  and 
the  39  tons  burnt  to  carbonic  oxide  give  rise  to  about  384!,384,(K)0,  British  units  of  heat  The  heated 
Mr  blown  into  the  furnace  would  give,  to  be  added  to  the  foregoing,  160,000,000  units  of  hea^ 
=  1,064,064,000  units  of  heat.  The  reduction  of  the  68  tons  of  iron  ore  to  the  metallio  state  uses 
353,222,000  units  of  this  heat.  The,  50  tons  of  pig  iron  produced,  h  calculated  to  absorb  about 
66^000,000  units  of  heat,  while  the  90  tons  of  sl^  employ  199,800,000  units.  The  waste  gases 
esci^inng  absorb  about  320,000,000  units  of  heat.  Thus  we  account  for  above  938  millions  of  the  units 
of  heat  produced,  leaving  about  10  per  cent  of  the  heat  unaccounted  for,  which  we  may  consider  to  be 
lost  by  the  imperfections  of  our  arrangements.  We  have  here  the  striking  fact  that  nearly  two  thirds 
Iff  the  total  quaniiy  of  heat  produced  in  the  blast  furnace  escapes  from  the  mouth  of  the  furnace.  To 
what  extent  this  heat  can  be  utilized  is  a  very  important  problem,  which  has  been  to  a  some 
extent  answered.  Mr.  James  Palmer  Budd,  of  the  Ystolyfera  Iron  Works  near  Swansea,  at  a  meeting 
of  the  British  Asso<nation  in  that  town  in  1848,  read  a  paper  "  On  the  advantageoug  use  made  of  the 
giueous  escape  Jrorn  the  blast  Jumaees  at  the  Ystalyfera  Iron  Wbrks^  which  was  ordered  to  be  printed 
entire  in  the  report  f 

Looking  to  the  enormous  quantity  of  cold  air  which  was  driven  through  the  furnace  to  produce  a 
temperature  sufficiently  high  to  smelt  the  ore,  the  advantages  of  heating  that  air,  employed  to 

auicken  the  combustion  of  the  fuel  in  the  blast  furnace,  and  consequently  of  saving  and  utilisng 
lie  heat  which  was  required  to  bring  up  the  temperature  of  the  blast  to  that  of  the  furnace,  became 
obvious,  and  in  1828  Mr.  James  Beaumont  Neilson  of  Gla^ow  suggested  the  nse  of  th^  hot  blast 
in  smelting  iron,  which,  as  we  have  already  stated,  effected  a  large  8aving4 

The  first  idea,  therefore,  for  utilizing  the  heat  of  the  gases  and  vapours  escaping  from  the  funnel 
head  of  the  blast  furnace,  was  to  conduct  this  hot  air  trough  the  hot-air  stove,  and  use  it  instead 
of  coal  for  heating  the  air  which  was  to  be  blown  into  the  furnace.  Mr.  J.  Palmer  Budd  states 
that  the  three  stoves  employed  to  heat  the  blast  for  the  anthracite  furnaces  at  Ystalyfera  consumed 
'35  tons  of  coal  a  week,  and  required  the  attendance  of  two  men.  He  constructed  his  stoves  so  that 
a  portion  of  the  hot  gaseous  escape  from  the  top  of  the  furnace  was  drawn  through  them,  this  being 
about  "  one  sixth  of  the  quantity  passing  off  the  funnel  head."  These  gases  entered  the  stove  with 
a  temperature  of  about  1,800°  Fahrenheit,  and  leave  it  at  about  800^.  The  temperature  required 
for  the  blast  b^ng  only  600°,  the  passage  of  the  heated  gases  alone,  without  an  access  of  air  supplied, 
more  than  the  heat  reqiared,— the  gases,  it  must  be  remraibered,  escaping  at  such  a  temperature, 
that  if  air  was  admitted  to  them  they  would  at  once  burst  into  combustion, — and  thus  form  another 
.source  of  heat  which  has  been  utilized  in  many  of  our  iron  works  in  raising  steam. 

We  have  it  in  evidence,  that  the  higher  the  temperature  of  the  blast  the  less  fuel  will  be  required  Evidaice, 
in  the  Inxnace,  and  that  although,  whwe  coke  is  used,  there  may  be  less  of  the  heated  gases  eecapii^  p.  8,  par.  96. 
"  that  in  evwy  case  the  waste  gases  from  the  Uast  furnace  would  be  found  suflEiGient  to  heat  ^e 
*'  blast,  and  produce  all  the  steam  required  for  the  blast  famaoes,**  and  that  in  addition  they  might 
be  used  to  "  calcine  the  native  mineral." 

Notwithstanding  the  various  arrangements  which  have  been  made  to  employ  the  heat  of  the  Evidence, 
waste  gases,  "  we  all  allow  the  gases  to  escape  at  too  high  a  temperature,"  is  the  remark  of  anotho:  p.  14,  par. 
mtness.    Here,  therefore,  is  a  matter  which  still  donands  the  attention  equally  of  the  man  of  sci^oe  225. 
and  experience. 

There  is  one  point,  however,  to  which  attention  was  drawn  by  Sir  William  Armstrong  during  the 
examination  of  Capt.  Koble,  which  appears  to  briDg,lhe  question  of  hot  and  cold  Uasts  within  a  much 
more  limited  compass  than  it  has  nsuidly  been  supposed  to  occupy. 

By  increasing  the  temperature  of  the  blast  from  60°  to  1,000°,  7  cwt.  of  coke  is  saved  in  the  Svjdence 
furnace.    Consequently,  as  it  respects  the  question  of  economy  of  fuel,  and  that  on/y,  we  have  to  p.  41^  par. 
consider  the  cost,  in  every  particular,  of  heating  the  blast    Probably  the  r^enerative  process,  using  548,  549. 
_  the  heat  of  the  waste  gases,  may  place  this  consideration  entirely  beyond  the  position  alluded  to. 

The  result  of  the  experience  of  many  years  has  been  that  a  few  only  of  our  bla8t  furnaces  ^Low 
Moor.  Bowling,  and  a  few  others,)  continue  to  use  cold  air  for  blast.  The  appUcation  of  hot  air  for 
blast  has  greatiy  reduced  the  ccmsumption  of  coal.  The  adoption  in  nearly  all  new  furnaces  of  the 
arrangements  fw  nring  the  "waste  gases,"  and  the  adaptation  of  a  conaderable  number  of  old  ones  to 
the  conditions  necessary  for  utilinng  the  heat  frcHn  this  source,  has  again  been  a  source  of  an 
additional  economy. 

-    All  the  eridence  collected  from  the  witnesses  examined, — ^the  communications  received  from  and  Carespon- 
interviews  held  with  iron  masters, — go  to  prove,  that  in  one  way  and  another  a  saving  of  not  less  than  denoe,  p.  26, 
20  per  cent  has  been  effected  in  the  smelting     iron  during  the  last  ten  years,  and  all  the  indications  Hr.  Hy.  J. 
ne>  that  yet  increased  economy  will  be  effected  in  the  future.  Martin,  &c. 

*  In  the  fiirnaee  vhich  wu  fbit  sabject  of  experiment  bj  Bon  sen  and  Playftlr,  not  leal  than  81-54  per  cent  of  the  fbel  ms  lut 
In  the  shape  of  combiutible  matter  fit  for  nae. 

t  Beport  of  the  Eighteenth  Meeting  of  the  BritUh  Ajsodation  for  the  adnneement  of  Science,  held  at  Bwuim  In 
.  AngoBt  1848. 

I  The  hot  blast  patent  of  Mr.  Jamca  Beaammit  NeilaMi,  manager  of  the  gaa  vorks  at  Olai^iow,  \na  entitled,  "  Improred  .^i^ica- 
fion  of  Air  to  prodnce  Heat  in  Fires,  Fotgea,  sad  XWnacea  where  Bdhnra  or  other  Bloiriu  Appantos  are  Teqidrrd.'*--A.D.  ISttt 
Ho.  6701  i  esroUed  March  3rd.  .  i-r-  -1 
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SepoiiB. 

p.  8^  par.  95. 


See  Appen- 
dix G. 


Correspon- 
dence, 
Evidence, 
par.  Al. 

?.  6S,  par. 
SO. 


Evidence, 
p.  40,  pars. 
680-668. 


Evidence, 
p.  8,  pars. 
96,97. 


Evidence, 
p.  8,  par.  97. 


Evidence, 
p.  2. 

Evidence 
p.  3,  par.  3. 


In  the  evidence  of  Mr.  Menelaus  it  ia  stated  that  it  is  extremely  desirable  to  inoreaee  the  tempe- 
rature  of  the  blast  beyond  that  which  can  be  obtained  with  cast  iron  stove  pipea,  md  that  any 
practical  scheme  for  freeing  the  blast  entirely  from  dust  woidd  be  a  great  improTement 

An  attempt  to  arrive  at  this  desired  end,  which  appears  to  have  been  to  a  great  extent  raoceesfnlt 
has  been  recently  made  by  Mr.  Thomas  Whitwell  of  the  Thomaby  Iron  Worla,  Clevehmd,  who  bat 
introduced  at  his  own  works  and  at  Consett  the  "  patent  fire  brick  stoves/'  Judging  from  the  infor- 
mation Hfumished  by  Mr.  Whitwell  to  the  Committee,  a  large  economy  has  been  effected  by 
these  stoves,  the  arrangements  of  which  are  such  that  the  dust  which  aconmolates  can  ni^y  be 
removed. 

Mr.  E.  A.  Gowper,  in  a  commnnication,  and  subsequentiy  in  evidence  given  befive  us,  drew 

attention  to  some  hot-blast  furnaces  on  the  regenerative  system  which  are  the  subject  of  a  patent 
and  which  have  been  in  use  at  a  few  iron  works  for  some  years.  It  is  stated  by  Mr.  Gowper,  and 
this  statement  is  confirmed  by  Mr.  Codbrane,  that  a  temperature  is  produced  in  these  stoves  of 
1,150°  Fahrenheit,  and  that  a  saving  equal  to  5  per  cent,  m  the  furnace  is  produced.  There  have 
been  some  other  plans  proposed  for  heating  the  blsst  with  economy,  but  the  regenerative  system 
appears  to  be  that  which  must  be  the  most  economicaL  At  the  same  time  there  is  clearly  some 
rub:,  that  in  drawing  off  the  gases  from  the  funnel  head  too  rapidly,  we  may  increase  the  quantity 
of  fuel  required  for  the  smelting  of  the  iron  in  the  blast  furnaces.  Sir  William  Armstronj^ 
Captain  Noble,  and  Dr.  Fairburn  cautiously  point  to  the  necessity  of  attending  to  the  preserratioiL 
of  the  balance  of  action. 

The  following  results  obtained  at  Qlawitz  in  Silesia,  and  communicated  to  the  Committee,  are  of 
interest,  as  showing  that  similar  economical  results  follow  the  application  of  the  principles  we  have 
been  examining  on  the  continent   2  Blast  furnaces. 


Cold  blast. 

1.  Boil«rs  for  blast  engines  fired  with  coal,  annoai  cost 

2.  Ditto  fired  ^mth  waste  gas  - 

Blast  heated  to  312  j>EaBEE8. 


-  ^3,350 

-  £1,B00 


3.  Boilers  and  stoves  fired  with  coal    -         -         -  - 

4.  Ditto  with  gas       -  -         ■  - 

The  dail^  volume  of  blast  in  either  case  is  20,368,000  eubie  feet,  the  cost  per  milUon  cubic  ftet 
herefore  is  m  the  different  cases— 


-  ,^4,800 

-  .ie3,690 


1  - 
2 

3  . 
4 


s. 
9 
4 
13 
10 


2 
11 
0 
0 


Ji^ilh  and  Forges^  Fumaeeti  ^i:.— Mr.  Menelaus  in  his  evidence  informs  us  that  at  Dowlais  4  cwt. 
of  large  and  13  cwt  smaU  coal  is  used  ia  producing  a  ton  of  puddled  bars,  and  that  a  farther  quantity 
of  3  cwt.  of  coal  is  used  to  produce  steam  for  hammering  and  rolling  the  puddled  iron,  wthougn 
the  fumaee  gases  have  been  carried  to  the  forges  in  some  eases ;  the  aven^  quantity  of  coal  need 
to  produce  a  ton  of  puddled  bar  in  South  Wales  being  from  17  cwt  to  20  cwt.  This  witness 
considers  that  as  the  heated  gases  leave  the  puddling  and  balling  furnaces  at  nearly  the  temperature 
of  melting  iron,  the  waste  heat  of  the  jpuddling  and  mill  furnaces  "  is  amply  sufficient  to  produce 

all  the  steam  required,  and  no  coal  is  therefore  necessary  to  produce  steam  in  forges  and  miils." 
"  For  the  production  of  steam  in  forges  and  mills  in  South  Wales  then  is  used  over  a  guariar  of  a 
"  million  of  ions  ^  tool  yewi^  which  might  all  be  saved.'* 

By  the  ap[dication  of  the  ran  blast  the  iron  master  has  been  enabled  to  use  small  coal  almost 
entirely.  Formerly  the  coal  was  hand  picked,  and  no  small  was  used ;  now  the  "  through  and  through  "* 
coal  is  employed,  thus  utilizing  fuel  which  was  formerly  lost.  The  actual  results  at  which  we  liave 
arrived  a{^tear  to  be,  that  for  every  100  degrees  of  increased  temperature  ^ven  to  the  blast,  for  the 
iron  famaoe,  we  save  1  cwt.  of  coal ;  that  by  using  the  heated  gases  escaping ;  we  may  save  all  the 
ooal  necessary  for  heating  the  blast,  and  have  some  reridnary  heat  for  raising  steam ;  tiist  the  waste 
heat  of  pudding  and  balling  furnaces  may  be  in  like  manner  utilized  with  great  economy. 

Advancing  from  the  utilization  of  the  gases  and  the  heat  produced  in  the  furnaces,  we  arrive  at  an 
application  of  the  regenerative  system,  which  appears  to  have  been  first  attempted  by  the  Iter.  Dr. 
Stirling  in  1817,  and  subsequently  by  Mr.  Ericson  in  his  caloric  engine. 

The  first  witness  examined  before  tiiis  Committee  was  Mr.  C.  William  Semens,— whose  name  is 
most  honorably  associated  with  the  application  of  this  principle  in  the  form  of  the  regenerative  gas 
fumaee.  The  principles  involved  are  well  described  in  the  evidence  given.  Essentially  the  coal 
employed  is  converted  into  its  gaseous  constituents,  consisting  ''for  the  most  part  of  carbonic  oxide 
"  mixed  with  light  oarburetted  hydrogen  and  some  pnre  hydrogen,  and  these  combustible  gases  are 
"  mixed  with  nearly  60  per  cent  <tf  nitrc^n,  and  with  vapours  of  water.*'  This  gaseous  ana  vapoat 
mixture  passes  into  the  "  regenerating  champs"  (which  are  arrangements  of  fire  bricks  which  nave 
been  already  heated  to  1000  degrees  by  the  escape  of  the  hot  products  of  combustion  from  the 
furnace  itself),  and  they  thus  arrive  at  a  high  temperature  before  entering  into  combustion,  so  that 
at  once  a  flune  of  great  int«Dsity  results.  In  proof  of  the  advantages  of  tma  system  for  steel  melting, 
Mr.  Semens  states  the  |nraotical  result  to  be,  *'  that  12  cwt  of  owl  suffices  to  melt  a  ton  of  sted. 
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'*-whereaB  in  the  ordinary  furnace  at  Sheffield  about  3  tons  of  Durham  cokie  ere  necessary  to  BcpoiiB. 

accomplish  the  same  end."  This  is  to  a  great  extent  confirmed  by  the  report  given  by  the  Monk- 
bridge  Iron  Company,  Leeds, — by  VicVers,  Sons,  and  Co.  (LimitedV  River  Iron  Works,  Sheffield,  Ai^wndixH. 
and  others.  A  letter  from  Vickers,  Sons,  &  Co.  will  be  found  in  tne  Appendix,  which  is  foUowed 
by  a  list  showing  the  inci-ease  in  the  number  of  Siemens's  furnaces  for  iron  and  steel  mimufacture*  -Appendix  L 
glass  making,  smelting  metal?,  &&,  from  1862  to  1870.  From  this  list,  and  the  following  summary, 
we  Bce  that  there  was  a  Tery  lirge  increase  between  those  years,  showing,  convincingly,  that  the 
economy  of  those  ftirnaccs  is  appreciated. 


1862. 

1870. 

14 

Keiieatiug  and  puddling  funuicea     -  - 

4U 

17 

Steel  furnaces         -         -  - 

112 

7 

Plate  glass  .... 

36 

12 

Window  and  bottle  glass 

38 

U 

Flint  glass          -          -          -  - 

44 

Muffles  

37 

3 

Gold,  siivei',  and  other  metals 

93 

8 

Gas  works  .... 

46 

Mint       -      -        -         -         _  . 

50 

Appendix  I. 


Upon  the  advantages  of  the  regenerative  system,  we  find  Sir  WUliatn  Armstrong  saying,  at  the 
British  Association,  in  1865,  "The  regenerative  furnace  arrests  a  Uu^e  portion  of  the  fugitive  heat, 
"  and  adds  it  to  the  gaseous  fuel  which  supports  the  combustion  of  the  furnace  *  *  *  *  The 
"  regenerative  gas  furnace  not  only  prevents  waste  of  fuel,  but  it  also  prevents  smoke." 

We  have,  in  commencing  this  report,  referred  to  the  theoretical  value  of  coal  as  a  producer  of 
heat  force.    Thu  question  was  especially  the  subject  of  inquiry  in  the  examination  of  Mx.  Siemens.  Kvideace 
The  inventor  says,  "  I  believe  that  virtually  there  is  a  perfect  combustion  in  the  gas  furnace,  unless  pp.  6,  7, ' 
"  it  is  mismanaged.'^    That  is,  this  furnace  secures  a  complete  conversion  of  the  carbonic  oxide  iato  pars,  73  to 
carbonic  acid,  and  the  r^enerator  absorbs  from,  and  again  gives  out,  to  the  products  of  combustion  80. 
the  highest  practical  quantity  of  heat.    There  is  a  loss  of  heat  in  the  gas  iiroducer,  and  a  loss  also  in  Evidence, 
the  regenerative  gas  furnace,  but  still  for  all  purposes  there  appears  to  be  a  saving  of  fiiel,  which  p.  7,  par.  78. 
amounts  in  many  cases  to  nearly  50  per  cent.    The  cost,  however,  of  erecting  the  r^enerative  gas  Evidence, 
furnace  is  rather  more  than  double  that  of  the  ordinary  furnaces.  p.  7,  pai-.  M. 

We  have  the  evidence  of  Mr.  Menelau?,  that  iu  puddling  furnaces  the  present  plan  of  burning  fuel  Evidence 
"  is  very  barbarous  indeed,"  and  that  great  advantages  are  to  be  expected  from  the  adoption  of  pp,  ' 
Stemena  plan  for  puddling.  "  Vou  would  get  a  more  p^ect  combustion  m  the  furnace,  and  you  would  pars.  98  to 
"  regen^ale  nearly  the  whole  of  the  heat  which  you  now  send  np  the  chimney    but  this  witness  112. 
thinks  if  the  waste  heat  of  those  furnaces  is  utilized  by  applying  it  to  the  production  of  steam,  that 
there  is  not  really  so  large  an  economy  as  that  which  is  claimed  for  the  regenerative  system,  as 
compared  with  puddling  and  reheating  iurnaces,-^tlie  waste  heat  from  which  has  been  utilized. 

In  the  first  vines,  we  have  tlie  combustion  of  the  coal  carried  forward  in  immediate  contact  with 
the  metal,  and  the  gases  produced  are  allowed  to  pass  off  at  such  a  temperature  that  imm^iately 
they  come  in  contact  with  the  oxygen  of  the  atmosphere,  as  at  the  top  of  the  chimney^  they  burst 
into  flame,  and  all  this  heat  is  lost  In  the  second  condition,  the  gases  escaping  from  the  fitmace 
are  caught  at  their  vcr^  high  temperature,  and  used  iu  producing  steun  ;  while  in  the  third  plan 
the  co^  is  converted  into  gas  and  vapour  as  in  the  first  operation  ;  it  is  united  with  the  required 
quantity  of  atmosjiherio  air  to  secure  perfect  combustion  in  the  furnace,  and  the  heat  produoed  in 
pasfflng  through  the  regenerator  is  retained  for  future  work,  except  Haat  when  the  [unduots  of  com- 
bustion reach  the  chimney  they  have  a  temperature  of  200  degrees  above  the  atmosphere. 

It  must  be  remembered,  that  of  the  6,243  puddling  furnaces  at  work  in  1869  a  very  small  number  Appendix  K. 
of  them  had  adopted  any  arrangement  for  utilizing  the  waste  heat,  consequently  even  at  the  lowest 
estimate  the  loss  of  heat  must  be  enormous.  The  tendency,  however,  to  utilize  this  heat  iu  many 
of  our  largest  and  best  conducted  establishments  (as,  for  example,  at  Dowhua,  where  tJie  waste  heat 
of  the  puddling  furnaces  u  used  for  nusing  steam  for  the  Bessemer  converters,)  is  such  that  we  may 
safely  predicate  that  within  a  few  years  the  arr^gements  for  utilisdng  the  heat  produced  in  the 
furnaces  will  be  ratlier  the  rule  than  the  exception. 

In  the  second  examination  of  Mr,  Siemeus  he  drew  the  attention  of  the  Committee  to  a  yet 
further  economy  in  the  use  of  his  system  in  the  improvement  of  the  metal,  and  in  an  increase  of  12 
per  cent,  in  the  quantity  obtained.  This  increase  bdng  derived  from  the  oxide  of  ircm  used  in 
*'  fettling  "  (lining)  the  puddling  furnace. 

In  immediate  connection  with  this  subject  we  must  notice  the  furnace  designed  for  burning  coal  in  a  Erideace 
state  of  fine  powder,  which  has  been  introduced  by  Mr.  T.  Bussel  Crampton,  who  was  examined  before  p,  27 
this  Committee.  For  some  time  one  of  those  furnaces  has  been  in  action  at  Woolwich,  and  recentiy 
one  has  been  worked,  in  immediate  connection  with  three  other  reheating  furnaces,  at  the  Bowlii^ 
Ironworks,  Bradford,  Yorkshure.  At  those  works  the  furnace  was  examined  in  action  by  the 
Chairman  of  this  Committee,  and  some  of  the  experimental  trials  with  this  furnace  were  seen  by 
other  members  of  the  Commission.  There  has  not  been  a  sufficient  length  of  time  since  any  of  Mr. 
Crampton's  furnaces  have  been  in  practical  use  to  determine  its  real  value.  The  results,  how- 
ever, have  been  suffidently  satisfactory  to  enable  us  to  see  that  a  perfect  combustion  is  effected, 
tiiat  the  heat  obtained  is  under  control,  and  that  there  is  an  absence  of  smoke.  We  learn  that,  in 
addition  to  the  furnaces  named,  several  others  are  in  process  of  bailding,  bo  that  the .  economic 
value  of  the  principle  ynW  be  determined  within  a  short  period.   The  advantages  churned  by 
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B^wrtB. 

Eridenee, 
pp.  27,  28, 
pars.  830  to 
36a 


Eridenee, 
p.  31.  par. 
331,  &c. 

Appendix  L. 


Evidence, 
p.  60,  par. 
844. 


Evidence, 
p.  60,  par. 
847. 

Evidence, 
p.  62,  pars. 
870  to  888. 


Mr.  Orompton  are,  let,  the  utilisation  of  the  Bmall  coal ;  2nd,  economy  iu  OQUStruotion  of  fumaoe;- 
3rd,  the  pmeot  combustion  of  tlie  fuel ;  and  4th,  the  oontrolibility  of  the  heat. 

Although  the  small  coal  ie  now  utilized  in  various  ways,  which  were  formerly  disregarded,  still 
there  is  conuderable  value  in  any  new  process  by  which  it  can  be  still  further  employed.  The  report 
of  Committee  E  will  show  how  large  a  quantity  of  small  coal  is  produced  in  the  country.  The  coet 
of  reducing  the  small  coal  to  a  state  of  fine  powder  as  required  for  Mr.  Crampton's  fnmaoe, — eifting 
appearing  to  be  necessary  to  secure  good  results, — is  an  item  of  some  importance. 

In  addition  to  the  cost  of  constructing  the  furnace,  there  is  the  cost  of  the  gearing,  and  of  the 
arrangements  necessary  for  blowing  the  powdered  coal,  in  regulated  streams,  into  the  furnace,  upon 
which  the  perfect  combustion  ot  tiie  fuel  depends.  But  with  every  allowance  in  respect  to 
those  mattere,  it  does  appear  that  Mr.  Crampton's  mode  of  burning  cc»l  promise  to  reaJize  a  great 
economy.  The  evidence  deals  fully  with  the  principles  involved ;  it  is  not  necessary  therefore  to 
repeat  them  here. 

The  economical  value  of  the  Bessemer  process  for  the  production  of  steel  necessarily  claimed 
attention.  Mr.  Henry  Bessemer  was  before  the  Committee,  and  from  the  evidence  ^ven  by  that 
gentleman  it  appears  that  not  less  than  150,000  tons  of  eteel  are  made  by  his  process  within  the 
year*  which  will  represent  a  saving  in  fuel  of  above  half  a  million  tons  of  coal.  This  is  not  the  place 
to  dwell  on  the  value  of  the  Bessemer  process  as  a  means  for  the  production  of  steel  of  high  value, 
with  considerable  economy.  Still,  when  we  find  that  steel  rails  can  be  substituted  for  iron  rails,  and 
that  eleven  iron  rails  have  been  worn  out  on  both  faces  in  a  fair  experimental  trial,  whereas  the  steel 
rail  was  still  wearing  upon  the  ^st  face,  thus  actually  saving  23  iron  rails,  involving  the  saving  of 
tlie  coal  which  would  be  used  in  the  production  of  that  quantity  of  puddled  iron,  the  consideration 
cannot  be  neglected.  There  are  other  instances,  for  which  we  refer  to  the  evidence,  in  which  the 
Bessemer  steel  is  made  with  advantage  to  take  the  place  of  iron,  and,  as  in  the  case  of  the  rails,  to 
effect  a  saving  of  coal  in  manufiicture.  The  production  of  very  lii^  temperatures  by  means  of  a  ton- 
dentation  of  the  gaseous  products  of  combustion  within  the  furnace  was  referred  to.  The  experiments 
which  have  been  made  appear  to  promise  well,  but  at  present  the  results  obtained  have  been  those  of 
comparatively  email  experiments  only. 


Svidence, 
pp.  68,  70. 


Evidence, 
p.  69,  par. 
997. 


Smelting  op  Metals  other  than  Ieon. 

Turning  to  the  other  metailui^cal  works  of  this  country,  we  discover  evidences  of  economy  in 
production,  though  not  to  the  same  extent  as  ie  diown  in  the  manufacture  of  iron. 

In  the  smelting  of  tin,  one  advance  was  made  many  years  since  by  snbstitnting  for  the  old  fashioned 
hlowatff  haute  or  blast  furnace  the  modem  reverberatory  furnace.  We  find  that  about  twenty  year^ 
years  since  3^  tons  of  coal  were  consumed  in  producing  two  tons  of  white  tin.  At  the  present  time  one 
ton  of  coal  is  equal  to  the  production  of  a  ton  of  metallic  tin. 

In  copper  smelting  we  find  that  when  M.M.  Dnfrenoy  and  EHe  de  Beaumont  visited  Wales  in 
1822,  20  tons  of  cod  were  used  in  producing  one  ton  of  fine  copper  from  ores  vieldiDg  8}  per  cent 
of  copper.  I^.  Percy  informs  us  (1859),  that  "from  13  to  18  tons  of  coal,  which  now  costs  5«.  a  ton, 
are  required  to  make  one  ton  of  copper,  and  about  half  of  this  quantity  is  consumed  in  the  first  and 
second  operation  of  calcining  and  melting.  A  mixture  of  three  parts  by  weight  of  free  burning  and 
cme  <^  binding  coal  is  employed.^'t 

Again,  the  same  autliority  writes, "  for  every  ton  of  copper  made  from  a  mixture  of  ores  yielding 
10  per  cent.  &f  copper  18  tons  of  coal "  are  eonaomed. 

We  have  the  valuable  evidence  of  Mr.  H.  Hnssey  Vivian,  a  member  of  the  Commission,  to  guide 
us  in  our  consideration  of  the  economy  effected  in  this  special  metallurgy.  From  this  we  learn  that 
the  average  consumption  of  coal,  taken  ovex  85  weeks  in  the  four  years  before  1856,  was  24  tone  6 
cwt  per  week  per  fumnce,  whereas  the  present  consumption  (1869)  is  but  18  tons  7  cwt.  2  quartersper 
furnace  per  week,  showing  thus  a  saving  of  six  tons  nearly  upon  each  furnace  eveir  week.  This 
economy  was  referred  to  the  improved  construction  of  the  grate ;  the  more  recent  grate  having  a  much 
less  depth  than  the  old  one.  The  evidence  pvcs  very  fully  the  structure  of  the  grate  to  which  this 
economy  is  doe,  and  to  it  we  therefore  refer  the  reader.  The  improved  result  is  due  evidently  to  the 
fact  that  the  coal  is  more  completely  exposed  to  the  action  of  the  air,  and  therefore  undergoes  more 
perfect  combustion  in  the  shallower  than  in  the  deeper  furnace. 

The  arrangement  of  these  copper  furnaces  are  proved, — according  to  the  evidence  of  Mr.  Vivian,  who 
has  had  many  years  experience  withthen^—to  be  as  satisfactory  as  any  of  the  regenerative  gas  furnaces, 
snd  far  less  costly.  **  My  impression  i?,"  we  quote  Mr.  Vivian's  words,  "  that  if  the  system  adopted  for 
"  firing  copper  furnaces  were  adopted  in  all  cases  of  reverberatory  furnaces  a  very  considerable  saving 
"  of  coal  would  be  effected."  In  addition  to  this  economy  in  smelting  the  copper  ore,  the  introduction 
at  the  works  of  Messrs.  Vivian  &  Son  of  the  Gerstenhoffer  furnace^  for  roasting  the  copper  ore  (cq>per 
pyrites)  saves  "nearly  the  whole  of  the  coal  ori^nidly  used  in  calcining  the  ore.**  In  tnis  arrangement 
the  combustion  of  the  sulphur  of  the  bi-sulphide  of  copper  is  maintained  by  allowing  the  ore  in  a 
state  of  fine  division  to  fall  in  a  continuous  shower  through  the  heated  furnace.  For  18  months  a 
Gerstenhoffer  furnace  has  been  constantly  maintained  in  action  without  interruption.  The  quantity 
of  cold  ns^  in  calcining  was  not  large,  but  by  this  arrangement  it  is  saved,  and  a  great  quantity  of 
sulphuric  add  obtained. 


•  See  Mineral  Stadsdcs  of  the  TJnited  Kingdmn  for  1869,  by  Robert  Hant,  F.B.S. 

iMetaUargy :  Lead  and  Copper,  by  John  Penjy,  M3.,  F.R.S.   Vol  1,  p.  557. 
For  B  dttcrijNimi  of  die  umtenliOffer  farnacc^  He  1Tre*i  IMctionai^  of  Arti,  ^malkotareB  aod  Minei,  edited  "bj  Sobert 
Knot,  F.B.8.,  1807. 
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In  the  metallurgy  of  lead  and  in  the  digilverizing  of  lead,  there  have  been  aome  improvementB,  BqwtB. 
leading  necessarily  to  the  saving  of  some  ftiel,  yet  within  the  present  century  this  does  not  appear  to 
have  been  lai^e,  notwithstanding  the  general  adoption  of  the  process  of  Hugh  Lee  Pattinson  for 
desilverizing  lead.  At  this  time  about  a  ton  and  half  of  co.iI  appears  to  be  used  in  the  smelting  and 
deailveTinng  of  a  ton  of  lead.  Many  experiments,  and  some  of  them  appeared  at  first  to  be  of  a 
promising  character,  have  been  made  to  simfdify  the  troublesome  and  expensive  arrangements  which 
are  now  employed  for  the  production  of  metallic  zinc,  which  are  essentially  dependent  upon  a  carefully 
conducted  proceas  of  distillation. 

Attempts  have  been  made  to  reduce  the  ores  of  zinc  In  an  atmosphere  of  carbonic  oxide  produced 
in  a  blast  furnace.  It  has  been  done,  but  the  difficulties  and  consequent  uncertainties  surrounding 
the  operation  has  led,  at  all  events  for  the  preeent,  to  the  abandonment  of  all  exp^iinents  in  this 
(firection. 

Large  economies  have  been  realized  by  attention  to  the  operations  of  smelting  zinc  with  the  Evidence^ 
Siiesian  and  the  Belgian  furnace.    Mr.  Vivian  informs  the  Committee  that  27  years  since  30  tons  of  p-  70,  par. 
coal  were  umd  in  smelting  blende  (sulphide  of  zinc),  and  producing  a  toa  of  metallic  zina    Of  this  lOOd. 
ten  tons  were  used  for  calcining  the  ore.    The  Silesian  furnace  now  uses  10  tons  of  coal  per  ton  of 
ztno,  BoA  the  Bel^n  furnace  does  not  use  more  than  six  tons  j)er  ton  of  zino,  if  the  ore  be 
moderately  rich.  Evidence. 

The  application  of  the  regenerating  gas  furnace  promises  yet  further  economy.    The  committee  p.  38,  par. 
are  told  that  at  one  firm  usin^  the  Silesian  furnaces  and  the  Siemens*  arrangement  a  saving  of  40  per  472. 
cent,  has  been  practically  realized.    Beyond  this,  the  number  of  retorts  which  can  be  placed  in  one 
fomace  are  doubled,  and  the  yield  of  the  metal  ^nc  is  considerably  increased. 


Glass,  Pottery,  Buioks,  &c. 

The  other  manufactures  which  require  the  use  of  coal,  exhibit  in  a  similar  degree  to  those  already 
mentioned  that  general  tendency  towards  economy  which  has  prevailed  during  the  present  century.        gg  ^j^p 

Beyond  this  we  find  that  Siemens'  regenerative  process  lias  been  carried  out  with  advantage  in  plate  477, ' 
glass  and  other  works.    At  Jeumont  we  are  told  there  U  a  saving  of  6,000  kUograuimes  of  coal,  or 
nearly  six  tons,  in  the  24  hours.    We  learn  also  that  the  introduction  of  the  Siemens'  furnace  into 
the  window  bottle  glass  and  fiint  glass  manufactures   of  this  country,  and  moi'e  especially  of 
continental  works,  has  been  attended  with  great  saving  of  coal. 

The  introduction  of  Hofiinan  kilns  for  burning  clay  goods  has  certiiuly  effected  a  saving  of  coal 
in  those  manufactures  in  which  they  have  been  adopted,  but,  mainly  owing  to  tiie  cost  first  of  building 
them,  they  have  not  been  largdy  adopted.  At  present  there  are  about  80  of  those  kilns  In  Great 
Britun. 

The  following  statement  will  show  the  advantages  of  those  kilns: — 

1,000  bricks,  ordinary  9  x  4^  x  3  inches,  in  open  forge,  fire  open  kilns,  use  12  cwt.  coaL 
Scotch  kilna  use  about  10  cwt.  coal. 

Square  Scotdi  kilns,  arobed  top,  with  fire  boxes,  8  cwt.  coal. 

In  close  damp,  about  4  cwt  slack. 

Hoffinan*8  kilns  use  only  2^  cwL  of  *'  Smudge." 
LiuE. — A  ton  of  lime  requires  about  12  cwtmr  12^  cwt  and  slack;  one  half  of  eaxih.  Bnnnii^ 
kilns  sometimes  use  coke. 
Hoffman's  kilns  for  lime  use  from  2  cwt.  to  2^  cwt  of  smudge  to  the  ton  of  calcined  lime. 


The  FnoDUOTioN  op  .Stxak  Poweb. 

We  have  already  alluded  to  the  production  of  steam  power ;  but,  before  passing  on  to  the  examina- 
tion of  the  evidence  given  before  this  Committee,  we  feel  called  upon  to  notice  the  enormous  waste  of 
heat,  and  consequently  wasteful  consumption  of  fuel,  in  a  very  large  majority  of  the  steam  boilers 
used  in  tlus  country ;  most  especially  such  as  are  used  in  collieries  and  iron  works,  through  their  being 
left  to  the  influence  of  every  change  in  the  atmospheric  conditions,  quite  exposed  to  winds,  rains,  and 
snows,  when  a  slight  covering  of  a  non-conducting  substance  would,  by  protecting  them,  improve 
their  steam  producmg  power,  and  save  a  considerable  quantity  of  coal. 

The  careless  and  wasteful  manner  of  stoking  in  most  of  the  coal-producing  districts  is  not  only 
a  source  of  vast  waste,  but  of  extreme  annoyance  to  all  the  surrounding  neighbourhood.  Coal  is 
joled  upon  the  fire  without  any  discretion,  producing  dense  volumes  of  the  blacxest  smoke,  which  is 
80  much  fuel  actually  thrown  away ;  nor  is  the  waste  the  worst  part  of  it;  vegetation  is  destroyed, 
or  seriously  injored,  for  miles,  and  that  which  acts  so  seriously  on  the  plant  cannot  fail  to  be 
injurious  to  man.  Dirt,  disease,  and  indirectiy  immorality,  following  like  evil  spirits  in  their  dark 
train,  are  the  natural  consequences  of  that  carelessness  wmch  marks  the  manufactories  of  the  coal 
districts. 

On  tlua  point  one  witness,  Mr.  Anderson  of  the  Koyal  Arsenal,  remarked,  "  Hy  experience  is,  ^Bvidenc^ 
"  that  where  coal  is  cheap  the  system  of  stoking  is  a  very  careless  one,  but  that  where  they  have  P*  P"* 
*  to  pay  dearly  for  theur  coal,  as,  for  example,  in  Cornwall,  the  system  of  stoking  is  exceedingly  good. 
«  Placing  the  coal  immediately  within  the  furnace  door,  it  undergoes  the  process  of  coking,  ana  the 
"  whole  matter  which  passes  over  the  heated  coal  is  consumed.^ 

One  of  the  Commissioners  asks  a  witness  if  there  is  not  "  a  prod^ioua  field  for  improvement  in  that  Evidence^ 
direction,  *'  meaning  the  consumption  of  coal  for  nuung  steam,  ^e  reply  of  the  witness,  a  man  of  Pr^  V"'  ^ 
great  experience,  was,  "  No  doubt  of  it** 
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Evidence, 
p.  21,  pu*. 
260. 


p.  43,  par. 
559. 


Evidence 
p.  44. 


Evidence, 
p.  45.  par. 
59a 


Evidence, 
p.  49,  pan. 
671. 


Evidence, 
p.  53,  par. 
772. 


Evidence, 
p.  74,  par. 
1062. 

Evidence, 
pp.  74, 75, 
par.  1069. 


Evidence, 
p.  76,  para. 
]105tolll4 


Evidence, 
p.  78. 


Evidence, 
p.  79»  par. 
1167. 


Evidence, 
p.  BO,  pars. 
1186tol204 


Without  trftvelling  beyond  known  principles,  it  waa  thought  that  a  connderablo  saving  of  fuel  oould 
be  effected.  Imperfect  combuBtion  must  be  regarded  as  the  firet  essential  loee.  The  air  is  supplied 
so  unskilfully  thnt  much  passes  into  the  chimney  as  hot  air,  carrying  with  it  the  vast  quantity  of 
unconsumed  carbonaceous  matter  which  we  see  escaping  in  black  clouds  from  the  top  of  the  chimney. 
Tliis  imperfect  combustion  may  be  triu^ed  to  the  bad  construction  of  the  fireplaces,  and  to  tlie  reckless 
way  in  which  coal  is  thrown  into,  and  over,  the  mass  of  ignited  matter  in  the  fireplace. 

Sir  Wm.  Armstrong  in  his  evidence  states  that  we  do  not  utilize  in  tite  best  steam  engine  mudi 
more  than  j-i^t\i  of  tlie  theoretic  power,  and  in  common  high-pressure  steam  engines,  we  do  not  utilize 
more  than  about  ^th  part  of  the  power  of  the  coaL  Again,  that,  with  the  average  run  of  steam  engines, 
their  duty  is  so  far  below  the  duty  of  the  best  steam  engines  that  three  times  as  much  coal  ia  used 
as  is  actually  necessary. 

We  refer  to  the  evidence  of  Mr.  John  Hick,  M.F.,  where  he  described  the  action  of  the  Coiiiss 
engine,  in  which,  by  its  careful  construction  and  a  good  system  of  steam  jacketing,  a  saving  of  some- 
thing like  30  per  cent,  is  snid  to  bo  effected.  Tlie  question  of  steel  boilers  in  the  place  of  iron  ones 
was  considered,  and  this  witness  considers  that  the  use  of  steel  in  boilers  has  many  advantages.  The 
ordinary  two-flued  "  Lancashire  boiler "  is  reported  to  save  20  per  cent,  when  made  of  steel,  Uie 
only  diflerence  being  in  the  metal,  and  in  the  consequent  thickness  of  the  plates : — the  steel  plates 
being  |  thinner  than  the  iron  onea  The  steel  boiler,  presenting  a  smoother  surface  than  iron,  does  not 
allow  the  lime  depot<ited  from  the  water  to  adhere,  there  is  therefore  no  incrustation,  and  "as  to  their 
durability  (steel  and  iron  boilers)  there  is  no  comparison  between  them."  The  table  given  at  page  44» 
exhibits  the  relative  economy  of  the  iron  and  steel  boilers. 

We  have  it  in  Mr.  Hick's  evidence,  thnt  with  the  Corliss  engines  with  condensing  apparatus,—  and  a 
steel  boiler,  that  2|  pounds  is  the  indicated  horse-power  per  hour,  as  against  the  former  consumption 
of  from  4  to  5  ]>ouDd8:  with  nw-condensing  engines  it  is  3^  lb?,  per  indicated  horse-power  per  hour 
as  against  Tibs,  iu  the  old  non-condensing  engine. 

The  ordinary  consumption  of  coal  being  taken  at  from  7  to  8  or  to  9  pounds  per  horse  power  per 
hour  for  non-condensing  engines,  it  is  thought  that  with  improved  engine  and  t)oilers  it  might  be 
reduced  to  5^  lbs.  or  6  lbs  of  coal,  and  that  a  condensing  engine,  using  from  4  lbs.  to  5  lbs,,  can  be 
brought  down  to  2  lbs.  or  2|  lbs. 

Upon  the  same  point  Dr.  William  Fairbairn  gave  it  as  his  opinion  that  we  are  far  short  of  the 
pressure  which  is  necc38ai7  to  effect  economy  in  the  production  of  steam.  I  should  go  up  to  150  lbs.  or 
200  lbs.  upon  the  square  inch  in  order  to  effect  a  larger  system  of  expansion.**  To  use  such  high 
pressures  the  locomotive  form  of  boiler  must  be  adopted,  or  boilers  of  smaller  diameters  and  conse- 
quently improved  construction. 

Mr.  £.  A.  Cowpcr  explained  to  the  Committee  his  system  of  steam  jacketing.  The  conclnuons  to 
which  the  evidence  of  tiiis  witness  lead  are  much  the  same  as  those  of  the  other  witnesses.  He 
regards  7  lbs.  as  the  average  consumption  of  cool  per  horse-power  per  hour,  it  being  in  many  cases 
as  much  as  10  lbs.  ;aml  he  says"  there  are  engines  burning  as  much  as  11  lbs.  and  I  am  sorry  to  say  12 
lbs  but,  by  the  adoption  of  comUned  high  and  low  pressure  engines,  with  proper  jacketry,  that 
consumption  might  be  reduced  to  2'2  lbs. 

We  have  also  the  evidence  of  Mr.  J.  Anderson,  of  the  Royal  Arsenal,  Woolwich,  bearing  on  the  same 
print.  Tills  n  itness,  as  we  have  already  noticed,  lays  much  stress  upon  onr  present  imperfect  system 
of  stoking,  and  on  the  saving  which  could  be  effected  by  having  a  better  class  of  men  employed,  and 
by  heading  out  inducements  to  them  to  economize  coal 

The  general  impression  derived  from  Mr.  Anderson's  evidence  was  that  he  thought  we  had  by  no 
means  arrived  at  a  satisfactory  point  in  the  generation  of  steam;  that  a  more  exact  education  was 
desired  for  our  younger  engiueers,  especially  of  a  knowledge  of  that  branch  of  philosophy  which  deals 
with  the  convertibility  of  motion  and  heat^  He  thought  our  education  was  not  so  advanced  as  itait  of 
the  German  and  French  engineers,  and  that  the  influence  of  this  education  was  seen  in  "  the  points  of 
economy  in  many  of  the  fordgn  engines"  in  the  Paris  ExhiUtion  of  1867.  Better  stoking,  and 
better  special  education,  would,  it  was  tliought,  by  this  witness,  lead  to  ft  vast  saving  in  the  con- 
sumption of  conl  in  the  future. 

On  the  same  subject  Mr.  David  Thompson,  mechanical  engineer,  ^ave  much  useful  evidence.  Mr. 
Thompson  referred  the  improvements  which  had  been  stewlily  gomg  on  for  many  yeara, — to  an 
in<arease  of  pressure  in  the  boiler,  and  carrying  out  to  a  greater  extent  the  system  of  the  expansion  oi 
the  steam.  If  he  were  allowed  to  use  his  own  judgment  in  the  construction  of  pumping  engines  he 
should  certainly  use  at  least  double  if  not  treble  the  pressure  now  generally  adopted.  The  pressure 
being  now  on  the  average  about  40  lbs.,  he  thinks  there  would  be  no  difficulty  in  obtaining  100  lbs. 
pressure,  and  the  result  would  be  greatly  increased  economy. 

This  witness  drew  attention  to  uie  greatly  inraeased  economy  of  coals  in  the  production  of  steaok 
in  ocean  steam  vessels.  From  the  <nrcumstance  that  the  carrying  of  cool  for  long  voyages,  and  from 
its  greatly  increased  cost  at  ports  distant  from  coal  fi^ds,  a  rigid  economy  of  fuel  is  pressed  upon  all 
concerned,  thus  confirming  the  general  view,  that  the  strong  inducement  to  the  economy  of  coaX  will 
be  the  increased  cost  of  it. 

Mr.  Lavington  E.  Fletcher,  the  engineer  to  the  Manchester  Steam  Users*  AssociiUion,  has  about 
2,000  steam  balers  under  his  inspection.  He  estimates  the  number  of  boilers  in  the  kingdmn  as 
being  considerably  above  50,000,  but  he  does  "not  see  any  rapid  improvement"  in  them  as  it 
respects  the  economy  of  coal.  A  conuderable  pordon  of  this  witness's  evidence  went  into  the 
stmcture  of  boilers  and  the  causes  of  steam-boiler  explosions.  Much  of  this  was  of  considerable 
importance,  but  a^  it  bore  only  collaterally  on  the  consumption  of  coal,  we  prefer  referring  directly  to 
the  evidence.  In  direct  answer  to  the  question,  whether  there  is  in  progress  a  system  of  economy 
which  is  likely  to  be  continued  in  future.  Mr.  Fletcher  replies,  diat  7  1^  or  8  lbs.  of  coal  is  the 
quantity  now  consumed  throughout  the  kingdom  per  horse-power  per  hour,  but  there  ia  certainly  a 
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gradual  and  steady  improranent, "  but  it  will  be  a  matter  of  time ;  the  improrem^t  inll  be  as  much  Evidence, 

a  matter  of  general  eduoatioa  aa  of  simple  meohanice.**  P*  81,  pw. 

Mechanical  firing  was  referred  to  by  this  and  other  witnesses,  the  general  impreeaion  being  that  1^17* 
in  large  works  it  would  prove  economical,  but  not  so  in  small  manufactories. 

On  the  consumption  of  smoke,  Mr.  Fletcher  questions  if  practically  smoke  can  be  completely  prevented  Evidence 
with  economy.    This  is  confirmed  by  the  inquiries  which  have  been  made  in  tlie  large  manufacturing  p.  82,  par. 
towns.    It  appears  difficult  to  extinguish  the  last  vestige  of  smoke  without  diluting  the  last  few  128S. 
atoms  of  cartran  widi  more  oxygen^  than  is  required,  and  therefore  the  advantage  is  lost  by  the  Evidence, 
snperflnons  amount  of  cold  air  Emitted.    Notwithstanding  the  probable  fiict  that  it  may  cost  a  p.  82,  pn. 
trifle  more  to  burn  the  smoke  in  a  special  manufactory,  there  must  surely  be  a  vast  economy  in  1232. 
freeing  such  towns  as  Manchester,  Leeds,  or  Bradford  from  the  deluge  of  solid  carbon  which  is 
deteriorating  every  work  of  nature  and  of  art. 

On  the  question  of  Qalloway'e  tubes,  this  witness  was  examined.    The  general  impression  was  See  Corre- 
fiiToarable  to  their  application,  as  has  been  already  stated,  but  they  are  thought  to  be  only  a  eon-  spondence, 
venient  mode  of  increasing  the  boiler  surface.    *'  Fuel  economizers/'  as  they  have  been  called,  of  p.  82. 
various  descriptions,  which  consist  mainly  of  a  series  of  tubes,  containing  water,  placed  in  the  stack, 
so  OS  to  be  heated  by  the  waste  heat  from  the  fire,  were  inquired  into.    There  was  no  doubt  bnt 
tiiat  these  arraogements  tended  to  economy.   "  If  we  conld  heat  the  feed  of  the  boiler  as  "  high  by  £yj ^^qq^ 
'<  the  waste  steam  as  by  the  waste  heat  from  the  fire,  there  would  be  no  advantage  in  using  this     24  par. 
"  apparatus ;  but  if  we  can  raise  the  water  to  a  higher  temperature  by  this  arrangem^t  than  by  the  $06,  * 
"  waste  steam,  there  will  be  an  advantage."    Those  arrangements  must  be  considered  as  plans  for 
obtaining  an  extension  of  boiler  surface. 

Hie  evidence  of  Mr.  Charles  Greaves  of  the  East  London  Waterwwks  goes  to  confirm  all  Evidence 
previous  evidence,  that  economy  has  been  produced  in  raising  and  using  steam  by      nse  of  a  hi^er  p.  83,  par. 
pressure  of  steam  than  was  formerly  attempted.    This  witness  does  not  see  the  promise  of  any  great  1252. 
degree  of  economy  in  the  higher  class  engmes  of  any  sort    "  There  will  be  a  considerable  eccmomy  Evidence, 
"  as  the  style  of  engineering  improves  amon^  engines  in  general."    But  Mr.  Gtreaves  conceives  p.  85,  par. 
economy  may  arise  "either  from  an  increase  in  the  price  of  coalj  or  irom  a  better  diffusion  of  1281. 
"  engineering  knowledge  and  engineering  principles.     He  thus  confirms  the  re{dieB  <^  other 
witnesses,  that  we  can  only  hope  to  save  ooal,  in  the  future,  by  an  extended  and  a  better  s^rtem  of 
scientific  education. 

Mr.  Thomas  B.  Jordan  favoured  the  Committee  with  a  description  of  his  combination  boilei*.    The  ^yjiig^Q^ 
great  admntages  are  the  fiioility  witii  which  all  the  parts  of  the  boiler  can  be  moved,  ihe  boiler  put  »  gg^  ^n. 
tt^ether  and  erected,  and  the  rapidity  with  which  steam  can  be  raised  in  it.    Wiik  this  boiler  tfauB  1287tol294. 
genofal  consnmj)tton  would  be  about  5  lbs.  per  hor»e^)Owcr  per  hour 

l%e  use  of  bqnid  fuel  has  been  fully  oonudered  by  the  Committee,  and  the  correspondence  and  oomqxmdeM^ 
evidence  go  to  show  that  there  are  many  objections, — by  no  means  insuperable, — to  the  use  of  petroleum  s^denoe.  n.  69, 
imd  paraffin  oil  for  a  fuel  for  the  production  of  steam.    We  have  seen  the    dead  oils  "  trom  gas-  iw-7Mr%o. 
works  burnt  in  steam-boilers  with  mat  apparent  eoonomy,  and  no  doubt  there  are  co^ttions  under  fifm!^^  *' 
which  the  Hquid  fuels  may  be  usea  with  advantage  to  the  saving  of  other  fuel.  comtpondfino^ 

At  one  of  the  meetmgs  of  the  Conmuttee  the  ^estion  of  the  ntilization  of  the  heat  wasted  in  Evidence, 
burning  coke  was  considered.    It  appears  that  at  Senung  in  BeWinm  the  heat  of  the  coke  ovens  is  p.9,pBr.ll6. 
utilized  for  raising  steam.    The  evidence  of  Mr.  I.  Lowthian  Bell  upon  this  point  went  to  show  that.  Evidence 
although  there  was  an  undoubted  economy  to  be  obtained  by  using  the  heat  of  the  coke  ovens,  yet  p.  1 1,  par. 
there  were  practical  difficulties  whidi  stood  iik  the  way  of  the  adoption  of  any  pUn  at  presoit  for  this  145  to  154. 
pnipoee. 

Attempts  are  making  to  coke  several  varieties  of  the  small  of  coal  not  usually  regarded  as  Correspon- 
coking  coal,  as,  for  example,  that '  of  Soutii  Staffordshire,    In  that  district,  too,  arrangements  for  dence,  p.  27* 
cleaning  the  coal  are  used,  and  premise  some  considerable  saving.    It  must  not  be  forgotten  that  the  Evidence 
small  coal  of  South  Staffi)rdshire  is  used  under  every  disadvantage,  being  mixed  with  a  large  proper-  p.  65. 
lion  of  shale  and  incombustible  earthy  matter. 

The  authority  of  Sir  Daniel  Gooch  was  brought  before  the  Committee  in  a  letter  horn  that  gentle-  Railway 
man,  to  the  effect  that  8  lbs.  per  horse-power  per  hour  might  be  regarded  as  the  result  of  the  burning  locomotives, 
of  <x»d  to  produce  steam  in  all  cases  in  Great  Britiun,  and  that  good  railway  locomotives  do  not  Evidence, 
consume  more  than  3  lbs.  per  horse-power  per  hour.    Br.  F»rbairn  remarks,    with  r^ard  to  the  P*  ^> 
locranotive,  I  have  a  very  strong  opimou  that  we  are  not  able  to  do  much  in  the  way  of  economy  in  Evidence, 
that  direction."   The  saving,  however,  that  has  been  lately  effected  by  the  use  of  coal  instead  of  ooke  P*  pu** 
is  oonriderable.    As  much  power  is  now  obtuned  from  one  pound  of  coal  as  was  got  from  one  pound 
of  coke,  the  cost  of  the  former  being  but  little  more  than  half  that  of  the  latter.    We  have  it  in  Eridence, 
evidence  notwithstanding  that  though  the  limits  of  economy  are  nearly  reached  in  the  use  of  fuel  P^^* 
in  the  locomotive,  that  on  the  South-western  Hiulway  tiie  substitution  of  coal  for  coke  has  effected 
a  saving  of  not  less  than  30,0002!.  a  year.   We  also  leium  that  upon  most  railways  the  quantity  of 
coal  need  in  the  locomotive  endues  varies  from  38  lbs.  to  45  lbs.  per  nul^  whereas  by  arran^^ents 
introduced  by  Mr.  Joseph  Beattie  it  has  been  reduced  on  the  rulway  of  whidi  he  is  engmeer  to 
25  lbs.  per  mile. 

The  quantity  of  coal  used  in  the  United  Kingdom  for  domestic  purposes,  and  manu&ctures  other  Domestic 
than  iron,  is  about  60,000,000  per  annum ;  the  manufacture  of^  iron  consuming  between  30  uid  consnmp- 
35,000,000  tons.    Nearly  three  tons  of  coal  are  used, — omitting  that  employed  for  the  manufacture  tion.  ■ 
of  iron, — for  all  purposes,  by  each  head  of  the  population ;  or  for  domestic  pnrpoaes  only,  about  one 
ton  per  annum  for  every  man,  w(»nan,  and  child. 

The  prejudice  in  favour  of  im  open  fireplace  is  so  strongly  rooted  that  it  will  be  long  before  the 
bulk  of  the  population  will  be  persuaded  to  adopt  a  more  economical  arrangement  for  warming  their 
184M.  ToL.1.  O 
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ventilating 
dwellingB. 


dwdlioffSu  Feeling  this  strongly.  Dr.  Aroott  adopted  in  his  own  house,  and  ui^ed  upon  people 
ffeneralfy,  to  try  the  principle  of  lighting  the  fire  on  the  top,  and  of  gradually  raising  the  coal  as  it 
burnt  down.  The  mechanical  arrangements  for  this  were  of  the  simplest  kind.  Dr.  Arnott  regards 
this  plan  as  an  economical  one,  as  the  coal  in  the  lower  part  of  the  grate,  being  heated  from  the 
incandescent  coal  above,  distils  its  hydrocarbon  vapour  through  the  already  heated  coal,  and  hence 
it  i»  advantageously  consumed,  instead  of  producing  smoke.  Still  this  method  is  rarely  adopted.  Sir 
Wm.  Armstrong  in  bis  evidence  puts  the  matter  in  a  bold  light.  The  defects  of  the  open  fireplace  are 
recognised,  the  modes  of  remedying  them  are  within  the  reach  of  every  body  :  yet  certain  it  ia  ^t 
tbepublio  do  not  geaesaJAy  avail  themselves  of  the  opportunity  of  saving  fuel  by  their  adoption. 

Ine  evidence  of  Sir  Wm.  Armstrong  should  be  referred  to,  as  showing  in  the  most  convincing 
nmnner  that  to  heat  a  room  by  an  open  6re  is  utterly  wrong  in  principle, "  but  the  luxury  of  sitting 
by  an  open  fire  "  is  indulged  in,  and  it  is  so  because  it  is  to  most  Englishmen  and  women  a  bixuryt  in 
which  they  have  been  educated,  and  which  they  will  most  unwillinglT  forego. 

The  economy  of  "  Amott's  Stove  '*  was  examined  into,  by  which  it  appears  about  50  per  cent 
of  coal  is  saved,  and  a  good  system  of  ventilation  established,  by  its  use. 

An  inquiry  was  made  into  the  applicability  of  hot  water  or  hot  air  arrangements  for  warming 
buildings.  Although  it  is  evident  that  little  difficulty  exists  in  applying  many  of  the  varieties  of 
warming  appuratus  to  dwelling  houses,  it  was  thought  that  in  most  cases  the  first  cost  would  prove  a 
barrier  to  the  genenU  introducdon  of  any  of  the  plans  now  in  use  in  conservatories,  churches,  and 
large  manufactories.    An  experienced  manufacturer  states  to  us  as  follows: — "Hot  air  cannot  be 

be  applied  with  economy  for  warming  houses.  The  apparatus  necessary  is  too  costly,  and,  unless 
"  ventilating  apparatus  is  put  in  at  the  same  time,  the  result  is  defective.  Heating  by  air  or  by 
"  water  may  be  applied  as  an  auxiliary,  but  not  to  substitute  ordinaiy  fires.  These  plans  are  usra 
**  in  schools,  not  by  reason  of  their  economy,  but  for  safety,  to  protect  the  children  from  the  dangers 
"  of  an  opeu  fire."    We  have  the  additional  evidence,  however,  that  in  Birmingham  1,800  feet  of 

Siping  were  arranged  in  a  manufactory  for  200/.,  and  that  the  cost  of  warming  this  extensive  building 
id  not  exceed  2«.  a  day. 

One  witness  drew  attention  to  the  su^estions  and  plan  of  Captain  Galton,  by  wliich  about  one 
half  of  the  coal  generally  used  was  professedly  saved.  Captain  Galton  has  favoured  the  Committee 
with  a  description  of  his  apparatus,  to  which  we  direct  attention.* 

A  large  amount  of  useful  matter  was  collected  and  published  by  the  Commisrion  appointed  "  to 
in^ire  into  the  best  modes  of  warming  and  ventiiaiinff  the  apartments  of  dwelling  houses  and  barrackiy"  in 
1856,  and  to  this  we  refer  those  who  are  interested  in  this  important  question.  We  have,  however, 
the  striking  fact,  showing  the  immovability  of  the  public,  that  during  the  15  years  which  have 
passed  unce  this  Commission  began  its  labours  and  r^rted  thereon  no  economical  result  has  been 
obtained. 

(Signed)      Henbt  Husset  Yitiak. 
Geobge  T.  Clarxk. 
John  Hartley. 
BoBERT  Hunt  (Churman). 


*  Bee  IfoBanndmB,  p.  88. 


\ 


Digitized  by 


ON  WAfiTB  IN  COMBUSTION.  107 


APPENDIX  TO  REPORT  OF  COMMITTEE  B. 


Siportll* 


APPENDIX  A.  • 

CiRCDLAB  B  I. 

The  Commiasionera  appointed  by  the  Queen  to  inves- 
tinte  the  probable  quantity  of  ooal  contained  in  the  ooal- 
flelds  of  the  United  Kingdom,  and  to  report  on  the  quanti^ 
of  audi  coal  which  may  be  reasonably  expected  to  be  avaal- 
abie  for  use;  whether  it  ia  probable  that  coal  ensta  at 
workable  depths  under  the  Permian,  New  Red  Sandstone, 
and  other  auperincumbent  strata;  to  inquire  as  to  the 
quaotity  of  coal  at  present  consumed  in  the  vuiotu 
branches  of  manufacture,  for  steam  navigation,  and  for 
domestic  purposes,  as  well  as  the  quantity  exported,  and 
how  for,  and  to  what  extent,  such  eonsumption  and  export 
be  expeeted  to  inoreMe,  and  whether  there  Is  reason 
to  beUere  that  eoal  ia  wasted,  either  by  bad  worlang  or 
1^  cazelessiiew,  or  m^leot  of  proper  appliances  for  ita 
eeonomical  consumption,  are  as  follows  : 

GecHve  Douglas  Duke  of  Argyll,  Knight  of  the  roost 
ancient  and  most  noble  Order  of  the  Thistle;  Sir  Roderick 
Impey  MurchUon,  Baronet,  Knight  Commander  of  the 
most  honoumble  Order  of  the  Bath  j  Sir  Willam  George 
Armstrong,  Knight  Companion  of  the  moat  honourable 
Order  ofthe  Bath ;  Henry  Hussey  Vivian,  Esouire,  M.P. ; 
George  Thomaa  Clark,  Esquire;  Joseph  Dickinflon,  Es- 
quire; George  Elliott,  Bsguire;  Thomas  Emerson  Forater, 
Esquire;  John  Geddes,  Esquire;  Robert  Hunt,  Esquire; 
Jowph  Beete  Jukes,  Eaquire ;  John  Hartley,  Esqutte ; 
John  Percy,  Esquire,  Doctor  of  Medicine;  Joseph  Prest- 
wich.  Esquire;  Andrew  Crombie  R«n8»y,  BaquiH,  and 
John  Thomas  Woodhouse,  Esquire.  ,  , 

The  Commissioners,  beong  anxioiis  to  obtain  uie  opmiona 
of  well-infbnned  men,  would  feel  obliged  if  you  would 
&vour  them  at  your  earliest  convemenoe  with  answers  to 
■oy  of  the  enclosed  questions  to  which  you  ma^  feel  able 
to  ni^.  They  farther  request  that  if  you  desue  to  give 
mj  more  extended  explanation  of  your  views  you  will 
(rive  it,  or  refer  to  any  work  which  contains  the  informa- 
tion.  I  shall  ftel  obliged  if  yon  wiU  send  your  reply 
To 


I  am, 

Yonr  obedient  servant. 


Gonmuaaoner. 


QvsBTioNS  voB  WiTHtaaas. 
I. — As  to  BloMt  Rtnuteeg, 

1.  Name  the  works  at  which  you  have  been  engaged  in 
iron  making  or  engineering? 

2.  For  how  many  years  have  you  been  so  ei^pured? 

3.  What  is  tiie  smallest  quantity  of  ooal,  within  your 
experience  and  under  your  own  observation,  used  to  pro- 
duce a  tonof  jng  iron  in  the  bhtst  furnace ;  putting  the 
quantities  in  this  and  in  all  other  cases  in  statute  weight  ? 

4.  What  ores,  or  admixture  of  ores,  were  used,  and 
what  per-centage  of  iron  did  they  contwn  ? 

5.  What  was  the  quality  of  iron  so  produced  ? 

6.  What  kind  of  fuel  was  used  ? 

7.  What  kind  of  flux,  and  in  what  condition ;  and  what 
was  the  proportion  of  flux  aay  to  the  ton  of  iron? 

8.  Give  the  principa]  dimensions  of  the  ftimace,  the 
angle  of  the  bosnes,  and,  as  near  as  you  can,  the  lines  of 
the  furnace  in  eveiy  part  P 

9.  What  was  the  pressure  and  temperature,  at  the 
tuyeres,  of  the  blast,  and  what  the  quantity  of  ur  used  per 
ton  of  iron  produced? 

10.  How  many  tuyezea  ware  used,  and  what  was  their 
position  and  siie?  ,  , 

11.  What  was  the  relative  market  valne  of  the  pig  iron 
produced,  aa  compared  with  other  irons  of  the  same 
district? 

12.  Was  the  furnace  open  or  closed  at  top  ?  If  closed, 
upon  what  plan  7 

13.  For  what  period  did  the  furnace  continue  to  produce 

the  results  given  7 

14.  State  the  quantity  of  coal,  if  any,  used,  large  and 
nnall,  other  than  in  the  blast  furnace,  say  for  atoves,  cal- 
cdning,  and  raising  steam  ? 

16.  Was  this  a  commercial  result,  and  snoh  as  in  your 
opinion  could  be  maintained  in  practice? 

16.  To  what,  in  yonr  opiniMi,  waa  tiw  apeoaal  econanqr 
to  be  attributed  7 


17-  Describe  the  fumaoes  of  the  district,  stating  the 
differoit  conditions,  if  any,  under  iriiieh  that  or  tiioae 
given  aa  a  fiivourable  example  worked;  alao  a  comparison 
as  to  makes  and  yields? 

IS.  In  what  direction,  do  you  think,  is  further  improve- 
ment in  eoonomy  of  fuel  practicable?  And  what,  in  yonr 
opinion,  is  the  best  result  likely  to  be  attained  iritii  our 
present  knowledge  ? 

19.  What  is  the  general  result  of  your  experience  as  to 
the  utilisation  of  the  waste  gases  from  blast  furnaces  7 

20.  What  ia  your  opinion  as  to  the  eoonomy  and  the 
effect,  genmlly,  of  hot  blast ;  and  what  is  the  practical 
limit  ot  tempervtiire  to  which  blast  can  be  heated  7 

21.  What  is  the  method  adopted  for  heating  the  blast 
in  the  instances  to  which  you  refer? 

22.  Have  you  had  your  attention  directed  to  the  regene- 
rative funace  7    If  so,  give  your  opioion  thereon  T 

II,— Aa  to  Plate  or  R^intd  Metal. 

23.  Is  plate  or  refined  metal  still  manufactured,  and  to 

what  extent  7 

24.  What  is  the  smallest  quantity  of  coal  used  within 
your  knowledge  to  produce  a  ton  of  this  metal  ? 

III.— il*  io  PvddUng. 

25.  What  is  the  smallest  -quantity  of  coal,  within  your 
knowledge,  used  to  produce  a  ton  of  puddled  bars  mnn 
pig  or  plate  metal  ? 

26.  What  was  the  quali^  of  the  coal,  and  what  the 
proportion  of  small,  if  any  7 

2/.  Was  blast  or  any  ether  artificial  means  used,  in  any 
form,  to  assist  the  chimney  draught  ? 

28.  What  quality  of  iron  was  used,  and  into  what 
description  of  finished  iron  was  the  puddled  bar  oonverted  7 

29.  Give  a  general  description  of  the  puddling  furnace, 
explaining  its  peculiarities,  if  any  t 

30.  What  was  the  quantity  of  iron  made  per  week,  and 
what  was  the  yield  of  puddled  iron  per  ton  a  pig  or  [date 
used? 

31.  For  how  many  hours  pa  week  was  the  fumaoe  at 
work,  reckoning  from  the  time  of  ohaqjing^  the  first  heai? 

32.  Was  the  waste  heat  at  the  ftirnaoe  utiUzed  in  any 
way  P  If  so,  for  what  purpose  was  it  used,  and  with  whirt 
result? 

33.  What  quantity  of  coal,  if  any,  large  and  smidl,  was 
used  to  produce  steam  for  the  en^nes,  for  hammering  or 
squeezing,  and  roUing  the  puddled  iron? 

34.  In  your  opinion  u  further  improvonent  in  the  pre- 
sent ^stem  practicable  7  If  so,  in  wnat  direction  must  we 
look  lor  improvement  7     .  . 

IV.— ^  to  Merchant  Iron  and  RmU. 

35.  What  is  the  smallest  quantity  of  coal,  inthin  vour 
knowledge,  used  to  convert  puddled  bars  into  merchant 
iron,  once  heated,  excluding  fine  iron  and  lai^e  sizes  7 

36.  What  is  the  smallest  quantitv  used  to  convert 
puddled  bars  into  raUs,  twice  heated,  exclusive  of  the 
quantity  previously  used  for  making  the  No,  2  slabs  7 

37.  Of  what  quality  was  the  ooal?  WaaitlaigeorBmall? 
If  mixed,  in  what  proportion. 

38.  Was  the  waste  heat  utilized  7  H  so,  in  «4iat  manner, 
and  with  what  general  result? 

39.  What  quantity  of  coal,  if  any,  la^  and  smidl,  was 
used  to  produce  steam  for  the  engines  for  rolling  mnchuit 
iron  ana  rails? 

40.  Have  yon  any  experience  in  the  use  of  gas  fuel  for 
puddling  and  heating  iron  ?  If  so,  give  the  result  of  your 
experience,  and  yonr  opinion  as  to  the  probable  economy 
which  would  attend  ^e  use  gas,  as  against  solid  fuel, 
for  pnddlii^c  and  heating  Amuoes? 

41.  Have  you  any  experience  aa  to  utiliung  the  waste 
heat  of  puddling  and  mill  fbmaces?  If  so,  what  is  the 
result  of  that  experience  7 

42.  Have  you  had  your  attention  directed  to  the  re- 
generative ^nace  7    If  so,  give  your  opinion  thereon. 

43.  Have  you  had  an  opportuni^  of  testing  the  effect 
of  washing  coal  for  heating  and  puddling?  If  so,  describe 
the  nature  of  the  coal  operated  upon,  and  the  result  of 
washing ;  also  your  experience^  if  any,  of  the  economy  of 
washing  coals  fat  coking  purposes  tot  use  in  the  uast 
furnace? 

Note.— The  (Umatittee  will  be  gUd  to  neehe  tketeket  ^ 
awvfiimaee  or  wuekmUal  vrrcmgemeiU  detenbed, 

Gio.  T.  Clabk, 

Chairuian. 
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I— — 

List  of  Coxkish  Fimpraa  Engines,  giving  the  highest  Doty  performed  by  the  Engine  named,  witiiin 

the  Year  named,  fnm  1814  to  1633.  • 


Tmt. 

■ 

XltneorEni^ne. 

Cotuumptlon 

ofCoJiu 
BiiahalB*itathe 
H<mUi  reported, 

ai  douiR 
h^facstDnty. 

Poonds  lifted 
One  Foot  bMiliT 
OneBn^oT 
CoaL 

Ift14 

X^UliWA*U         «                    ■  - 

DOI^ATH          -            -  - 

Whbal  Aubbd 

Stray  Park,  63  ins.,  single          -  - 
East,  60  ins,,  single  - 

1  sift 

1,91  V 

1,326 
2,593 

31,880,757 
30,751^86 

mi  1 

VOE 

DOLCOATH          -  - 

WoolTs  engine,  53  inc.,          >i    ■  i» 
Stn^  Park,  63  ins.,  single          -  - 

1,0  oO 

1,214 
1,375 

46,907,795 
32,318,561 

f  T  —       *■                11  ■  ■        *  * 

,      VOB      -             -  - 

„  Chakck 

Wf^lf a  ^niriTip  A^  ins    Ainvlp  orpst  ^vllnilAF  * 

WoolTi  eogioe,  59  ins.,         n  w 

l^*s  en^ne,  45  ins.,            „         »       '  - 

3,016 
792 

48,431,701 
44s354,000 

1(117 

IV nip  if  A nn  A n i  v          «  « 

poixoath  ... 
Wheal  Chamcb 

Qreat  eogiiw,  76  ins.,      i,       -  - 
Sim's  engine,  45  ins.,     „     great  cijUiider 

■ 

2.673 
840 

44,135,715 
46,MU355 

IBIR 
lOlO 

Trbsxxhbt     -  - 

DOI^ATH  - 

Sim's  engine,  58  ion.,       „            „  - 
Great  engine,  76  ins.,       »      *■  • 

1,710 

2,806 

AT  KAn  ftKa 
43,098,797 
42,622,141 

1S1  0 

T^/IT         L  T W               _                   _  — 
I^MIA/U  A  In             ^                *  * 

TSESKSBBT  - 

WmAL  Abraham 

Ore&t  engine,  76  ins*,  smglo       -         ♦  - 
Teagne'B  Sim's  engine,  58  ins,  tdogl^greatcjliiidet 
WoolTs  engine,         45  ins.,  „ 

1.360 
1,854 

43,567,546 
40,607,385 

DOLCOATU          -  - 
TsrSKKBBT  - 

TTvOil  0  cOgiZlc,  4i>  lOB*,  biuglu,  ipiSM  i^uuucr  ■ 

Great  engine,  76  ins.,  „-•--■ 
Teagne's  Sim's  cuffos,  58  ins.,  tingl^  gnat  eySndear 

S,387 
1,674 

Att  111  "rot 
44^3S,S&7 
41,318,630 

tfi91 

dolcoaiu  - 
Trbbkbbbt      -  - 

Stray  Park  engiiie«  64  ins.,  sinirle 

^iSHlEUvv  villi  D  cinuiiv^  vv  uivty  BauMap            *  * 

1,860 
1,926 

A.'J  ^  1 A  119 

46,727,463 
41,681,639 

tOMM 

Wheal  Aobabak  - 

^VFlhA^Y  'if ftui ii^j*  AninnA    Of)  it^h     BinfflA  _ 
IT  neai  JrvrnUlO  CT^Qv,  VU  IHB*,  BUJJ^iV  ■ 

Sfan's  engine  at  Bifisa  Pool,  90  ins.,  single 
WoolTs  engine,  45  ins.,  single,  grait  cylinder  - 

9JH0 
1,4C4 

48,808,979 
47,313,417 

POLDICB  - 

Wheal  Abbauau 

XTfinn    f^iimtfrlv  JTnlk'fl  pfifim*  Qf\  inn     Ainff'lp  ^ 
iliUlJU,  iiVlUtVUy  vvv  a  ^llgUlCf  W  MllOtf  SUJ|^1C  " 

Sim's  engine  at  Bissa  P<H'1,  90  ins.,  „ 
Wooirs  engine,  45  ins.,  single,  great  cylinder 

S,660 
1,548 

AK  AM  411 

41,348,673 
51,062,845 

Tr  HEAI.  Y  VR  ~              •  " 

„     Busy    -         •  - 
foloootk    .        •  - 

Old  ^^igme,  48  ins^,  Buigl^         •         •  • 
New  engine,  70  ins.,  „      -         -  - 
Nev  engine,  80  ins.,  „           -          *  - 

t,0VO 
2,512 
4,255 

44,843,114 
43,382,353 

IMC 

LfABSlBe                •              •  - 

Pca-Goorn  - 

WhulYob      .       .  - 

xvairj  engine,  bu  lua.,  amgiB          >         ■  ' 
.— — ,.  ■   .,  80  ins.,    „         -          •  - 

4,906 
8,678 

44,349,396 
44,498,034 

Trelawny'e  engine,  80  ina.,  singtc      .      .  - 

IBZQ 

„      VOB      -            -  - 

„  Sfaihki 

Trelawny'fi  engine,  60  ins.,^sutgle  ■ 
Trelawny'B  engine,  80  ins-, "  „      -         -  - 
l^eUimy'i  en^ne,  70  ins.,    „  - 

OA1C 

4,040 
8,689 

48,442,906 
46,913,106 

IVHl 

fl^HHAL  Hope   -  - 

„  TOWAH 
COHSOLmATBD  HlSES    -  • 

Xrelawny's  engine,  60  inB>,  siogle      •      ■  - 

Wilson's  engine,  60  ins.,      „  • 

Taylor's  engine,  70  ins,,        »        -        *  - 

1,217 
2,394 
1,200 

90,Ul!i,Zy!l 
68,527,351 
48,567,661 

TX^D*  1  W     T^/\        *  w                    _  _ 

VT  HSAIj  X  OwAH            *  " 

„     Voa  - 

F0LADBA8  COWKS 

TT  usvn  •  diginc,  ou  lqb«,  nugic    >           «  - 
Trelawn/s  engine,  80  ins^  „  ... 
Trelavny*s  engine^  70  ins^  *■ 

3,750 
1,676 

55,548,731 
49,044,065 

IT             nOrB     "              •  • 

„  TOWAK 
BiKXKS  DOWKB 

XTCiairUy^D  cQgUlef  Vv  UlSay  BlugIC         -  " 

Wilson's  en^n^  80  Ins.,       „  • 
Towau's  engine,  70  ins.,       „  - 

2,106 
2,178 

81,991,698 
65,003,749 

1830 

COKSOLIDATKD  MH^EB 

Wheal  Tolqcs 
Cabdbxw  Diyma 

Shears'  engine,  65  ins.,  singlo     -         -  - 
Shears'  engine,  70  ins.,    „          -  - 
SheaTS*  engme^  66  ins.,    „       -  - 

1,295 
1,206 
1,548 

65,273,053 
65,880^431 
64,681,135 

1881 

East  Chikiiis  -  - 

COS8OLIDATBD  UlXF^ 

Qkbat  Woek 

Hudson's  engine,  76  ins.,  single      -          -  - 

WooITb  engine,  90  ins.,       ,,  - 

Wheal  Breage  engine,  60  ins.,  singlu  - 

943 
9.499 

1,170 

7S/)16,126 
65,835,641 
48,819,391 

1883 

East  Cbinkis   -  - 
WubalVoe  -         -  - 
Mabazioh         .        .  - 

HudBon's  engine,  76  ins.,  single 

Borlase's  engine,  80  ins.,    „        •  - 

Powlet's  engine,  CO  ins.,     „      -  • 

2,165 
1,544 
1,114 

71,278,043 
84,756,336 
64,173,196 

1888 

Wheal  Daruvotov  - 

„     TOWAK  -  - 
„    Voa  - 

Fowlet's  engine,  80  ins.,  smgle      •  - 
Wilacm'^  engine,  80  ins.,   ^       -         -  - 
Boilase's  engine  60  ins.,  »         '         ~  - 

2,1  U 
3,034 
1,883 

79,114,703 
04,1173,876 
91,353,348 

*  Bushel  (rf' 94  lbs. 
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APPENDIX  C. 


Tasls  of  CkWHXSH  Ehgxkes  reported  in  Lean's  Tables  bb  performing  Ae  highest  Duly  &<an  184d  to  1863. 


aiiftiueaa 

Hilll(Hu  of  Pmmda  lifted  l  foot  hidi  by  the  Consumption  oTl  cwt. 
(lU  lbs.)  or  Coal. 

HlOHSSV 

Dinr 

Jan. 

Feb. 

Har. 

April. 

Haj. 

Juno.!  Jolf. 

Aug. 

Sept 

Oet. 

Not. 

Deo. 

tor 
the  Tear. 

1840 

But  WbnlRoM 

Ditto       -  • 
ITnitaaHIiiw 

HicheU'i,  70  Ins. 
Pennn'i.TOiiie. 
Taylor*!,  80  Ins.  • 

86 
U 

88 
M 

83 
93 

81 
83 
88 

73 
84 
93 

76 

83 
D8 

79 
84 
84 

73 
84 

91 

74 

76 
93 

83 
50 
94 

81 
95 

82 
67 
95 

86 
84 
05 

8oath  VhMl  TiMiOM 
Bnt  WhMl  Choftr  • 

BId(m'«,90ins.     .  - 
Sim's,  78  fan. 
TrannwiitSOliu.  « 

M 
81 

7« 

SB 
77 
73 

76 
77 

69 
72 
76 

78 
79 
76 

76 
77 
80 

78 
77 
76 

78 
77 
78 

77 
77 
72 
75 

74 
77 
SO 
70 

73 

n 

62 
63 

75 
76 

60 

HA 

90 
81 
80 

n 

Ian 

UnltMl  Uioes  • 
Ditto 

Bast  Wheat  Bow  - 
South  Trbnl  Fnnoe* 

T^rlor^,  80  ins.  • 
EldoD'B,  SO  Ins.  > 
MlcheD's,  81  ins. 
„       79  Ins. 

73 
72 
76 
71 
68 

6S 

77 
78 
76 

68 

70 
71 
79 

74 
70 
76 
BS 
70 

74 

72 

73 
7* 

70 
71 
67 
71 
75 

70 
TO 
60 
69 
76 

73 
67 

66 
70 

73 
66 

68 
78 

70 
67 

68 
76 

72 
78 

60 
68 

76 
74 

60 
66 

78 
74 
77 
88 

n 

lan 

Pemn  St.  Ooorss  • 

Hiohell'a,  60  and  lOOins.  1 
onmblned      -  -i 

77 

67 

72 

75 

73 

GO 

71 

06 

64 

63 

77 

Oiwt  Work 
But  Whetl  Bom 

Leeds',  60  Ins. 
Bim's,  7S  ins.  - 
Uichelt'a,  85  ins.  • 

70 
60 

78 
7S 
71 

68 
69 
73 

78 
66 
71 

73 
76 
71 

72 
70 

Si 

72 
79 

Do 

78 
68 

78 
68 
65 

69 

67 

60 

67 
64 

69 

78 
69 

7s 
78 
U 

1868 

Great  Work 
Sooth  Wheal  Fiuuei 
EMt  Wheal  Rose 
Tbekl  Tramarne 

Leeds',  60  Ina.  . 

B     75  las. 
Penrose^  80  Ins. 

.  MtM. 

69 
68 

73 
83 

60 
70 
68 
66 

66 
60 
74 

m 

66 

68 

63 

60 

OS 
74 

6S 

68 
72 
71 
60 

70 
72 
09 
in 

76 
72 
69 
60 

79 

71 
06 
68 

71 
69 
61 
68 

74 
67 
OS 
66 

70 
67 
88 
64 

u 

78 
74 
OS 

UN 

dreafWork 
Wheal  TremajriM 
Booth  WlMamiaoM 
Saat  Wheal  Boae 

Leeds',  60  Ina.  t 

HidMll'^60liit. 

XBfriott's.70iaB. 

Penroee'B,  80  ina. 

7t 
81 
66 
66 

88 
60 

66 

71 

68 
68 
65 

CO 

70 
60 
66 

70 

70 

67 
68 

67 
68 
63 
60 

65 

62 

73 
68 
63 
62 

77 
63 
59 
63 

75 

78 

09 

74 

78 

68 

7S 
65 
61 

66 

77 
78 
87 
71 

1860 

Great  Work 
Wheel  Trenu^e 
Booth  Wheal  Fntncea 
Bart  Wheal  Bow  - 

Leeds',  60  ina. 
MioheU's,  60  ins. 
Harriott's,  70  ins.  - 
KldieUXSOiDS. 

73 
71 
60 

" 

78 
87 
69 
70 

73 
71 
73 
68 

71 
67 
74 
67 

71 
67 

05 

71 
70 

OT 

60 
70 
73 

64 

69 
69 

72 
68 
72 
58 

60 
71 
07 

70 

69 

~ 

69 

75 
71 
76 
78 

IBM 

Grcftt  Work 
Booth  Wheal  Trutcea 
Eaat  Wheal  Bow 
Ditto       -  • 

Leeds',  60  ins. 
Harriott's,  76  his. 
PoDns^^SOins. 
KOTtb,70iD8.      -  . 

74 
66 
67 

77 
60 
66 

7r 

71 
62 

70  ■ 
78 

80 

77 
60 
SI 

79 
7! 
61 

77-8 
68-0 
58 

74*8 
69' 0 

72-8 
88*1 

69'9 
66*7 
66-0 
98-0 

71-4 
68-8 
61-1 
91-8 

74*2 
66 
60 
87*6 

J7'9 
78 
87 
98 

1807 

QreitWork  • 
Wheal  Tremaynfl 
Perran  St.  GeoTxa  - 
Boalk  WheainaiUM 
East  Wheal  Rose 

Leeds',  60  ini.  - 
Hichell's.  60  Ina.   •  • 
»      60  and  100  ins. 
Harriott's,  66  faia. 
North,  70  ins.  • 

70*6 
71"8 
72-9 
09-8 
81-2 

7S-0 
75*9 
78*0 
06-1 
74-0 

7i-7 
7V0 
69-3 
69-4 
9S-6 

'7S-4 
72-4, 
68-0 
71*6 
OS-8 

71-7 

78-2 
71-8 

68-0 
68-6 

74-8 
07-8 

6S'2 

69-9 
08*0 

66*7 
89*7 

K>-2 

62*8 

66*0 

74-  8 

75-  0 
7S-2 
71-6 
68-8 

UBS 

Great  Work  • 
WeatWhealFrorldenoe 
North  Boikcar 
South  Wheal  Francee 

Leeds',  60  ins.  • 
Bottndaiy,  BO  ins.  • 
XKiobw'i,  7d  tna.  > 
Hwriotfli,?Blna. 

68-4 
08-9 
06*9 
08-5 

09-5 
81-6 
58-6 
61*8 

08-4 
67-7 
60-9 
69*1 

70'3 
58-9 
Sfi-4 
68-0 

66-6 

61-8 
65*8 

68-  4 
61-4 

69-  0 

78-4 

68-1 
M*n 

w  V 

72-0 

61-1 
OS-6 

68*7 
32-8 
08-9 
08-7 

68-9 

3$-8 
36-1 

67-4 

5*-7 
33*8 

38-7 

6.1-5 
61-1 

73-4 

67-  7 

68-  1 
•0-1 

UN 

Alfred  Cnnwla  • 
ChmtWork  - 
BooUt  Wheal  TnnoM 
WertCandeu  -  - 

DaTer^ll.WIu■.  ■ 
Leeds'iflOlna.  - 
Xaniotfa.TSlu.  •  - 
ElUott'i.wlni.  > 

79-5 
7*  * 

66-2 

79-0 
07  V 
71-7 

79-S 
Vli  s 
70-5 
eao 

79*1 

01  1 

74- 8 

78-8 

n  7 
82-7 

79-2 
65*4 

08*8 
68-1 

79'I 

67-  7 
6S-1 

68-  7 

80-6 
67  4 
60-7 
63-4 

78-8 
61-2 
06-0 

Vo-2 
OS'O 
63-4 
78-3 

82-0 
68-7 
70-7 
68-0 

88-6 
62-9 

77-8 

89-6 

70-  4 

71-  7 
79-8 

UN 

Alfred  CooBoIi 
Great  Work  • 
Boath  WhealTnaeaa 
WeetCandon 

Davej'B,  80  tna.  • 
Leeds',  00  tna.  ■ 
Harriotts  75  Ins.  •  - 
BUtott'a.BOlH.  • 

88-6 
78*7 

80-6 
61-1 

70-4 

60-0 
76-8 
81 -0 

63*1 
70-8 

n-9 

08-8 
67-6 
«»-8 
79-8 

64-4 
68*2 

67*9 
70-8 

70'» 
68*8 

70'« 
71'0 

65-1 
68-9 
60*0 
77-6 

70-7 
65-6 
65-0 
70-3 

72'e 
69-2 
62-8 
69-8 

73*2 
66-0 
63*A 
75-0 

75-6 
64-9 
72-9 
63-8 

82*8 
68-2 
75*8 
81  0 

un 

AIAtmICoiuoIs  - 
WeetCandon 
Wheal  Ladcole  • 
WhealSeton  - 

Daver's,  80  ins. 
Elliott's,  50  Ins.  ■ 

«      OOlns.  • 
Tlil]r'i^70iU8.  . 

es'i 

64-  0 
60-9 

65-  7 

6S-4 
67-9 
71-8 
70-8 

69-  3 

ee-6 

68-0 

70-  1 

631 
03*1 
68-0 
68-6 

71-8 

68'e 

60-8 

71-4 
61-6 

oro 

69-8 
63-4 

e7'5 

C4-6 
68-5 
631 
66-3 

67-0 
72-7 
62-3 
60-9 

67*3 
73-3 
69-4 

631 

70-  8 

71-  5 
78-4 
61-9 

72-3 

68-1 
68-2 

78-8 
76-8 
78-4 
70*8 

ua 

AUMdConKih  -  • 
WeatCkndon 
QrertWork     •  - 
Wheal  SetoD  • 

Dnqr*4Wlna.     .  . 
ElUoU%ntns.  • 
Leeda*,flilns.      >  • 
TiU7'^75iiia.  • 

66-8 
63-0 
83-0 
70-0 

60-8 
60-8 
68*« 
68-0 

71-5 
64*9 
66-6 
97*8 

66-  5 
65-0 
08*6 

67-  1 

67-8 

69-  7 

70-  8 

74-0 
60-1 
78-3 

61-2 
79-1 
66-7 
68-3 

64-1 
74-9 
66-8 
69-7 

66-3 
82-1 

62-  0 

63-  6 

70-8 

64-5 
63-8 

78-8 
77-0 
67*1 
69-7 

78-9 
72-0 
63-4 
06-1 

76-8 
82-1 
88-7 

75-0 

un 

Boa th  Wheal  Traneefl 
WMtOHadon  - 
Wheal  Lodcote 
Oiuo  • 

Harriott's,  75  tna..  - 
Elliot's,  00  tna.  • 
Willoook'a.S»liiB. 
.  701H. 

71-1 
83-0 
67-7 

70-6 

61-8 
70*9 

71-1 

64-6 

70-1 

68*7 
67*8 
69-6 
78*6 

64-8 
66-9 
66*7 
71*4 

70-8 
«4-0 
60'S 
72*6 

71*2 
65-0 
67-8 
69-8 

62*8 
71-4 
69*4 
65-7 

65-5 
64-7 
78-8 

70-0 
66-4 

70-  9 

71-  4 

66-0 
74-8 
68-2 
68-7 

68-2 
67-6 
66-8 
71-8 

71*8 
88-5 
71-9 
78*8 

O  3 

Digitized  by  Google 


110. 


ON  VA8IE  IN  COUBUSnON. 


Bcfport  B< 


APPENDIX  0. 

G0BH18H  FoHnNO  Engorbb  doing  the  highest  Duty  in  each  of  the  Teart  from  1864  to  1870. 


jitnw  of  2Uiie< 

DeHripdim  of  Ikuine  and 
Diameter  of  Cylinder. 

Nominal 
Ibcsfrpomr. 

Aetoid 
^bn^'pover. 

Otmsnmptioa 
of  Coat  per 
HOTB6fower. 

Um.  nisei 
1  ft.  by  low 

otCoti 
(lis  lbs.) 

1864. 

1 

IbL 

nullionSi 

Crmne  - 

70  in.,  single         -         .  _ 

856 

45 

9-e 

77-7 

West  CarftdoD     -  - 

EUiott's  50  in.,  single   -         -  . 

j  130 

S» 

8M 

70*8 

Hoel  Seton 

TSIly'B.  70  in.,  linj^ 

958 

1 

83 

S-9 

1  76-8 

U65 

CSrasB      -        -        -  - 

70  in.,  single   -        -         -  • 

S56 

48 

3* 

78* 

Wfltt  CHmdon  <- 

Ellfot'a,  SO  in.,  single 

180 

87 

4- 

54- 

Hnel  Seton  -               -  - 

TUly'fl  70  in.,  aingle    -        -  - 

856 

41 

S>7 

81  >S 

1896. 

GzMtWoA  - 

Leeds,  60  in.,  itn^ 

188 

108 

3-8 

67 '6 

W.  <3iiTerton      -        •  - 

Hnwkfl^s,  80  in.,  sln^  -        -  - 

S85 

lis 

8-1 

70*6 

Hnel  Seton  - 

Tin^s  70  in.,  single 

156 

88 

8*  8 

78-4 

1867. 

Hnel  Seton         -  - 

Tilly's,  70  in.,  ungle    -         -  - 

ak(6 

41 

>-8 

78*8 

W.  Hnel  Seton 

Baxrefa,  85  in.,  single 

878 

66 

S'8 

77-9 

W.  QuTertoa      -  - 

Hswke's,  60  in.,  single  -        •  . 

835 

94 

8-6 

83'8 

1898. 

W.  Hoel  Seton 

Barrey's,  85  in.,  sinj^      ■  . 

878 

78 

a-9 

74'0 

Hnel  Seton  *      -        -  - 

TiUy's.  70  m.,  ringle    '         .  ■ 

856 

89 

3*9 

75*8 

Gt  Nth.  Domu 

Sleggmn's,  70  in,  lin^ 

S56 

56 

9' 

79*6 

1888. 

N>  Bnel  Crofiy    ~        >  •• 

n«nnson,  80  in.,  singj*        ~  * 

835 

108 

S-1 

70-5 

WeM  duTerton 

B^-wk^  80  ln.|  dngle      -  • 

885 

187 

8-0 

79-4 

QtN.Dowu      -        •  - 

SI<cgu%  70  in.,  dagle  . 

856 

114 

3-8- 

69-0 

1870. 

Oul  Seton 

lVegoning^TOiB.,ni^       -  . 

S58 

4S 

8*9 

75*4 

W.  Hnd  Selon    *        ■  - 

S78 

76 

S-9 

74 -9 

Weit  duTCrton 

Hsrrey's,  60  in,  tingle  - 

885 

48 

3:0 

79' J 
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appendix:  e. 

ToTAi,  Ndmbib  of  Cobuxsh  Smuc  Enodtbs  sefobtsd.  Coal  gonsdhzDj  and  Avibaoi  Ddtt,  from  1864, 

u  reported  hy  Mb.  TnoxAS  Leak,  Marazion. 


i 

1 

1 

4 

1 

1 

1 

1 

1 

1 

i 
)^ 

tit 

t 

< 

« 

1 

1 
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ON  WASTS  IN  COMBUSTION. 


APPENDIX  F. 
DuTT  or  WATEiRroBX6  Enoikes. 


Lbs.  of  Water 
lifted  one  foot 
high  with 
1  cwt,  of 
WeUhCofll 
(lis  Dm.) 


Lbs,  of  Coal 
used  per  acttud 
HorBe-power 
per  Hoar. 


Lbs.  of  Coal 
used  per 
indicated 
Horse-power 
per  Hour. 


Coal  coDiumed  '  Water  pomped 
in  the  ia  the 

84  Hoors.         S4  Honn. 


Chbuia  Waterwokxa.  Two  cbuUe 
ejltoder  engines.  B^ortcd  on  1^  Tbonias 
Haw  ksle^,  Esq.,  C-R 

Chblsea  Watbkvoxes.  Engbe  at 
Seething  Wells.  Beported  on  1^  Joshua 
¥1eld,  &q,,  <;.£. 


LunsTii  WjiTXRwoitEs.  Engine  at 
Thaaws  Ditton.  Reported  on  hy  Joshna 
Fldd,  Esq.,  CS. 

Lakbeth  Waterwobkb.  Two  doable 
CTlioder  engiaes.  Reported  oa  by  Thomas 
Hawkde^,  Esq..  CJB. 

Lakoeth  Watbkvdbks.  Two  engines  and 
pnmps,  Brixton  Pnmiang  Nation.  Beported 
oo  hj  John  Taylor,  C.E. 

BsBLtif  Watebworks.  Two  en^nes  aod 
pomps,  constructed  by  Simpson  and  Com- 
pany. Repeated  on  by  Heniy  Gil),  Esq., 
C.E. 


ui^sojaoo 

103,900,000 
97,064,894 
9S,500,000 
8S,4S0,6B4 

117,900,000 


1-99 


1*61 


Cwts. 


S55 


Gallons. 


tl,S87,90« 


aiO}      I  B,06O,SSS 


S'SS 


1-99 


t*400 


*  Those  eocenes  are  Tery  small  ones. 
GENffOAL  SuHHABT  OF  Engihx  Tbiau. — ^Watxrwobes  EsaissB, 


Coals  bamt 
Cwts. 

Honrs. 

Horae-power 
exerted  in 
PnDtp& 

Cwts.  per 
Horse-power 
per  24 
Hoars. 

Lbs.  of  Coal 
per  Horse- 
power pw 
Hoar. 

Doty  hi  MilliiHl 
Iba.  raised 
I  foot  high 

by  112  lbs.  of 
CoaL 

Foot  Oielsea  Engines,  A.  B.  C  D, 

850 

94 

N7>6 

•457 

8-18 

108*90 

Two  Chelsea  Engines,  B.  T.,  mnlla 
rednead  to  84  hwrs. 

105-6 

84 

847 

•4SS 

t'99 

111-35 

TwoBoUnEngiMs,  A.B.,  icaolta  rgdneed 
to  1  engine  and  M  hours. 

48*7 

84 

180-66 

-404 

1-88 

117*90 

APPENDIX  G. 

Whitwxll'b  Patent  Firs-brick  Stotis. 

Abstract  of  dmlar. 

It  is  now  acknowledged  by  all  connected  with  the  iron 
trade  that,  without  hot  blast,  iron  cannot  be  economically 
produced ;  it  has  also  been  proved  Hat  in  a  certain  ratio 
the  greater  the  temperature  at  fhe  blast,  the  greater  mil  be 
tiie  saving  in  fiiet.  Thus,  in  the  Clevdand  district,  where 
economy  m  working  is  stadied  as  mncb,  <xt  perhaps  more, 
than  in  most  other  iron  producing  districts,  it  has  been 
fbund  Ihat,  with  an  increase  of  eveiy  100  degrees  in  the 
temperature  of  tiie  blast  above  7^  d^iees,  a  saving  of 
1  owt.  of  ooke  on  the  ton  of  iron  inade  ms  been  effected. 
Hence,  in  order  to  produce  pig  iron  as  economically  aa 
possible,  it  has  become  necessary  to  {nrovide  a  very  laive 
and  expensive  plant  of  heating  stoves,  which,  even  on  the 
best  principles,  are  constantly  liable  at  high  temperatures 
to  give  way,  thus  causiiig  great  loss  bom  of  tune  and 
mone^. 

In  introducing  the  patent  fire-brick  stoves,  tiie  patentee 
does  so  with  confidence,  inasmoch  aa  firom  a  trial  pur  of 
these  stoves,  which  are  now  working  at  the  'llioraaby  Iron 
Yimkh  StooktoMn-TeM^  blait  of  «  nd  heat  is  obtuiud. 


These  patent  hot-blast  stoves  oontain  no  cast-iron  pipes, 
but  are  constructed  ot  firebrick  ganiater  or  other  rdnurttny 
material  (enclosed  in  iron  casing)  which  is  capable  of 
enduring  the  greatest  heat  that  can  be  obtained  from  the 
combustion  of  the  blast  furnace  gas  or  otiur  means,  whilst 
a  temperature  of  blast  is  obtained  which  would  be  im- 
possible in  any  store  constructed  with  cast-iron  pipes. 

In  wcffking  this  apparatus  two  similar  stoves  are  used, 
«hich,  1^  prefermee,  ate  of  a  Mnndar  Ibnnj  and,  whilst 
the  bUst  is  being  heated  in  the  one,  tite  oUier  ia  being 
heated  by  the  blast  furnace  gas;  when  a  su£B<^t  temple 
rature  has  been  obtained,  the  process  is  reversed,  the  blast 
is  introduced  into  the  stove  just  heated,  and  issues  there- 
from at  a  temperature  equal  to  that  ilnadT-  oommnnicated 
to  the  brickwOTL  by  the  ouming  gu,  vBtang  in  ftct  ovw 
the  self-same  snrfaces  over  much  the  gai  has  already 
travelled. 

The  cold  blast  is  iotroduced  at  that  end  of  the  store 
whence  the  products  of  combustion  have  previously  been 
passing  at  a  low  temperature  to  the  chimney,  by  which 
means  the  blast  is  gradually  heated,  so  that  when  it 
reaches  that  part  of  the  stove  which  is  red  hot  it  has 
attained  to  nearly  the  same  temperature,  and  issues  frtnn 
the  stove  as  above  mentioned  at  a  red  heat. 

'Ilie  vidves  are  so  arranged  as  to  allow  suflicient  air  to  be 
admitted,  to  bum  tiio  gaa  peifeotty,  by  vhidi  ncaai  tha 
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(jfas  is  oonsamed  with  an  economy  hitho^  uDattunable ; 
for  whereas  Id  cMt-iron  pipe  atoves  gas  issues  from  the 
chimney  at  a  heat  of  nearly  2,000  degrees,  in  these  stoves 
the  products  of  combuation  pass  into  the  chimney  at  a 
temperature  of  from  500  to  700  degrees,  the  difference  being 
absoibed  by  the  heating  suiiOuwSj  and  returned  to  the  bhut 
furnace  in  the  heat«d  maat. 


Mr.  Whitwbll 
foUows: —  ■ 


in  reply  to  our  inqui^  writes  as 


''Committee  B. 

April  26th,  1869. 
"  Your  esteemed  favor  at  ihe  22nd  is  cuily  to  hand,  and 
would  have  been  answered  sooner,  only  my  time  was 
greatly  oceu]^ed  witii  ^ench  and  Prussian  enjoneers,  who 
ctfme  ov«r  to  sea  my  stoves  atworh,  from  ureuzot  and 
Luxembourg. 

*'  A  large  plant  of  my  fire-brick  stoves  are  now  working 
at  the  (Sinsett  Iron  Co.,  Limited,  Works,  conaiatin^  of 
four  stoves,  each  22  feet  6  iuchen  diameter  by  25  feet  high, 
containing  9,000  square  feet  of  heating  surface  each.  Of 
these  two  are  on  blast  atid  two  on  gas  together.  They 
heat  the  blast  to  13-1,400  Fahrenheit.  The  tuyere  pipes 
are  red  hot,  and  the  economy  is  very  considerable.  The 
furnace  to  which  they  are  applied  had  formerly  a  large 
plant  of  five  pistol-pipe  stoves,  containing  about  9,000 
aquare  feet  of  heating  surface,  Gxei  with  coal.  The  fur- 
nace vraa  44  feet  6  inches  high,  both  20  ft;et  diameter, 
hearth  8  feet  diameter.  The  heat  cut  the  lead  sharp,  but 
rarely  touched  zinc,  or  about  750.  The  amount  of  coke 
used  was  25  cwt.  per  ton  of  pig  iron  made.  The  furnace 
is  now  56  feet  high  to  the  platform,  fitted  with  hopper  and 
cone,  Eo  that  the  working  height  is  still  about  46  feet. 
The  internal  dimensions  are  the  same.  She  has  five 
tuyeres,  and  now  uses  17  cwt.  of  coke  per  ton  of  iron,  as 
a^iunst  26  cwt.,  the  quality  being  fully  «jual  to  what  it 
was  before.  She  is  burdened  with  half  calcmed  Cleveland^ 
\\  hsematite,  and  works  very  regularly;  the  tuyeres  are 
always  bright.  The  saving  by  adopting  this  plan  at  the 
C^nsctt  Iron  Works  is  about  Ss.  6d.  per  ton  on  a  present 
make  of  300  tons  per  week,  to  be  shortly  increased  to 
about  400.  The  cost  is  the  same  as^the  most  powerful  cast- 
iron  plant,  or  rather  under.  The  hot  blast  on  Friday 
night,  when  Mons.  Bouvard,  chef  du  service  des  Acieries 
at  Creu::ot,  was  with  me  at  Consett,  melted  zinc  i  inch 
thick  in  2-3  seconds,  after  being  plunged  in  cold  water 
and  cooled,  and  instantly  lighted  a  hard  ash  hammer  shaft. 
The  tuyere  pipes  were  a  oright  cherry  red,  and  Hons. 
Bouvard  counaeied  that  the  heat  was  800  centigrade.  Being 
fire-brick,  llie  stores  cannot  be  dama^ied  by  any  heat  from 
Uie  waste  gases,  whilst  tibe  heat  being  derived  from  the 
sune  sources,  without  any  cost  atteodmg  it,  the  economy 
sononnts  to  a  very  large  sum  per  anntmi. 

"  I  have  pleasure  in  sending  herewith  phott^^ph 
showing  form  and  oonstmction  of  stoves, 

"  Yarn  very  tn^, 
**  Coal  Commisaion,  "  Thomas  Whitwxll." 

"  Museum  of  FlncUcal  Gedogy." 


APPENDIX  H. 

Robert  Hunt,  Esq.*  Coal  Commission,  Committee  E. 

Museum  of  Practical  Geology, 
Dear  Sik,  Jearmyn  Street,  London,  S.W. 

In  reply  to  your  note  of  ^e  20th  inat.,  addressed  to 
our  Mr.  H.  Vidccn,  we  beg  t6  give  yon,  os  follows,  the 
consumption  of  foel  per  ton  of  steel  nftuted  in  the  ordinary 
coke  store  mdting  fbrnaoe,  and  also  in  Siemens*  oucible 
gas  mdting  funaiot  j  mjr— 

In  ordinary  Coke  Furjiacet. 

Coke,  tons  2-50,  at  a  ooet  of  \h  19s.  lU. 
Coal  for  annealbig  arudUes,  tons  0*  19,  at  a  ooat 
of  U.  8d. 

A  9imm^  Crudile  Got  Aram. 

Coal,  tons  1  *80,  at  a  cost  of  \2s.  7d. 

We  would  remark  that  the  steel  melted  in  our  coke 
furnaces  is  of  a  much  higher  carbonization,  and  conse- 
quenUy  consiunes  less  fuel  per  ton  of  steel  melted,  than  the 
steel  melted  in  Siemens'  gas  furnaces,  and  that  for  the 
purpose  of  comparison  2&i  diould  be  ^ded  to  the  above 
wught  of  ooke  and  ooal  ioonumed  by  the  coke  furnaces. 
We  remain. 

Dear  Sir,. 

Wm.  G.  Coolxt. 


APPENDIX  I. 
List  of  Siemens'  Keoeneeatino  Fuiutaces. 


Approximate  i 
number  ' 

ofFumami  t 
AllSSS.  I 


Approximats 
I  Hiunber 
1  otFuruKes 
intSTO. 


Re-heating  and  Fuddling 
Furnaces. 
Messrs.  James  Russell  &  Sons, 
Crown  Tube  Works,  Wednes- 
bury. 

Messrs.  Sir  W.  Amwtrong  &  Co., 
Nftwcabtle-on-Ty  ne , 

The  London  and  North-western 
Rulway  Works,  Crewe, 

Messrs.  Thomas  Riohardson  & 
Sons,  Hartlepool. 

The  Mersey  Steel  aud  Iron  Com- 
pany (Limited),  Li\Trpool. 

W.  Dixon,  Esq.,  Qovan  Iron 
Works,  Glasgow. 

Messrs.  Thomas  Edingtun  & 
Sons,  Phoenix  Fotuid^,  Glas- 
gow. 

The  Sougland  Iron  Works,  France 
L'Arsenal  Imperial  de  Lorient  - 
M.  A.  Borsig,  BaUn 
Vulcan,  Stettin 

Messrs.  R.  &  W.  Johnson  &  Co., 
Bradford  Iron  Works,  Man- 
chester. 

Messrs.  Thomas  Firth  k  Sons, 
Norfolk  Works,  Sheffield. 

Messrs.  Eastons,  Amos,  &  A  nder- 
son,  Erith  Iron  Works,  Kent. 

The  Patent  lille  Company, 
Smethwiek,  near  Birmiagham. 

The  Mancheater,  Sheffield,  and 
Lincolnshire  Railmy  Com- 
pany, Gorton  Railway  Wwks, 
Manchester. 

Messrs.  C.  Cammell  &  Co. 
(Limited),  GrimesthorpeWorks 
ShefBeld. 

The  Manchester  RaiUvay  Steel 
and  Plant  Company  (Limited), 
Gibraltar  Works,  Newton 
Heath,  Manchester. 

Messrs.  Bury's  &  Co.  (limited), 
Regent  Works,  Sheffield. 

The  Bolton  Steel  and  Iron  Woriu, 
Bolton. 

Messrs.  Ph.  &  B.  Servus,  Treves, 

Rhenish  Flrussia. 
The  Banow  Hiematite  Sted 

Company  (Limited). 
M.  Grqfonni,  Lov^  Lombu^ 
Messrs.  Schneider  &  Co.,  Creusot, 

France. 
M.  Martin,  SireuO,  France 
Messrs.  H.  HoeUer  &  Co.,  Renda- 

burch. 

The  Monkbridge  Izon  Oaupuij, 
Leeds. 

The  Cleveland  Bolt  and  Nut 

Company,  Middlesbro'. 
The  Patent  Nut  and  Bolt  Com- 
pany (limited),  Newport. 
The  Pedroso   Iron  Gompaiqr, 

Seville,  Spain. 
The  Royal  Arsenal,  Woolwich  - 
Messrs.  Vkkers,  Stms,  &  Co, 

(Limited),  Sheffield. 
The  St.  Helen'B  Inm  Works,  St. 

Helen's. 
Messn.  Wuislow,  Gsnrald,  9t 

HoUey,  Troy,  U.S. 
The  Nashua  Iron  Company,  U.S. 
Owen's  Patent  Shaft  Company, 

Rotilierham. 
Messrs.  S.  Fox  &  Co.,  Sheffield 
Messrs.  }.    Hoeltm  &  Cie., 

Finniny,  Fiance. 
Messrs.  F.  F.  Verdi^  St  Co.,  Fir^ 

miny,  France. 
Messrs.  R.  Marsdui,  Sheffield  - 
Messrs.  Qallowi?  &  Co.,  Man- 

chestBT, 


6 

20 
o 

3 
1 
1 


3 
3 
,5 
.2 

ao 

3 

3 
10 

I 

40 

I 
6 

2 
1 

30 

1 
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B«artB.' 


1 
1 

10 
2 

1 
1 


Meun.  De  Wendel   &  Cie., 

Haranf^e  (France). 
Mr.  F.  Krupp,  Esien 
Fslva  Hiitte,  SilesiR 
Messrs.  W.  H.  &  6.  Dawes. 

Messrs.  Clay,  Innman,  Se  Co., 

Birkenheu. 
Nortib  of  EngUtnd  Raihray  Car^ 

mffs   and    Iron  Company, 

intenon* 
Messrs.  Daelen,  Schrieber,  &  Co., 

Bocfaum, 
Hie  Osnabruck  Iron  Company, 

Osnabruck. 
Mesara.  Thioll^  &  Cie.,  St. 

Chamond. 
Messrs.  Haiel  &  Cie.,  Vienne  - 
The  Dowlais  Ivon  Works,  Mo^ 

thyr. 

Messrs.  Dnpont,  Dreyfus,  ft  Co., 

Moselle. 
The   Landore  Siemens*  Steel 

Compuiy,  Swansea. 
Messrs.  Leach,  FUnran,  &  Co., 

Llanelly. 
The  Glasgow  Iron  Company, 

The  Famley  bon  Company, 
Leeds. 

MM.  Mazrell  &  Cie.,  lUve  de 
Gier. 

MM.  Langlois  &  Cie.,  Bassft- 
Indre. 

The  Ebbw  Vale  Company  (Limi- 
ted), Ebbw  Vale. 
West    Cumberland  Hiematite 

Iron  Company,  Workington. 
Mr.  Lebomie,  La  Rochette 
Dr.  Stronsbei^,  DOTtmnnd 
The  Fhrenix  Company,  Laar 
Impenal  Arsenal,  Constantinople 
Mr.  Jackson,  Coatbridge 
Koenigen  Maiienhutte,  Zuickau. 
Britannia  Company,  Middles- 
brough. 

Messrs.  Hannay  &  Sons,  Glasgow. 
Messrs.  Bigby  Be  Beardmore, 
Glasgow. 

Messrs.  SohuHz,  Knaudt,  &  Co., 
Essen. 

Messrs.  Jaooby,  Hawell,  &  Huy- 
Bsen,  Sterkrade. 

Messrs.  Bocker  &  Co.,  Gelsen- 
ktrchen. 

Messrs.  Baird  &  Co.,  St.  Peters- 
burg. 

Messrs.  R^vollier,  Bi^taiz,  Se  Co., 
St.  Etienne. 

Messrs.  Viellard,  Migron,  Be  Co., 
Morvillars. 

Messrs.  Nettlefold  &  Chamber- 
lain, near  Wdlington. 

M.  Bemardi^i,  N^ny  NovgOTod, 
Bnssia. 

Messrs.  Strabe,  Bros.,  Kolomna, 
Rnsaia. 
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STEEL  FURNACES. 

Mr.  Chas.  Attwood,  Stanners 

Close  Steel  Works,  Wdsing- 

faam,  near  Dariington. 
Mr.  Emile  Martin,  Sirenil 
MM.  F.  Krupp  &  Cie,  Essen, 

Prussia. 
M.  A.  Borsig,  Beriin 
MM.  Mayer  et  Cie.,  Styria, 

Austria. 
Dresdener  Stshl  Hfitte  - 
Carls  Hutte,  Frussia 
K.  Kaiserliehe  Hfitte,  Neubog, 

Styria. 
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10 
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20 

2 

2 
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4 
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16 
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12 
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MM.  F.  F.  Verdi^  et  Cie.,  Flr- 

miny,  Franoe. 
The  Monkbridge  Iron  Company, 

Leeds. 

Messrs.  Anderson,  Cook,  &  Co., 
Fittrinugli,  U.S. 

Hie  Bamnr  Hsamatite  8te^  Com- 
pany (limited). 

MM.  Jaoob  Hoeltier  ft  Co., 
Knuinr,  France. 

Messrs.  Csmmel  ft  Co.,  SheflBeld 

Messrs.  Cooper,  Hewett,  ft  Co., 
New  York,  N.Y.,  U.S. 

TVenton  Iron  Wwks,  Ttanton, 
N.J.,  U.S. 

Mr.  Nathan  Washburn,  Wor- 
cester, Mass.,  U.S. 

MM.  Claudinon  ft  Co.,  St. 
Etienne,  France. 

The  Calcutta  Mint 

MM.  ReroUier,  Bi^rix,  ft  Co., 
St.  Etienne,  France. 

M.  Talbot,  Saut  du  Tarn 

MM.  Viellard,  Migeon,  ft  Co., 
Morvillars,  France. 

Hie  Interoolonial  lion  and  Steel 
Con^ny,  Halifrx,  Nova  Scotia. 

Les  Forges  d'Alais,  Flranee 

Les  Forges  de  Ch^illon  et  C<xn- 
ment^,  Montluf  on,  France. 

Messrs.  C.  Sanderson  ft  Co., 
Hartlepool. 

MM.  de  Wendel  ft  Cie.,  Hay- 


The  Bolton  Steel  and  Iron  Works, 
Bolton. 

The  Titanic  Steel  ft  Iron  Co., 

Gloucester. 
Hie   Landore    Siemens*  Steel 

Works,  Swansea. 
The  Dowlais  Iron  Works,  Mer- 

thyr. 

Messrs.  Vickers,  Son.ft  Co.,Shef- 
fleld. 

Hie  L.  ft  N.  W.  RaUway  Co.'s 

Worits,  Crewe. 
Les  Aci&ies  d'Imphy  et  Seorin  - 
Messn.  Sdmeider  ftCo.,  Creusot^ 

Fnaioe. 

H.  Bemardaki,  Ni^ny  Novgorod, 
Russia. 

Messrs.  Erkenxweig  ft  Schwo> 

msnn,  Hsgen. 
Neusohottiand  ft  Co.,  Horst, 

near  Steele. 
Messrs.^  Slmbe,  &os.,  Ktdonma, 

Raswa. 


FLINT  GLASS. 

Messrs.  Llo^d  and  Sammcrfleld, 

Birmln^am. 
I/Usine  <»  Baooarat,  Ftauwe 
L*Unne  de  St.  Loois,  Taaec  - 
La  CUstallerie  de  M.  Maes,  k 

Cbchy,  Vsm. 
M.  Godard-Desmarest,  K  IWkm, 

France. 

La  Society  d'Herbatte-les-Namnr, 

Belgium. 
MM.  Imhert  et  Dnponohel,  Sars 

Potaries,  Fntnoe. 
MM.  Bunnn,  Sohver»,  et  Cie., 

Meisenthal. 
M.  I^erre  Regout,  Maastricht, 

Holland. 
Glas  Hutte,  Thslheun,  Austria  - 
Verrerie  de  Vall^sthal,  France 
M.  Polley,  Voitsboi^,  Austria  • 
M.  V.   Poncet,  near  Muskan, 

Prussia. 

M.  Boeok,  Gharlottenbnig,  Pm»- 
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Emilien  Hntie, 
Pruim. 

M.  StK^,  neu  RhdndMCg, 
FtiubU. 

H.  Strilaok,  new  Fosen,  Kiuma 
M .  Kaennichen,  near  Sprembeig, 
Prassia, 

M.    Hildcifaruidt,  Skecktiul, 
Fnuiis. 

Messrs.  Bnmin  &  Soais,  Fhihh 

delphia,  U.S. 
Mr.  E.  Edwards,  Birmingham  - 
liB  Cristallerie  de  Ljdd,  L/ons  • 
M.    DemorgnT,    i  "Wiguaiam 

(Nord). 

MM.  Imbert  &  Gie«  San  Foto- 
ries,  France. 


MUFFLES. 

The  Patent  GlaM  Enamel  Works, 

Binningliam. 
M,  Bapterosses,  Brian 

Mr.  Simuul  Walker,  Binaing- 
ham. 

M.  BniEon,  Tours,  France 
MM.  Utzscbneideret  Cie.,  Sam- 
guinea. 

Gneflich  Einsiedelache  Hutte, 
Frusaia. 

MM.  Ubeuf,  Maiet,  et  Cie., 

Creil. 
M.  Barbe,  Nancy 
M.  F.  Thomas,  Paris 
The  Calcutta  M&it 
Messrs.  D.  &  B.  RoUasson,  Bils- 

ton. 

Mr.  T.  Fran<AB,  Birmingham 
MM.  Dalifol  &  Cie.,  Paris 
Messrs.  Dubxenil,  F^ires,  Limoges 
Measn.  SuIHtui  &  Co.,  Widnes 


PLATE  GLASS. 

The  British  Plate  Glass  Works. 

Ravenshead,     St.  Helen's, 

Lancashire. 
L'UsDe  de  Saint  Qobuu,  France 
L'Usine  de  Cirey,  France 
L'Usine  de  Manheim 
L'Usine  de  Stolberg,  Prussia  - 
L'Usine  de  Montlufon,  France  - 
L'Usine  de  Recquignies,  France- 
Messrs.  Amelung  &  Co.,  aear 

Dorpat,  Russia. 
The  Union  Plate  Ghtss  Com- 

panr  (Limited),  St.  Helen's. 
HiB  "niames  Plato  Glass  Com- 

piOT,  licmdon. 
Hw  Lennox  Plate  Okas  Com^ 

panr,  Lennox,  Mass.,  U.S. 
Manunctore  de  Glaoes  d'Aniohe 

iNord),  France. 
Jaine  de  Jenmoni 
L'Usine  de  Ste.  Marie  d'Oignies 
L'Usine  de  Flore£Ee 
Manufiurture  de  Glaces  de  Rom, 

pr^  Charleroi, 
Messrs.  Stensel  &  Brien,  Alt' 

waaser,  Silesia. 
M.  F,  del  Mannol,  Courcelles  - 
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WINDOW  AND  BOTTLE 
GLASS. 

Messrs.  Chance,  Brothers,  &  Co., 

Birminffham. 
Messrs.  Powell  and  Ricketts, 

Phcenix  Glass  Bottle  Works, 

Bristol. 

Messrs.  Pilkington,  Brothers,  St. 

Helen's,  Lancashire.  ' 
La  Veirerie  Vop^lius,  Sarrebriiok 
M.  Frederick  SiemeDS,  Dresden  - 
The  Offenburgh  Glass  Works  - 
MM.  Broerdmon  et  Cie,  near 

Hambu^h. 
Mme.  Vve.  du  Qu^lar,  Mai- 

seilles,  France. 
M.  V.  Poncet,  near  Sprembnrgh, 

Prussia. 

M.  T.  Staiok,  near  POsen,  Bo- 
hemia.        ■  • 
MM.  Foerster  &  Co.,nearGriin- 

bereh,  Silesia. 
M.  V.  Borgstede,  near  Schiefelbein 
M.  V.  Koeller,  near  Gollnow 
Messrs.  Basniscb,  Menzel,  &  Co., 
Silesia, 

Messrs.  Bennert  &  Bivot,  Jumet 
The  Aniche  Glass  Works,  Aniche 
Messrs.  C.  Bernard  &  Cit.,  Bag- 
neauz. 


GOLD,  SILVER,-  ZINC, 
BRASS,  AND  LEAD. 

Messrs.  Dillwra  an3  Co.,  Lan- 

dm  SQto  Works,  Swansea. 
Les  Usines  de  la  Ville-Mont^gne, 

Bel^um. 

Les  Usines  de  Stolberg,  Prusna 

M.  Hickman,  Beriin 

The  Calcutta  Mint 

Messrs.  Newton,  Keates,  &  Co., 
St.  Helens. 

Antonien  HUtte,  Silesia 

Muldener  Hiitten,  Saxony 

Hmszs.  Sheldon,  Bush,  &  P.  S. 
Co.,  Bristol. 

Panlsbiitte,  Silesia 

La  Compagnie  Royale  Asturienne 
des  Mines,  Douai. 

Mr.  Samuel  Walker,  Birming- 
ham (Milling). 


OAS  WOBKS. 

The  Birmingham  Gas  Company, 

Birmingham. 
The  Pins  Gaa  Works,  Paris  - 


MISCELLANEOUS. 
The  Calcutta  Mint— 50  ftimaces 
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APPENDIX  K, 
SvvMkxr  of  Mills  uid  Fordbb  at  vobk  in  18tf9. 


APPENDIX  L. 

List  of  Wobkb  bAviiig  Be88B1I£B  CoNrzBTeos  in  6qba.t 
BRTTAut  in  1869. 


ComiTT. 

Kin. 

Worka. 

No.  of 
Paddling 
Pumacea. 

No.  of 
Hills 

Emu^  t 

Nortlumiberlttid  ... 

2 

66 

• 

Cnmberlftnd       •       ■       •  • 

i 

U 

10 

19 

92S 

5S 

ToiMitn  (Glcwriand  District) 

11 

476 

$4 

„       (Leeds  ftnd  Bntdlbrd  Sia- 
tiiet) 

12 

844 

5S 

.      (Sheffield  wd  Botberhoin 
District) 

10 

S7S 

M 

Derlqra&lre  .... 

S 

91 

18 

SoiDcfsBtAhii^        *           *  * 

10 

4 

South  Staflotdshifo 

110 

1,700 

Norte       d(h         •      •  . 

8 

414 

48 

gbrtvihire       .       .       .  ■ 

9 

SOS 

S9 

I^nouhire     >        -  * 

8 

170 

36 

NOBTHVJlX»       •       •       >  - 

S 

56 

6 

ObuactBBnaliira 

17 

SS5 

BS 

Bradmockahire        ■         ■  . 

1 

K 

4 

HonmonlluMra  • 

la 

4BS 

m 

BooxxAin)         •         .       >  - 

u 

ass 

44 

Voiil       •      •  . 

8S8 

IS 


H«ii7  Bessemer  aitd  Co,  StaefBeld    •  ^ 


John  Brown  md  Co.,  AMfM,Shetllo1d|^ 

Charles  Caounell  and  Co.,  Limited, 

Sheffield        •  ... 
Weardale  Iron  Co.,  Towl»w 
J.  U.  Howan  and  Co,  Atbw  Worki. 

Qlaagow        -  ... 
Samuel  Fox  and  Co.,  Demcar 
LloydB,  Poatcr,  and  Oo.,  Old  Park, 

Wednesbury       -  ... 
Bolton  Iron  and  Steel  Works,  Bolton 
LondoQ  and  North-weotem  BoUmgr. 

Cr«7e  ..... 
Lancashire  Steel  Co^  Gorton 
Mersey  Eteel  and  Irdn  Works,  Uyot- 

pool  • 
Honohester  Steel  and  BaDiraT  Pbntl 

Co.,  GUmltw  Works,  NmrtMtHMHi,  f 

HaooheBter  -) 

Barrow  Hnnattte  Steel  Oo.,  Banw  - 

The  Dowlal*  Ikhi  Co.  Dowltls 
Bbbw  Vale  Co,  Ebbw  Vale 

Ditto  ditto 
Bessemer  and  Sons,  Qreettvicb  ■ 
WoriuBgton  Iron  Works.  WorklngtMi 


Tons. 

Cwt 

s 

4 

1 

10 

10 

5" 

s 

3 

6 

6 

4 

2t 

1 

3 

8 

3 

S 

3 

4 

6 

8 

S 

8 

0 

8 

s 

4 

s 

« 

6 

4 

Dt 

6 

S 

a 

B 

1 

u 

a 

BssimiEB  WoBKS  in  ottier  Courtriss,  1868.* 

In  United  States  of  America     -      -   7  yroAt. 
„  France      -         -         -         -   6  „ 
„  Belgpnm         -         .      -  -l„ 
„  Prassia       -         -        .      .  7 
„  Aostria         -  -  -  10  „ 

„  Swedoi      -         -         -        -  18  „ 
»Riwia        -        -      -        •   1  „ 
India      -        -        -  -   1  „ 

*  On  the  anthorify  of  a  work  on  Bessemer  steel  issued  iridi 
the  sanction  of  the  Iron  and  Steel  Associatioa  of  the  United 
States.  CoRoborated  by  lb.  Henry  BesBoaer. 


BEPORT  OF  COMMITTEE  0. 

As  revised,— and  sent  to  the  Secretary  by  the  Chnrman  June  17,-Higreed  to  May  4,  1870, 

Presented  February  7,  1871. 

Beport  a     My  Lord  Duke, 

We  the  Commisuoners  who  were  ch(»eB,  on  the  7th  of  Jnly  1866,  to  be  a  Committee  to 
inquire  "  Whettheb  these  is  reason  to  believe  that  goal  is  wasted  by  bad  wokkino  ob  bt 
**  CABELESSNESS,'*  have  now  the  honour  to  report  to  the  general  body  of  the  Coal  Commisuon,  of 
which  you  «re  Chairman,  os  follows: — 

From  the  evidence  of  witnesses,  who  were  selected  for  their  experience,  as  well  as  from  our 
own  knowledge,  we  have  beason  to  believe  that  although  in  many  instances  waste  iu  workins^ 
is  reduced  to  a  minimum,  while  by  the  discovery  of  new  uses  for  email  coal  the  quantity  lefi  below 
gronnd  or  consumed  in  lai^e  heaps  upon  the  sar&ce  is  much  lessened,  and  while  generally  a 
manifest  improvement  is  being  made  in  the  working  of  coal,  especially  by  the  extension  of  the 
system  of  "  Long  wall,"  yet  that  coal  is  wasted  by  bad  wobking  and  by  cabelessmess,  and  that 
to  a  very  conaiderablo  amount  in  proportion  to  that  actually  used. 

The  loss  we  find  arises  sometimes  from  ordinary  circumstances  which  are  under  the  control  of 
the  oolliery  owners  and  workers,  and  sometimes  from  eztraorcUnary  circumstances  which  are  under 
the  control  of  others,  or  where  the  spedal  peculiarities  of  the  mine  render  the  loss  almost 
unavoidable. 

At  present,  under  favourable  systems  of  working  the  ordinary  and  unavoidable  loss  is  about 
10  per  cent,  whilst  in  a  large  number  of  instances  when  the  system  of  working  practised  is  not 
salted  to  the  peouliarites  of  tiie  seams,  tho  ordinary  waste  ai^  uws  amount  to  sometimes  as  modi 
»■  40  per  cent 

The  principal  cause  of  this  avoidable  waste  arises  fix>m  pillars  being  crushed. 
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In  addition  to  this  there  is  the  extraordinary  waste  or  loas,  whioh  is  variable,  but  sometimes  jety  Raporto. 

great,  arising  from  the  following  causes. 

1.  Much  small  cool  is  still  either  left  below  ground,  or  consumed  in  large  heaps  on  the  surface. 

2.  The  requisite  holing  or  uadermining  is  frequently  wostefuUj  mnde  in  good  conl. 

3.  The  whole  or  part  of  a  bed  of  coal  adjoining  or  lying  near  to  that  which  is  being  worked  is 
left  behincl,  where  it  becomes  crushed  and  unworkable  hereafter,  because  it  is  either  of  a  kind 
that  is  not  wanted  at  the  time,  or  if  it  were  worked  the  cost  per  ton  of  the  coal  got  would  be 
increased. 

4.  Properties  which  alone  are  too  small  to  form  a  separate  colliery,  or  a  small  part  of  a  property 
severed  by  a  large  fault,  and  in  consequence  passed  by  during  the  working  of  the  adjoining  coal, 
80  as  ultimately  to  be  crushed  on  the  removal  of  the  surrounding  coal,  or  from  the  adjoining  old 
workings  becoming  filled  with  water  which  it  would  not  pay  to  pump,  or  by  old  pts  by  which  it 
might  have  been  worked  being  filled  up. 

5.  Coal  is  left  unworked  through  contention  as  to  which  of  two  or  more  o  wners  should  pump 
the  joint  water.  Portions  of  seams  situated  to  tlie  dip  are  rendered  unworkable  in  consequence 
of  water  being  allowed  to  flow  from  other  properties  whou  it  might  be  run  off  either  by  free 
drainaf^e  or  pumped  at  a  shallow  depth. 

6.  The  whole  of  the  coal  in  a  colliery  opened  out  in  pillars  is  sometimes  inundated  by  a  c(»iridfli> 
able  river  estuary  or  the  sea  breaking  into  the  workings  in  consequence  of  the  removal  of  pillars, 
or  by  incautiously  working  too  near  the  surface.  Large  areas  of  coal  must  also  subsequently  be 
sacrificed  as  bai'riers  (gainst  such  inundated  workings 

7.  Barriers  are  left  round  small  properties,  or  crooked  boundaries,  whereas  if  a  barrier  wore 
properly  laid  out  it  would  be  more  economical,  and  afiford  the  same  if  not  more  effectual  protection. 

8.  Large  tracts  of  coal  of  uncertain  area  are  left  as  barriers,  owing  to  there  being  no  plans  or 
records  available  to  show  the  extent  of  the  old  workings  and  explorations.  Also  portions  or  areas 
of  coal  seams  are  not  sufficiently  proved  to  justify  the  expenditure  for  sinking  pits  when  sufficient 
information  might  have  been  obtained,  bail  the  records  of  previous  explorations  and  copies  ol 
the  sections  of  borings  been  preserved  in  an  avniable  form. 

9.  Strata  yielding  a  continuous  supply  of  -waXer  are  pierced  by  shafts  and  boreholes  which  are  not 
protected  by  watertight  casing,  or  not  carefully  filled  up  and  puddled  when  temporarily  left  off 
working  or  abandoned. 

10.  Main  faults  serving  as  natural  barriers  to  keep  back  water  are  cut  through,  and  the  coal 
on  the  other  side  is  thereby  flooded. 

11.  In  populous  and  manufacturing  districts  large  areas  of  coal  are  left  for  the  support  of  tho 
Buriace  and  buildings. 

Having  thus  pointed  out  the  sources  from  which  waste  of  coal  occiu^,  the  Committee  hesitate 
to  suggest  bow  far  the  Legislature  may  deem  it  expedient  in  the  public  interest  to  deal  with 
any  of  these  sources  of  waste  by  special  enactment. 

We  have  the  honour  to  be,  &c  &c. 
(^gned)      Joseph  Diokixson  (Ckodrmcm), 
j,  t.  woodhouse. 
Geo.  T.  Glabk. 
John  Geddeb. 
H,  HuasEY  Vivian. 
GBOKaB  Elliot. 

TUOS.  E.  FOBSTER. 

W.  O.  Abmstboko, 


His  Grace  The  Duke  of  Aigyll, 
Chaurman  of  the  Coal  Commisuon. 
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118  ON  THE  PBOBABILITY  OF  FINDING  COAL  UND£B  THE  PEBHIAN,  NEW  RED 

SAliDSTONE,  AND  OTHER  SUPEBINCUMBENT  STRATA. 


REPORT  OF  COMMITTEE  D. 

appcunted 

s^fl^J>'     To  inquire  into  the  Projiabilitt  of  Finding  Coal  under  the  Permian,  New  Bed  SandetouQ,  uid 

other  supemoumbent  Strata. 

Mt  Ix>rd  Duxb, 

Ods  Committee  held  16  meetings  between  1866  and  1869. 
The  earliest  of  these  meetings  was  necensarily  occupied  in  prepMatory  inqturies  axd  airangemraits, 
and  in  the  transmission  of  letters  to  those  persons  who  might  assist  us. 

England, 

On  entering  upon  the  special  duties  with  which  we  were  chiu^ed,  the  first  question  which  came 
nnder  our  examination,  referred  to  the  possibility  of  finding  coalfields  under  the  secondary  and 
tertiuy  deposits  which  occupy  the  southern  counties  of  England.  It  was  deemed  desirable  that  we 
should  first  dispose  of  this  question,  wliich  seemed  to  be  well  suited  for  eliciting  tho  speculatiye 
opinions  of  geolo^sts.  Thus,  whilst  the  Ohiurman  and  others  held,  and  still  hold,  a  decided  opinion 
as  to  the  high  improbability  of  any  productive  ooal  being  so  founds*  (see  note,)  Mr.  Godwin- Austen 
had  written  an  able  memoir  to  show  the  contrary,  and  his  view  was  supported  in  a  speech  of  Mr.  Hus- 
sey  Vivian  in  the  House  of  Commons.  The  grounds  on  whioh  both  sides  <^  this  theoretical  question 
are  supported  appear  in  the  evidence.  (See  D.,  pp.  2  to  49.)  As,  however,  the  point  has  not  been 
determined  practically  by  those  borings  through  the  younger  rocks  of  this  region  which  were  recom- 
mended by  some  of  our  Committee,  both  parties  abide  by  their  opmionsi  and  the  public  must  estimate 
the  value  of  the  evidence  on  either  side. 

A  most  important  portion  of  our  inquiries  was  that  which  was  directed  to  the  ascertainment  of 
the  areas  in  England,  particularly  in  the  midland  counties,  wherein  coal  might  reasonably  and  in 
some  cases  almost  certainly  be  found  beneath  various  red  deposits,  whether  of  Kew  Bed  Sandstone  or 
Permian  age, 'and  where  at  present  no  coal  is  worked.  This  object  has  been  carried  out  by  the 
labonrs-  of  the  Oeoh^^l  Snrv^,  and  -the  whole  subject  thoroughly  well  handled  and  ably  put 
t(^ether  by  Professor  Bamsay  in  the  following  part  of  this  Report  The  views  which  our  Com- 
mittee adopted  on  this  subject  were  further  corroborated  by  the  evidence  of  some  of  the  most 
eminent  British  geologists  whom  we  examined,  and  who  are  unconnected  with  the  Government  survey ; 
and  supported  by  the  opinions  of  such  men  as  Professor  Phillips,  Mr.  Pi%stwich,  and  Professor 
Harkness,  we,  had  no  hesitation  in  coming  to  the  condumon  that  very  extensive  tracts  ooonjned 
by  Red  formations}  vounger  than  the  coal,  will  in  future  ages  be  successfully  merced  to  obtain  vei^ 
Urge  supplies  of  fuel,  ^e  evidences  of  Mr.  Edward  Hull,  who  has  published  an  able  work  on  this 
branch  of  the  subject,  as  well  as  those  of  Mr.  Howell  and  Mr.  Green,  will  be  read  to  great  profit  by 
all  who  seek  to  be  well  informed. 

The  geuffl^  view  of  the  underground  extension  of  the  Coal-measures  beneath  the  Red  Sandstones 
and  Marl  in  the  midland  counties  of  England  is  not  of  recent  date.  Thus  our  Chairman,  Sir 
B.  Murohison,  refers  to  his  works  published  upwards  of  thirty  years  ago,  wherein  proofs  of  these 
relations  of  the  strata  were  given.f  But  the  real  value  of  the  labours  of  the  Geological  Survey 
in  reference  to  this  point  has  now  been  most  efficiently  brought  to  bear,  in  vastly  extending  such 
inferences  by  the  instructive  sections  selected  and  arranged  by  Professor  Ramsay,  and  which  are 
now  published  with  this  Report ;  sections  which  demonstrate  the  characters  and  thickne»ee  of  all 
the  overlying  red  deposits  wluch  cover  those  coalfields  which  at  some  future  day  will  unquestionably 
repay  the  industry  of  the  miner.  In  this  way  our  Committee  have  done  all  that  laid  in  their  power 
to  allay  the  fears  of  those  who  have  thought  that  the  national  supplies  of  fuel  must  terminate  when 
the  coalfields  already  recognized  shall  have  been  exhausted. 

Even  in  respect  to  well-known  coalfields,  parts  of  which  are  covered  by  younger  formations,  and 
wherein  coal  exists,  though  at  greater  deptns  than  in  the  present  workings,  the  special  labours 
of  one  of  our  Committee  are  highly  to  be  commended.  In  his  examination  of  the  Somersetshire 
coal  basin  (Bristol,  &a),  Mr.  Joseph  Prestwicb,  after  close  and  elaborate  work  in  special  maps 
and  by  detailed  sections,  has  shown  that  this  tract  alone  contains  an  amount  of  coal  which  if  worked 
to  a  maximum  depth  of  2,000  feet  will  suffice  for  the  consumption  of  the  district  now  supplied  by 
that  coalfield  for  «  period  of  850  years  at  the  present  rate  of  consumption.  The  evidence  on 
whidk  BO  cheering  an  estimate  is  founded  ^ven  in  tms  Report. 


*  Note. — See  memoir  "  On  the  parts  of  E^Iand  and  Wales  in  which  coal  may  and  may  not  be  looked  for  berond  the  known 
coalflelda."   Tranaactions  of  eections  of  the  BritiBh  Association,  p.  57,  of  the  Nottingham  Meetin^^  1866,  bj  Sir  B.  MibqUmu. 
t  Note.— See  Siltiritn  System,  MorchtKm'a,  (1888,)  pp.  S8, 466,  and  ooloored  MetUmi,  plate  37. 
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Seathnd.  BaportD. 

The  inquiry  as,  to  the  tracts  in  Scotland  wherein  coal  might  reasonably  be  looked  for  under  the 
Bed  Sandbtone  rocks  of  Permian  age,  was  placed  hj  the  Chairman  as  Director  General  in  the  hands 
of  Mr,  Archibald  Geikief  the  Director  of  the  Geological  Survey  of  Scotland. 

The  document  which  he  has  ably  prepared,  and  which  relates  particularly  to  Ayrshire,  DumfHes- 
^ire,  and  the  Solway  Firth,  is  given  in  the  sequel,  with  a  general  outline  map,  and  will  form  an 
appropriate  addition  to  the  practical  inquiry  of  Mr.  Geddes,  the  Commissioner  who  will  report  upon 
ul  the  known  coalfields  of  Scotland. 

VTfaether  or  not  any  considerable  quantity  of  coal  may  hereafter  be  extracted  from  beneath  these 
overlying  deposits  in  Scotland,  it  is  evident  that  where  it  exists  such  coal  can  only  be  reached  at 
considerable  depths,  and  cannot  be  worked  to  i^ofit  so  long  as  the  coals  of  the  great  carboniferous 
midland  Soottiui  trough  are  raised  at  lesser  depths. 

Ireland. 

Although  the  quanta^  of  coal  which  exists  in  Ireland,  or  may  in  all  probabili^  be  sought  for,  is 
so  very  small  when  compared  with  the  produce  of  the  coalfields  of  Great  Britain,  onr  colleague,  the 
late  Professor  Jukes,  had  collected  some  documents  to  enable  him  to  report  thereon,  when,  alas  !  his 
premature  and  lamented  decease  occurred.  These  documents  having  been  placed  hy  the  Director 
General  in  the  hands  of  Mr.  Edwiurd  Hull,  the  Director  of  the  Irish  Geol<^<»l  Survey,  a  Beport  of 
the  same  is  also  ^ven  by  him  in  the  sequeL 

We  remmn, 

My  Lord  Duke, 

Your  Grace's  Obedient  Servants, 

BODERICK  I.  MuROBisON,  Chairman. 


Sir, 

In  accordance  with  your  instructioiu,  I  have  prepared  the  following  Beport  on  the  probability 
of  finding  coal  undet  the  Permian  and  other  strata  of  Britain  north  of  the  Bristol  ooalfiela  Also  <tf 
Ireland. 

I  have  the  honor  to  be^ 
Sir, 

Tour  obedient  servant; 

To  Sir  Boderiok  Murchison,  Bart.,  E.G.B.,  &c,  Sbo.  Andbhw  C.  Baksat. 


BEFOBT  D  2. 

At  prepared  ijf  IVt^Mor  Samioy  at  tAe  reguett  of  the  Committee,  d£ay  12,  1870. 
In  the  following  pa^es  I  endeavour  to  state  the  general  bearing  of  the  evidence  given  before 
Committee  D.  respecting  the  Coal-measures  that  may  or  may  not  lie  beneath  the  Permian  and 
eeooodaij  strata  in  the  renon  north  and  north-east  of  the  Bristol  coalfield.  This  evidence  was  given 
^  Mr.  Hull,  D.  25-33 ;  Professor  Bamsay,  D.  51-76  ;  Professor  PhilKps,  D.  78-89 ;  Mr.  AroMbald 
G^ie,  D.  89-91 ;  Mr.  Henry  Howell,  D.  91 ;  Mr.  A.  H.  Green,  D.  92-93 ;  and  Mr.  J.  aifton 
Ward,  D.  93-95 ;  and  in  the  written  evidence  of  Professor  Harkness,  Mr.  Hull,  and  Mr.  Daniel 
Jones,  pp.  107-113. 

In  doing  this  it  will  only  be  necessary  occasionally  to  refer  to  the  detailed  evidence  of  the  gentlemen 
named  above.  In  some  minor  points  the  Beport  differs  from  the  evidence,  partly  owing  to  discoveries 
nnde  nnoe  tJie  evidence  was  given,'and,  in  my  own  case,  partly  to  further  considmtion  crif  the  snUect 

Immediately  north  of  the  Carboniferous  Limestone  that  underlies  the  Bristol  coalfield,  the  New 
Red  Marl  and  Lower  Keuper  Sandstone  lie  directly  upon  Silurian  rocks  and  Old  Red  Sandstone  as 
far  as  Furton  Pass^e  on  the  Severn,    North  of  Furton  Passage  these  New  Bed  beds  are  faulted 

r'nst  the  same  Paleeozoic  formations  till  within  three  miles  of  Newent,  and  on  the  east  of  these  in 
area  the  ge<do^cal  evidence  tends  to  show  that  rocks  older  than  the  Coal-measures  lie  directly 
beneath  the  secondary  strata.  At  Great  Bowlsdon,  a  mile  and  a  half  south-west  of  Newent,  a  ^n 
patdi  of  upper  Coal-measures  crops  out  between  the  Old  Bed  Sandstone  and  the  Lower  Keuper  Sand- 
stone, and  a  narrow  band  of  similar  poor  Coal-measures  peeps  out  at  the  base  of  the  Lower  Eeuper 
Sandstone  between  Eiloot  Grreen  and  Calow  Farm  in  a  sinuous  band  about  five  miles  in  length.  It  lies 
directly  upon  the  Old  Bed  Sandstone,  and  is  in  most  places  so  narrow  that  even  when  exaggerated  it 
is  bwely  disUnguiahable  upim  the  one-inch  map.  Thin  coals  have  occasionally  been  worked  along  this 
tract  in  shallow  pits,  but  as  a  coalfield  it  is  practically  worthless.  From  two  to  tiiree  miles  north,  at 
the  south  end  of  the  Malvern  Hilts,  the  Permian  rocks  lie  directly  upon  Old  Bed  Sandstone  and  Silurian 
strata,  and  on  the  east  side  of  the  Malvern  and  Abberley  Hills,  underneath  the  Permian  and  New 
Bed  strata,  it  is  possible  that  thin  patches  of  unproductive  Coal-measures  may  lie  upon  older  Palaeozoic 
strata,  dons  of  which  occur  in  tne  streaks  of  Coal-measures  that  lie  between  the  Permian  and  Old 
Bed  Sanastone  rocks  of  Berrow  Hill  in  the  Abberley  range  north  of  the  Biver  Teme.  North  of  the 
Abberley  range,  the  coalfield  of  the  forest  of  Wyre  spreads  out  over  a  large  tract  of  Old  Bed  Sand- 
stone, consisting  for  the  most  part  of  comparatively  poor  upper  Coal-measures,  and  13  miles  east  of 
tiie  eastern  side  of  the  forest  of  Wyre,  on  either  side  of  the  Quartz  rooks  of  Bubury  HiU  fhin 
patches  <^  nearly  unproductive  Coal-m^iBures  lie  directly  upon  Silurian  rocks  much  in  the  same  way 
that  the  thin  patch  of  upper  Coal-measures  Hes  on  the  Old  Bed  Sandstone  at  Bowlsdon  near  Newent 
It  is  therefore  probable  that  a  bank  of  Falssozoic  ground  between  the  Bristol  coalfield  and  the 
southern  end  of  the  South  Staffordshire  coalfield  imderlies  the  Permian  and  New  Bed  strata,  aod 
that  here  and  there  tiiin  patclies  of  upper  unproductive  CKwlrmeasnree  He  between  this  old  Paheo«»c 
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BapttttD.  bank  and  the  auperincnmbent  strata,  which  will  be  sometimes  of  Permian  nnd  sometimes  of  New  lied 
or  Triassic  ^e.  The  old  Palaeozoic  bank  beneath  the  Coal-measures  will,  I  believe,  consist  chiefly 
of  Upper  Silurian  rocks,  which  stood  above  the  water  when  the  lower  Coal-mejwures  were  formed 
elsewhere,  and  by  subsequent  subsidence  received  a  thin  sheet  of  upper  unjjroductive  Coal-measures 
here  and  there  upon  its  surface.  In  my  opinion  it  wiUj  therefore,  probably  be  useless  to  seardi  for 
available  coal  in  the  area  indicated,  underneath  the  New  Red  Sandstone,  and  the  same  .arguments 
may  apply  to  the  country  further  east 

In  the  lartre  extent  of  country  further  noi*th,  between  the  South  Staffordshire  coalfield  and  the 
Forest  of  Wyre  and  Coalbrookdale  coalfields,  the  probability  of  finding  important  Coal-measnres 
beneath  the  Permian  and  New  Ked  Sandstone  series  is  much  greater. 
EridenoeDsi.  By  reference  to  Section  No.  1,  it  will  be  seen  that  about  800  feet  of  upper  Coal-measures,  nearly 
Secti.Flatei.  nnprocimrtiiye,  lie  unconformably  on  the  Old  Red  Suidstone  west  of  Wars  Hill.  The  Coal-measures 
also  underlie  about  230  feet  of  Permian  rocks  on  Ware  Hill,  and  little  doubt  exists  that  they 
contain  no  coals  of  value.  The  precise  arrangement  of  these  Coal-measures,  where  concealed 
by  the  Permian  rocks,  is  uncertain.  From  Wars  Hill  the  section  passes  eastwards  across  the 
New  Red  Sandstone,  to  the  Pernnun  rocks  of  l^e  Clent  HiUs  and  Frankly  Beeches,  south  of  the 
South  Staffordshire  coalfield.  In  1868  shafts  were  sunk  at  Wassel  Grove  and  Manor  Farm,  in  the 
Coal-measures  very  near  the  south  end  of  the  South  Staffordshire  coalfield,  in  search  of  ihe  Thick 
coal,  it  being  assumed  that  the  measures  containing  all  the  coal-beds  north  of  Halesowen  would 
pass  under  the  Permian  rocks  that  bound  the  coalfield.  No  coals  of  any  importmce  were  found 
in  the  shafts,  and  at  the  bottom  a  conglomerate  occurred  formed,  apparently  of  Silurian  quartz- 
rock  pebbles  intermingled  with  stems  of  carboniferous  plants.  Beneath  tliis.  Upper  Ludlow 
rocks  were  found,  and  all  the  circumstances  seemed  to  indicate  a  thinning  of  the  Coal-measures  to 
the  Bonth  as  they  approach  the  bank  of  older  Palxozoic  rocks  already  mentioned  (see  also  section  1% 
pi.  3,  between  lJudley  Castle  Hill  and  tlie  Clent  Hills).  Under  these  circumstances  it  has  been 
considered  unsafe  to  suppose  that  highly  productive  Coal-measures  like  those  of  the  more  northern 
parts  of  South  Staffordshire  and  Coalbrookdale  would  be  found  in  the  area  underneath  the  New  Red 
beds  between  the  southern  half  of  the  forest  of  Wyre,  and  the  Clent  and  Lickey  Hills;  and  in 
section  No.  1,  the  thin  band  of  Coal-measures  from  600  to  900  feet  thick,  partly  rest^  on  Old  Red 
Sandstone,  is  intended  to  represent  this  opinion.  The  New  Red  Sandstone  series,  where  crossed  by 
the  section  varies  in  thickness  from  350  to  about  800  feet,  and  the  Permian  rocks  come  up  in  such  great 
force  on  the  Clent  Hills,  that  it  is  considered  likely  that  underneath  the  New  Red  series,  near  Broom, 
they  attain  a  thickness  of  from  800  to  1,000  feet,  thinning  out  perhaps  to  half  that  thickness  west- 
ward towards  Wars  Hill.  Along  this  line  of  section  therefore  oetween  the  forest  of  Wyre  nnd  the 
Clent  Hills  it  would  not  be  safe  to  estimate  the  depth  of  strata,  before  reaching  to  the  Coal-meaaures, 
at  less  than  800  feet  on  the  west  and  about  1,700  feet  on  the  east  near  Broom,  and  then  the  chances 
would  be  against  finding  good  productive  coal.  These  depths  ore  founded  on  the  assumption  of  the 
gradual  thickening  of  the  Permian  strata  underground,  oetween  Wars  Hill  and  the  Clent  Hills, 
assmniog  that  these  Permian  beds  nowhere  attain  a  greater  thickness  in  the  area  than  they  do  on  the 
Clent  Hills,  namely,  about  1,000  feet;  but,  as  north  of  Enville  higher  Permian  strata  thui  any  shown 
on  the  Clent  Hills  come  in,  it  is  possible,  though  unlikdy^  that  they  may  be  thicker  iJian  1^000  feet 
where  crossed  by  this  section  about  Broom. 

Proceeding  northwards,  the  probabilities  of  more  productive  Coal-measures  underlying  the  Permian 
fleet"*  *         and  New  R«^  strata  become  stronger.    The  Coal-measures  of  the  forest  of  Wyre  l£iokra  on  the 
*  '*  west  (as  shown  in  sections  3  and  4,  plate  1).    The  South  Staffordshire  coalfield  is  thinner  between 

Dudley  and  the  Clent  Hills  than  the  extremest  thickness  given  to  that  of  the  forest  of  Wyre,  and 
if  the  two  coalfields  unite  beneath  the  New  Red  and  Permian  strata  it  seems  likely  that  they 
are  not  of  very  great  thickness.  At  Compton  Hall,  near  Enville  Park,  upper  Coal-measures  of  no 
great  thickness  pass  under  the  Permian  rocks,  and  lie  directly  upon  the  did  Red  Sandstone.  It  is 
uierefore  unlikely  that  highly  productive  Coal-measures  will  be  found  anywhere  undemeatli  the 
Permian  rocks,  between  the  Severn  near  AlTeley,^and  the  fault  that  bounds  the  Permian  rocks  on 
the  east  near  Enville,  where  the  Permian  beds  are  supposed  to  be  about  1,300  feet  thick.  Bat  as 
we  pass  eastward  to  the  boundary  of  the  South  Staffordshire  coalfield  the  conditions  alter.  Between 
the  neighbourhood  of  Stourbridge  and  Wolverhampton  all  the  coals,  from  the  bottom  coal  to  the 
Upper  sulphur  cool,  occur,  and  in  the  midst  of  these  the  Thick  coal  itself  irequently  approaches 
and  touches  the  western  boundary  fault  of  the  coalfield.  Therefore  outside  the  fault,  which  has 
Sect.  4.  Ftato  1.  been  proved  to  be  a  down  throw  on  the  west,  the  productive  Coal-measures  of  the  South  Stafford- 
ETidotoe.  gjjjj.g  coalfield  may  be  expected  to  lie  beneath  the  Permian  and  New  Red  Sandstone  strata  for 
some  distance  to  the  west  between  Wordseley  and  Enville  in  the  neighbourhood  of  the  line  of  section 
No.  4.  It  seems  probable,  however,  that  before  reaching  the  Enville  country  the  coals  may  disappear 
in  the  manner  that  they,  have  done  in  South  Staffordshire  at  Wassel  Grove  and  Manor  Farm,  having 
thinned  out  undexgronnd  before  reaching  EnvUle. 

West  of  the  boundary  fault  at  Enville  Park  the  Permian  strata  ai*e  about  1,200  feet  thick,  and 
upper  Coal-measures  may  be  expected  beneath.  Fuither  north,  between  Enville  and  the  neighbour- 
hood of  Claverley,  about  300  feet  of  higher  Permian  strata  come  in  above  the  Breccia,  thus  adding 
to  the  thickness  of  the  Permian  formation  between  the  forest  of  Wyre  and  South  Staffordshire.  East 
of  the  fault,  therefore,  at  Enville  Park  (section  No.  4),  it  would  not  be  safe  to  estimate  the  Permian 
strata  at  less  than  1,500  feet  thick,  and  in  section  No.  3,  between  the  two  coalfields,  the  same  sort 
of  aj^iroximate  estimate  may  be  taken. 

In  section  No.  4,  the  New  Red  beds  where  thickest  under  Lawneswood  are  from  1,200  to  1,300 
feet  thick,  and  the  Goal-measures  between  the  fault  at  Enville  Park  and  the  faults  east  of  Worddey 
cannot  be  expected  at  a  depth  of  less  than  from  1,800  to  2,600  feet.    Close  to  the  western  boundair 
&iilt  of  the  South  Staflfordshire  coalfield  it  would  be  unsafe  to  expect  Coal-measures  at  a  less  deptih 
SecLS.FUt«l.  than  1,000  het,  for  in  this  neighbourhood  a  shaft  was  sunk  by  Mr,  Bond  in  Penman  strata  to 
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a  depth  of  840  feet,  without  reaching  the  Coal-meaanrda.  The  eame  kind  of  argument  must  be  need  B^pcvt  d. 
with  regard  to  section  3,  where  upper  Coal-measures,  east  of  Coton,  may  be  expected  at  a  depth  of  plate  i 
from  3W)  to  400  feet.  Under  the  Permian  rocks  they  must  deepen  gradually  to  the  eastwards, 
until  near  Kingswinford  it  would  be  unsafe  to  expect  Coal-meaaiires  at  less  than  from  2,000  to  2,300 
feet  beneath  the  surface.  In  all  probability  the  important  coal  beds  of  South  Staifordahire  must 
thin  out  underground,  somewhere  oetween  the  western  boundary  fault  between  Stourbridge  and 
Kingswinford  and  the  Permian  strata,  north  and  south  of  £nTille. 

A  few  miles  further  north,  section  6  crosses  the  country  from  the  Old  Eed  Sttindstone  near  Bridge- 
north  to  the  South  Staffordshire  coalfield  near  Sedgeley.  A  very  thin  narrow  band  of  upper  Saet  6.  Pl«t«  l, 
unproductive  Coal-measures  lies  unconformably  on  the  Old  Red  Sandstone  west  of  Bridgenorth,  and  ^*  *'* 
is  overUdd  by  Permian  strata,  which,  at  the  outcrop  immediately  beneath  the  New  Red  Sandstoney 
are  about  600  feet  thick.  The  whole  dips  eastwards,  and  it  is  probable  that  the  poor  quality  of  the 
Coal-measures  ma^  be  contuiued  to  the  east  of  Bridgenorth,  though  how  far  it  is  impossible  to  say. 
Gradually  deepening  to  the  east,  it  is  estimated  that  the  Cou-measurea  might  be  found  under 
Chickneli  Park  and  Claverly  at  depths  of  between  2,100  and  2,700  feet  In  consequence  of  a  fault 
and  an  anticUnal  curve  a  little  east  of  Claverly,  it  is  estimated  that  Coal-measures  might  be  reached 
at  a  depth  of  about  700  feet  by  piercing  the  Permian  strata;  and  Carbonifeious  rw^ks  gradually 
deepening  to  the  east,  may  lie  under  Kew  Red  Sandstone  and  Permian  strata  at  a  depth  of  about 
2,300  feet  under  OretoD  Hill.  Approachbig  the  Staffordshire  coalBeld  the  Permian  strata  are  partly 
faulted  on  both  sides,  and  on  the  east  arc  thrown  against  Upper  Silurian  rocks,  which  around 
Sedgeley  are  both  faulted  and  contorted  in  the  manner  shown  in  the  section.  But  as  the  Coal- 
measures  are  here  acddentally  nearly  conformable  with  the  Silurian  rocks  and  partake  of  th«r 
contortions,  and  as  the  thick  coal  was  found  in  a  shaft  a  little  south  of  the  line  of  section  on  ^e  west 
of  the  Silurian  Focks,  as  mentioned  by  Mr.  Jukes,  there  can  be  littie  doubt  the  Staffinrdshire  Coal- 
measures  extend  westwards  beneath  the  Permian  and  New  Red  Sandstone  strata.  How  far 
this  extension  will  continue  in  a  profitable  form  id  a  mere  matter  of  speculation.  In  the  midst  of  the 
Permian  strata,  south  of  Upper  Fenn,  the  Coal-measures  are,  with  mach  uncertainty  as  to  dep\h, 
supposed  to  lie  from  1,200  to  1,300  feet  beneath  the  surface,  and  assuming  that  the  whole  thickness 
of  the  cmlfield  underlies  these  Permian  rocks,  about  1,000  feet  of  CofJ-measures  may  be  expected, 
the  coals  in  them  by-and-by  disappearing  to  the  west  towards  Claverley  and  Bri^enorth,  either  by 
thinning  out  beneath  upper  Coal-measures  or  by  passage  of  coal-bearing  into  unproductive  strata. 

Near  Bridgenorth  upper  Coal-meaaures  marked  by  the  presence  of  the  Spirorbis  carbonarins  Lime« 
atone  continue  northwards  to  the  banks  of  the  Severn,  west  of  Apley  Park,  where  the  Coalbrookdale 
coalfield  properly  conrunences,  and  the  circumstances  begin  to  change,  for  the  Coalbrookdale  ctnlfield  con- 
tains representatives  of  the  chief  Carboniferous  strata,  namely,  Cariaoniferous  Limestone,  Millstone  Grit, 
and  Coal-measures  rich  in  beds  of  coal.  Between  Barrow  and  the  neighbourhood  of  Little  Wenlock 
the  Millstone  Grit  lies  on  Upper  Silurian  strata,  and  north  of  Little  Wenlock  the  Carboniferous  Lime- 
stone appears.  The  whole  of  the  coal-bearing  strata  above  the  Millstone  Grit  is  under  1,000  feet  in 
thickness,  rnther  thinner  than  the  Coal-measures  of  the  southern  half  of  the  South  Staffordshire  coal- 
field. North  and  east  of  Hucli  Wenlodk  the  strike  of  the  Silurian  rocks  seems  to  curve  round 
eastwards,  directly  underlying  firat  the  Millstone  Grit  and  then  the  Coal-measures  themselves,  and  it 
seems  probable  that,  without  the  intervention  of  Carboniferous  Lunestone  and  Old  Bed  Sandstone, 
Silurian  beds  may  underlie  the  superincumbent  strata  of  Coal-measures,  Permian,  and  New  Red 
Sandstone,  all  the  way  to  the  South  Staffordshire  coalfield,  where  they  are  seen  directly  underneath 
the  Coal-measures  at  Sedgeley,  Dudley,  Walsall,  and  tlie  Lye,  and  where  they  have  been  reached  in 
shafts  at  Wassel  Grove  and  the  Abbey  Farm  near  Halesowen.  They  nave  also  been  pene- 
trated on  passing  through  the  Coal-measures  in  Cannock  Chase  at  a  depth  of  1800  feet  As  highly 
productive  Coal-measures  occur  both  in  Coalbrookdale  and  South  Staffordshire,  we  have  to  consider 
if  these  are  likely  to  be  continuous  underneath  the  broad  tract  of  Permian  and  New  Red  Sandstone 
strata  that  lies  between  the  coalfields  over  a  breadth  of  12  to  18  miles. 

Ever  since  the  publication  of  Mr.  Jukes'  memoir  on  the  South  Staffordslure  coalfields  it  has  been 
known  that  the  thick  coal  passes  northwards  into  Cannock  Chase,  splitting  up  into  several  bands  of  coal 
separated  from  each  other  by  thick  masses  of  shale,  and  in  a  minor  degree  the  same  takes  place 
southwards.  As  stated  by  Sir  Roderick  Murchison  and  Mr.  Jukes,  the  southern  part  of  this  coal- 
field contains  more  beds  of  sandstone  than  the  northern  part,  due  probably  to  the  great  bank  of  land, 
already  mentioned,  that  rose  to  the  southward  of  Halesowen  and  Btret(med  north-west  towards  the 
Silurian  rocks  of  Shropshire  south  of  Coalbrookdale.  The  sandy  beds  were  deposited  near  this 
land,  the  shaley  beds  further  from  it,  to  the  north.  In  Mr.  Prestwich's  description  of  the 
Coalbrookdale  coalfield  the  same  kind  of  phenomena  are  insisted  upon,  namely,  that  the 
Coal-measure  strata  are  more  sandy  on  the  south,  bordering  the  old  Palteozoic  land,  than  they 
ue  in  the  northern  part  of  the  Coalbrookdale  coalfield,  and  in  this  respect  the  coalfields  res^ble 
each  other.  In  the  written  evidence  given  by  Mr.  Daniel  Jones  he  adopts  Mr.  Juke's  views 
with  respect  to  the  "  splitting  up  "  of  the  thick  coal  of  South  Staffordshire  between  the  Dudley 
country  and  Cannock  Chase  from  south  to  north,  and  illustrates  it  by  a  drawing,  from  part  of 
which  Diagram  No.  1,  p.  28,  is  copied.  He  then  attempts  with  great  judgment  to  correlate  the 
Coal-measure  strata  of  the  two  fields  between  the  "Pennyearth"  and  the  "Bleeding  Rock"  of 
Staffordshire  and  the  "Chance-penny  Stone"  and  Millstone  Grit  of  Shropabire,  as  shown  in 
IHsgram  No.  2.  He  beUeves  that  the  "  Pennyearth  "  and  **  Chance-penny  Stone  "  are  equivalents, 
that  the  "  Thick  coal  '*  of  Staffordshire  is  represented  by  sdl  the  coals  between  the  "  Fungus 
coal "  and  the  "  Yard  coal "  of  Shropshire ;  in  other  words,  that  the  Thick  coal "  passing  from 
the  north-weBt  into  what  is  now  the  Coalbrookdale  coalfi^  has  "  split  up  "  into  eight  beds,  in 
a  manner  dmilar  to  that  in  which  it  fau  "split  up"  in  paBsiiig nortibrm fron  the  Dudley  h4 

iMM.  Toil,  I  Q 

Digitized  by  VjOOQIC 


122  ON  THE  pBOBABiLrrr  of  vindino  coal  umdeb  the  pebmain,  new  bid 

SANDSTONE,  AND  OTHER  SUPERINCUMBENT  STRATA. 


B^oriD.  Bilston  ground  into  Cannock  Chase.  The  "Bubble  coal"  and  "  Heathen  coal"  of  Staffordshire 
he  considered  to  be  represented  by  the  "Flint  coal"  of  Shropshire,  the  "  Sulphur  coal "  of  both 
aroas  to  be  the  same,  the  "  Kew  Mine  coal  ^  to  be  represented  by  the  "  Clunch  coal "  of  Shropshire, 
t^e  " Firfr-clay  coal "  to  be  the  equivalent  of  the  "Two-foot  coal,"  and  the  ''Best  ooal**  and  the 
"  Bottom  coal "  in  two  bands  to  be  represented  in  Shrcnishire  by  the  *'  Handle  coal,'*  the  "  Clod  coal," 
and  the  "  Little  flint  coal,"  and  the  "  Mealy  grey  coal "  of  South  Stafibrdehire  to  be  the  equivalent 
of  the  "  Lancashire  ladies  coal "  of  CoalbrooKdale.  In  like  manner  he  attempts  to  identify  tne 
coals  of  the  Wyrley  pits  of  Cannot^  Chase  with  those  of  Lodgewood  in  Shropshire,  in  the  manner 
■  shown  in  Diagram  No.  3,  p.  28.  The  number  of  coals  is  the  same  between  the  Old  Bobins  coal  and  die 

Bently-bay  coal  of  Wixley  and  between  the  Fungus  coal  and  Yard  coal  of  Shropshire^  but  the  thicknesa 
of  the  ^alee  betwe^  the  beds  of  coal  in  Staffordshire  in  Cannock  Chase,  is,  in  the  aggregate,  nearly 
three  times  as  great  as  the  thickness  of  the  shales  at  Lodgewood  in  Shropshire. '  Though  me  questifm 
ia  somewhat  problematical,  the  evidence  seems  strongly  in  favour  of  the  general  correctness  of  the  new 
view,  propounded  by  Mr.  Jones,  of  the  correlati(m  of  the  strata  of  the  two  coalfields,  and  if  tiua  be 
deeii.  8,4,ft9.  bo,  it  becomes  evident  that  when  these  Coal-measures  were  formed  the  coalfields  were  united,  and 

^'  may  still  be  so  underneath  the  Permian  and  New  Red  strata  that  lie  between  the  coalfields. 
8ecti.6,7,6.9.  fa  deacnbmg  sections  Nos.  3,  4,  6,  it  has  already  been  shown  that  the  Coal-measures  must  underlie 
1  &  >•  the  Permifm  rocks  on  the  west  side  of  the  western  boundary  fault  of  the  South  Staffordshire  coalfield, 
and  tbe  same  kind  of  argnment  is  applicable  to  sections  Nob,  5,  7,  8,  9,  which  enter  the  South 
Staffordshire  coalfield  near  Sedgeley,  Fssington,  and  1^  mile  south  of  Cannock.  In  Cannock  Chas^ 
at  the  north  end  of  the  coalfield,  the  Coal-measures  are  well  known  to  pass  under  the  New  Bed  Sand- 
stone. Turning  to  the  Coalbrookdale  coalfield,  no  geologist  would  doubt  that,  dipping  to  the 
eastward,  the  Cral-measures  pass  unconformably  under  ^e  Permian  strata,  and  trials  made  near  the 
western  margin  of  the  Permian  beds  prove  that  this  is  the  case.  It  ia  therefore  qiute  possible  that  the 
two  coalfields  may  be  continuous  underground^  and  may  contain  numerous  beds  of  coal  north-east,  of 
a  line  roughly  drawn  from  the  neighbourhood  of  Satton  Maddock  in  Shropshire  to  Old  Swinford  on 
the  borders  of  the  SoMtAi  Staffordshire  coalfield.  For  the  moment  assuming  this  to  be '  the  case,  the 
probable  position  of  the  Coal-measures  in  the  area  between  the  coalfields  will  be  seen  by  referring  to 
sections  5,  7,  8,  9,  on  the  supposition  that  the  Permian  strata  are  also  continuous  underground 
between  tiie  two  areas.  Under  these  (»rcumatances,  in  section  No.  7  beneath  the  Permian  strata 
west  of  Lea  Coppice,  the  depth  to  the  Coal-measnres  would  be  nowhere  greater  than  about  800  feet, 
near  Beckbury  about  2,300  feet,  1,300  feet  of  which  would  be  through  New  Red  Sandstone  ;  near 
Patshull  Park  about  2,500  feet,  and  a  similar  depth  will  be  maintained  as  far  as  the  fault  east  of 
PennhiU,  where  the  Coal-measures  are  brought  somewhat  nearer  the  surface  between  two  faults. 

A  tract  of  Permian  strata  nearly  two  miles  wide  forms  the  snr&ce  west  of  Sedgeley ;  beneath  this 
the  depth  to  the  Coal-measures  probably  varies,  but  it  would  most  likely  be  unsafe  to  e:q>ect  Coal- 
measures  at  depths  of  less  than  800  feet,  and  from  that  to  from  1,200  to  1,500.  In  like  manner, 
assuming  the  Permian  strata  to  be  continuous  underground  between  Coalbrookdale  and  South  Stafford- 
shire, and  that  the  carboniferous  rocks  beneath  lie  in  the  form  of  a  concealed  baun  midway  under 
Wrottesley  Park,  then,  after  piercing  New  Bed  Mfurl,  Lower  Keuper  Sandstone,  and  the  three  lower 
divisions  of  the  New  Bed  Siandstone,  and  the  Permian  beds,  carboniferous  rocks  might  possibly 
be  reached  at  a  depth  of  2,800  feet,  by  degrees  rising  nearer  the  surface  as  we  approach  Coal- 
brookdale. East  of  Wrottesley  Park,  to  the  neighbourhood  of  Bushbury,  the  depth  to  tiie 
carboniferous  rocks  would  not  vary  very  much,  and  after  that,  broken  by  faults,  the  Coal- 
*^  ^         measures  may  be  expected  to  rise  towards  the  South  Staffordshire  coalfield. 

The  same  kind  of  argument  applies  to  section  9  between  the  north  part  of  Coalbrookdale  and 
the  South  Staffordshire  coalfield  near  Cannock.  In  this  section  a  broad  tract  of  New  Bed  Marl 
lies  midway  between  the  two  coalfields,  and  if  unbroken  by  concealed  faults,  the  depth  of  the  New 
Bed  Marl  at  the  Hawkshutt  will  be  about  600  feet.  Add  to  that  200  feet  of  Lower  Keuper  Sand- 
stone, 1,000  feet  of  New  Bed  Sandstone  or  Banter  beds,  and  1,300  feet  of  Permian  strata,  tiien 
oarboniferous  rocks  may  lie  at  a  depth  of  3,000  feet  beneath  the  surface.  Broken  by  faults,  these 
gradually  rise  towards  Coalbrook  Dale  on  the  west  and  South  Staffordshire  on  the  east. 

The  foregoing  conclusions  are  based  on  the  following  assumptions.  Ist,  that  the  New  Bed  Sandstone 
S****-  •»  7»  8,  beds  are  continued,  unbroken  except  by  faults,  wherever  they  are  shown  on  the  sections,  excepting 
flBtw  1  &  9.  where  the  Lower  Red  and  Mottled  Sandstone  thins  out  somewhere  underground  between  the  two  coal- 
fields, as  shown  in  sections  6,  7,  8,  9.  2nd,  that  the  Permian  strata  stretch  from  coalfield  to  coalfield 
between  South  Staffordshire  and  tike  Forest  of  Wyre.  Between  EnviUe  and  Wordesley  the  Permian 
beds  are  only  separated  by  an  intervening  space  o£  New  Sandstone,  under  four  miles  in  width  where 
narrowest.  But  further  north  near  Brewood,  where  the  Coalbrookdale  and  South  Staffordshire 
Permian  beds  are  separated  by  an  interval  of  more  than  12  miles,  the  case  may  be  different,  though 
it  may  be  that  the  chances  aT9  still  in  favour  of  the  Permian  strata  being  present.  The  third 
assumption  is  that  the  Coal-measures  are  present  in  this  area,  not  <nily  for  some  distance  undemeatii 
the  Permian  strata  on  the  borders  of  each  coalfidd,  bat  that  they  are  united  underground  beneath  tiie 
younger  superincumbent  strata. 

When  we  consider  that  the  Penman  strata  of  Sandstones,  Marls,  and  Breociated  conglomerate 
lie  nnoonfonnably  on  the  Coal-measures,  and  that  they  were  originally  deposited  upon  an  irrwilar 
BurfiKie  of  ground,  the  estimated  tbit^nesses  in  the  sections  are  not  to  be  rigidly  depended  on, 
and  it  is  quite  pouibU  tiiat  deep  benteath  the  surfabe  these  Permian  rocks  may  in  places  thin 
away  altogether,  and  thus  the  New  Bed  Sandstone  may  occasionally  He  on  Palsaozbic  rocks 
older  than  the  Permian  strata.  Furthermore,  as  the  -Carlioniferoue  rocks  and  the  strata  beneath 
tiiem  were  all  disturbed  and  more  or  less  wwsted  by  denudation  'before  the  deposition  of  the 
Permian  stcata,  and  «e  tiies^  fo^;ether  with  the  Permian  strata)  were  i^in  disturbied  and  wasted 
Inr  denudation  beforo  the  deposition  of  the  New  Bed  Sandstone,  it  is  qmte  pop sU>le  t|i|kt  Jwtween 
Ocwlbrookdale  and  Soatii  Staffotdahire,  Old  Bed  Sandstone  and  ^uf(^;^m 
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unknown  extent  crop  up  agtunst  the  Permian  beds  between  the  forest  of  Wyre  and  the  South  *"52^'** 
Staffordshire  coalfields  on  the  south,  and  that  Silurian  rocks  may  in  like  manner  crop  up 
against  the  Permian  or  even  against  the  New  Red  Sandstone  strata  between  the  Coalbrook-  |^|* 
Dale  and  South  Staffordshire  ooa^eld,  roughly  speaking  in  the  country  north  of  section  6.  No 
turfaoe  indications  in  the  country  occupied  by  New  Red  Sandstone  and  Kew  Bed  Marl  can  clear  up 
these  points.  Mr,  Marcus  Scot  in  the  Coalbrook  Dale  coalfield  has  described  what  is  known  as  the 
Symon  Fault,  from  which  it  appears  that  for  a  considerable  area  certain  beas  oi  upper  Coal- 
measures  lie  in  a  kind  of  hollow,  formed  by  the  denudation  of  a  lower  part  of  the  series,  and 
Mr.  Danidl  Jones  is  inclined  to  believe  that  this  denudation  extended  to  the  south-east  towards  the 
Glent  and  Lickey  Hills.  This  yet  requires  to  be  demonstrated,  and  we  liave  no  means  of  judging 
whether  »milar  phenomena  may  exist  deep  underground  between  the  Coalbrook  Dale  and  South 
Staffordshire  coalfields,  assuming  the  Coal-measures  to  be  continuous.  On  the  whole,  notwithstand- 
ing ^ese  uncertainties,  we  incline  to  thiuk  that  the  main  points  of  the  subject  have  been  fairly 
expressed  in  the  sections,  and  that  the  balance  of  evidence  is  in  favour,  both  of  the  Coal-measures  and 
the  Permian  rooks  being  continuous  underground.  Both  coalfields  were  once  covered  by  Permian 
strata,  which  also  were  overlaid  by  newer  deposits.  The  coalfields  have  since  been  exposed  by  a 
combination  of  faults  and  denudation.  On  the  east  and  on  the  west  they  pass  beneath  the  Permian 
beds,  and  may  still  lie  there  in  a  basin-like  form.  Though  uncertain,  the  balance  of  evidence  points 
in  that  direction,  and  in  searching  for  Coal-measures  it  would  be  quite  unsafe  to  ignore  the 
probability  of  meeting  with  thick  FermiRn  strata  at  any  point  beneath  the  New  Ked  Sandstone, 
excepting  at  the  north  end  of  the  South  Staffordshire  coalfidd. 

In  the  central  parts  of  the  country  between  the  two  coalfields  the  thickness  of  the  strata,  younger 
than  the  Coal-measures,  appears  to  be  bo  great,  that  it  will  probably  be  long  before  attempts  are  made 
to  pierce  them. 

I  now  proceed   to  the  country  west  of  the  Coalbrook  Dale   coalfield.    Between  Eaton 
Constantino  ^nd  the  Breidden  Hilk  there  are  three  patches  of  Coal-measures,  one  close  to  Eaton 
Constantine,  another  forming  the  Le  Botwood  coalfield,  and  the  third  the  Shrewsbury  coalfield, 
which  ranges  between  the  south-western  end  of  Haughmond  Hill  and  the  Severn,  east  of  the 
Breidden  Hills.    All  of  these  consist  of  upper  Coal-measures,  which,  though  locally  of  some  value, 
are  comparatively  unimpoi'tant.    The  little  coalfield  at  Eaton  Constantine  is  apparently  bounded 
by  faults,  and  it  lies  directly  on  altered  Caradoc  Sandstone.    The  Le  Botwood  coalfield  for  the 
'most  part  lies  on  Cambrian  rocks,  and  the  Shrewsbury  coiJfield  on  Cambrian  and  Lower  and 
Upper  Silurian  strata.    The  Le  Botwood  and  Shrewsbury  coalfields  are  both  overlaid  somewhat 
unconformably  by  the  Red  Sandstones  and  Marls  of  the  Permian  strata,  which,  where  unfaulted, 
pass  beneath  New  Red  Sandstone  which  lies  unconformably  upon  all  below,  eo  much  so,  indeed, 
that  it  has  been  stated  that  north-east  of  Wellington  in  boring  through  the  New  Red  Sand- 
stone th^  came  directly  upon  altered  Silurian  rock.    There  is  therefore  no  probability  of  coal  being 
found  underneath  the  New  Red  Sandstone  for  some  distance  north-west  of  the  fault  which  bounds 
the    Coalbrookdale   coalfield  between  the   neighbourhood    of   Donnington    and  Wellington. 
West  of  Wellington,  at  Wrockwardine,  a  mass  of  igneous  rock  is  seen,  surrounded  by  New  Red 
Sandstone,  which  Sandstone  is  also  believed  to  lie  directly  on  altered  Cambrian  rocks,  between 
Uppington  and  the  Wrekin.    Further  west,  Permian  strata  fie  directly  round  the  greater  part  of  the 
Cambrian  rocks  of  Haughmond  Hill,  and  though  possibly  patches  of  poor  upper  Coal-measures  may 
underlie  here  and  there  Permian  and  New  Red  Sandstone  strata  in  the  ground  between  Cound, 
Bayston,  High  Ercall,  and  Donnington,  yet  they  will  probably  be  unimportant,  even  if  indeed  they 
exist  in  this  area  at  alL    Neither  is  it  likely  that  any  Coal-measures  exist  immediately  east  and  north 
of  lh6  Cambrian  patch  of  Haughmond  Hill,  althot^h  it  is  certain  that  they  must  come  in  somewhere 
undei^round  between  that  place  and  the  North  Staffordshire  coalfield.    It  will  be  observed  that 
Millstone  Grit,  Carboniferous  Limestone,  and  a  patch  of  Cambrian  rocks  rise  to  the  surface  at 
LilleshatI  at  the  north  end  of  the  Coalbrook  Dale  coalfield.    It  is  therefore  impossible  to  say  how 
far  the  lower  Falseozoic  rocks  stretch  northwards  underground,  between  the  Longmynd  and  North 
Staffotdshire,  partly  overlaid  by  thin,  poor  Coal-measures,  and  partly  by  Permian  and  New  Red 
Sandstone  rocks,  without  the  intervention  of  any  Coal-measures  wluitever.    It  will  be  observed 
that  an  anticlinal  curve  of  Palteozoic  rocks,  broken  by  faults,  seems  to  run  from  Haughmond 
Hill  towards  the  south-west  end  of  the  North  Staffordshire  coalfield.    This  is  marked  by  a  line  of 
patches  of  Permian  rocks  appeg.ring  amidst  the  New  Red  Sandstone.    All  of  the  North  Stafford 
Coal-measures,  including  the  upper  unproductive  beds,  pass  underneath  the  Permian  rocks  on  the  Se«t  is. 
south,  and  are  con»derea  to  lie  in  the  manner  shown  in  section  No.  18,  plate  3,  between  Newcastie-  '* 
under-Lyne  and  the  neighbourhood  of  Madeley.    The  dips  of  the  Coal-measures  somewhat  flatten  as 
they  approach  the  south-west  angle  of  the  coalfield  near  Madeley,  and  it  is  considered,  notwith- 
standing the  Permian  unconformity,  that  the  Carboniferous  rocks,  nearly  entire,  may  underlie  the 
New  Red  and  Permian  strata  from  Tew  Clump  under  Berry  Hill  to  the  Nags  Head,  at  depths  the  Sect  is. 
maximum  of  which  under  Berry  Hill,  section  16,  may  be  about  1,300  feet,  and  firom  uie  Na^  I^*- 
Head  to  Winnington  Lodge  at  depths  varying  from  1,300  to  500  or  600  feet    As  these  Coal- 
measures  passing  south  must  thin  away  altogether  at  some  unknown  distance  to  the  north  of  Haugh- 
mond Hill,  they  must  either  bend  up  southwards  in  a  synclinal  curve,  or  else  be  cut  off  by  a  fault 
with  a  northern  down-throw,  somewhere  to  the  north-east  of  Haughmond  Hill,  which  supposed  fault 
would  be  concealed  by  overlying  Permian  and  New  Red  Sandstone  strata.    On  the  whole  the 
evidence  is  obscure,  but  such  as  it  is,  it  tends  in  the  direction,  that  it  would  be  unsafe  to  expect 
profitable  Coal-measures  south  of  a  line  drawn  from  the  neighbourhood  of  Moreton,  three  miles 
south  of  Oswestry,  by  Petton,  to  the  neighbourhood  of  Childs  Ercall,  and  so  on  towards  Newport^ 
n&x  the  north  end  of  the  Coalbrookdale  coalfield,  and  in  some  parts  of  this  area,  to  the  south  oi  tiie 
fine  indicated  abore,  it  is  eertain  that  not  even  unproductive  Coal-measures  voul4  be  found 
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B«pe«[t]>.     through  the  Femuan  and  Kew  Bed  strata.   It  is  possible.  howeTer,  that,  roughly  speaking,  produotiTe 
Coal-meaaures  may  lie  somewhere  between  Childs  Ercall  and  Madeley,  and  east  and  west  ^  that  line 

It  is  certain  that  approaching  the  Nortli  Staffordshire  coalfield,  between  Trentham  and  Hailcley, 
Coal-measure  will  be  found  probably  in  the  manner  shown  in  the  sections  16  and  18,  plate  3,  and 
they  may  be  expected  to  continue  further  south  under  varying  thicknesses  of  Permian  and  New  Red 
strata.  Also,  as  upper  Coal-measures  lie  at  Moddersball  in  the  manner  shown  in  section  No.  17, 
it  seems  probable  that  these  underlie  the  country  to  the  south,  towards  Stcne,  and  further  to  the 
west.  It  also  appears  probable  that  a  continuous  coalfield  may  underlie  the  Kew  Ked  and  Permian 
strata  all  the  way  between  Madeley  and  Moddersball,  and  the  north  end  of  the  South  Stafford- 
shire coalfield  near  Kugeley  and  Cannock.  If  this  be  the  case,  then  the  Coalbrookdale,  the 
South  Staffordshire,  and  the  Korth  Staffordshire  coalfields  are  united  underground  in  the  countiy 
bordering  the  Trent  above  Rugeley,  and  westward  to  Eccleehall,  and  northward  to  the  Norm 
Staffordshire  coalfield.  Underneath  liie  New  Red  strata  of  this  region  the  Permian  beds  may  be 
expected  west  of  a  line  drawn  from  the  country  immediately  west  of  Cannock,  and  &om  thence  to 
Moddersball  near  Stone,  and  the  depth  of  the  various  strata  above  the  possible  Coal-measures  may  be 
approximately  estimated  as  follows : 

New  Red  Marl  from  600  to  700  feet; 

Lower  Kenper  Sandstones  from  200  to  300  feet; 

New  Red  or  Bunter  Sandstone,  of  doubtful  thickness,  perhiq)8  about  1,000  feet;  and  the 
Permian  strata  have  been  sunk  through  near  Childs  Ercsll  for  827  feet  without  reaolung 
the  base  in  July  1871. 

I  have  now  to  consider  the  geological  structure  of  the  country  in  the  gr^t  undulating  plains 
of  Lias  and  New  Bed  Marl  lying  between  Grimshill  and  Hodnet  on  the  south,  and  Runoom 
and  Altrincham  on  the  north.  Middlewich  and  Nantwioh  lie  in  the  centre  of  this  Marl,  which 
is  bordered  by  New  Ked  Sandstone,  generally  lying  on  Permian  rocks.  The  question  is,  how  far 
Coal-measures  may  be  expected  to  underlie  these  strata,  and  what  is  their  thickness.  Three 
great  lines  of  section  running  from  west  to  east  have  been  drawn  across  this  county,  the  most 
Sect  16.  soathera  of  which  (No.  16,  plate  3)  runs  from  the  Denbighshire  coalfield,  aoross  the  Lias  near 
**  ^  Ightfield,  to  the  North  Stafibrd&hire  coalfield  near  Hanford.  The  Denbi^shire  ooalfield  dips  east 
under  the  Permian  rocks,  the  extreme  thickness  of  which  between  Wynnstay  House  and  Overtcm  ia 
estimated  at  about  1,500  feet.  The  whole  of  the  beds  of  the  New  Red  Sandstone  between  Little 
Rowley  and  Overton  are  estimated  at  about  1,600  feet,  and  above  these,  the  Lower  Keuper  Sand- 
stone from  300  to  600  feet,  and  the  New  Red  Marl  at  about  2,000  feet  thick  underneath  the  Lias. 
The  ihicknesB  of  the  Lias  is  quite  unknown,  but  where  tluckest  it  would  be  unsafe  to  estimate  it  at 
legs  than  500  or  600  feet    These  thicknesses,  except  the  last,  are  from  estimates  by  Mr.  HulL 

On  the  borders  of  the  North  Staffordshire  coalfield}  near  Swinnerton  Park,  the  Permian  strata  are 
thinner,  by  about  700  feet,  than  they  are  adjoining  the  Denbighshire  coalfield,  and  the  Lower 
Mottled  Sandstone  of  the  New  Red  series  is  believed  to  thin  away  altogether  underground  before 
reaching  "Winnington  Lodge,  as  shown  in  the  section.  Assuming  the  Permian  strata  undei^round 
to  be  continuous  between  the  two  coalfields,  they  have  been  drawn  as  getting  gradually  thinner  from 
west  to  east  Where  crossed  by  the  section,  the  upper  Coal-measures  of  the  North  Staffordshire  coal- 
field dip  under  the  Permian  strata,  and,  as  already  stated,  are  also  believed  to  pass,  with  the 
Permian  strata,  underneath  the  New  Ked  Sandstone  between  Madeley  and  Winnington  Lodge,  east 
and  west  of  which  there  are  several  faults  which  affect  the  strata  irom  100  to  600  feet,  or  iJiere- 
abouts.  If  the  Coal-measures  pass  westwards  as  far  as  Winnington  Lodge,  are  they  continued 
thence  underneath  the  Permian  strata  till  they  crop  out  agtan  in  the  Denbighshire  coalfield  ?  It  is 
impossible  to  answer  this  question  positively,  but  the  balance  of  evidence,  as  shown  in  D,  pp.  66,  67, 
points  in  that  direction.  Tliis  is  founded  on  the  assumption  that  underneath  the  New  Red  and 
Permian  series  of  Lancashire,  Cheshire,  Denbighshire,  and  North  Staffordshire,  the  Carboniferous 
rochs  lie  in  the  form  of  a  great  undulating  basin.  If  this  be  true,  it  would  nevertlieless  not  be  sale 
to  expect  to  find  Oonl-mensures  underneath  the  Lias  at  a  less  depth  than  between' 5,000  and  6,000 
feet,  east  and  west  of  which  they  might  gradually  approach  the  surface  in  the  manner  shown  in  the 
section,  perhaps  here  and  there  affected  by  faults  concealed  by  drift  which  thickly  covers  the 
oountry. 

The  reminder  of  this  question  as  it  affects  the  central  districts  between  the  coalfieldsi  will  be  most 
easily  approached,  by  first  referring  to  the  sections  on  the  north  connected  with  the  Lancashire  otwl- 
field,  between  the  neighbourhood  of  St.  Helens  and  Manchester  and  Stockport. 

In  the  neighbourhood  of  St.  Helens  the  Coal-measures  dip  south-east  underneath  the  Permian  and 
New  Red  strata.  Between  the  Permian  rocks  and  Millstone  Grit  they  have  a  probable  thickness  of 
Plitg5,  about  3,500  feet,  including  1,200  or  1,300  feet  of  upper  Coal-measures,  which,  as  shown  in  tiie 
Geological  Survey  map  80  N.W.,  and  in  section  No.  29,  plate  5,  underlie  the  Permian  strata,  llioogh 
much  obscured  by  drin,  there  is  reason  to  believe  that  the  New  Red  beds  flatten  to  the  south  and 
south-east,  and  if  tiie  dip  of  the  Coal-measures  continues  south-east  and  south  between  St.  Helens 
and  the  country  west  of  Manchester  we  may  expect  for  a  considerable  distance  to  find  all  the  productive 
Coal-measures  beneath  the  New  Red  series  at  depths  varying  with  the  distance  from  the  edge  of  the 
coalfield.  If  this  be  so,  towards  the  River  Mersey,  near  Warrington,  Carboniferous  rocks  might  be 
expected  at  a  depth  of  1,500  feet  or  a  little  more.  Bat  if  the  upper  Ooal-measures  are  present  all  die 
way  another  1,300 feet  would  reqiure  to  be  added,  before  reaching  "  Lyons"  coal.  The  coals  between 
"  Lyons  coal "  and  the  "  Arley  Mine  "  lie  in  a  thickness  of  strata  of  about  1,600  feet,  and  might  fairly 
be  expected  underneath  in  the  ground  crossed  by  this  section.  On  this  assumption  the  whole  of 
these  Coal-measures  will  gradually  rise  towards  the  surface  as  they  approadi  St  Helens  in  the  manner 
shown  in  tiie  section,  and  th^  estimated  d^th  from  the  surface  can  be  measured  by  the  scale  attached. 
Towaidi  th«  soutii-WBtiy  tiie  coming  on  of  newer  strata  mth  a  southerly  dip  would  thcow^  base  of 
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the  New  Red  Sandstone  2,800  feet  beneath  the  enrface  in  the  neighbourhood  of  Arley  Hall,  which  Beportp. 
Btands  on  New  Bed  Marl ;  and  if  Permian  rocks  be  present,  as  is  not  improbable,  it  would  be  unsafe 
to  expect  Carboniferous  strata  at  a  less  depth  than  3,000  feet  from  the  surface  It  would  not,  how- 
.  ever,  be  safe  to  assume  that  Coal-measures  necessarily  exist  in  the  ground  near  Arley  Hall,  North wicli. 
and  Middlewich  for  reasons  that  will  be  shown  in  consi.dering  section  No.  20,  plate  4.  ^' 

South  of  Bolton-le-Moors  the  whole  of  the  Coal-meaaure  strata  dip  und^  the  Permian  and  New 
Ked  beds  between  Leigh  and  the  neighbourhood  of  Manchester.  Tlieir  arranffement  immediately  east 
and  south  of  Leigh  is  shown  in  section  30,  plate  5,  where  they  dip  under  the  Permian  atratii,  near  ^^j"* 
Fhiladdphia  New  Colliery.  There  can  be  no  doubt  that  all  the  coal  beds  are  present  between  the 
*«WorBley4ft.  coal"  and  the  "  Arley  Mine,"  included  in  a  thickness  of  about  3,000  feet  ofCoal- 
measures,  and  beneath  these  the  Gannister  beds  and  Millstone  Qrit  must  lie.  The  Permian  strata 
are  there  about  350  feet  thick ;  the  pebble  beds  of  the  New  Bed  Sandstone  are  conndered  by  Mr. 
Hull  to  be  about  600  or  700  feet  thick,  and  these  are  succeeded  by  the  Upper  Red  and  Variegated 
Sandstone,  so  that  along  the  line  of  the  Manchester  and  Liverpool  Bailway  in  the  neighbourhood  of 
Glaze  Brook  and  Culcneth  Hall,  where  the  section  ends,  the  depth  to  the  Coal-measures  may  be 
from  1,000  to  1,400  feet  This  depth  would  probably  increase  further  to  the  south.  It  seems  not 
unlikely  that  upper  Coal-measures  may  lie  in  this  southern  part  of  the  section,  whicdi  do  not  crop 
out  in  the  ground  immediately  north  of  the  Permian  strata. 

Li  the  ground  between  Whitefield  and  Patricroft  Colliery,  section  25,  plate  5,  the  Coal-measures  dip 
three  times  underneath  the  Permian  and  New  Bed  strata,  the  whole  having  been  repeated  by  faults,  and 
it  is  evident  from  this  that  Coal-measures  must  exist  underneath  these  New  Bed  and  Permian  beds  at 
depths  w^ich  we  nowhere  greater  than  about  600  feet  As  the  upper  Coal-measures  along  the  borders 
of  the  coalfield  in  this  district  dip  underneath  the  Permian  strata  it  is  plain  that  tlie  whole  scries  °  ' 
from  the  Millstone  Grit  upwards  must  underlie  the  New  Red  and  Permian  series,  including  numerous 
beds  from  the  *'  Royley  Mine  "  up  to  the  "  Worsley  **  4  ft.  coal,  with  others  of  less  importance  both 
above  and  below.  The  question  is  how  far  south  this  rich  coalfield  may  be  expected  to  extend,  and 
it  is  in  the  highest  d^ee  probable  that  it  must  exist  beneath  the  Permian  and  New  Bed  strata  for 
several  miles.  If  so,  where  the  section  crosses  the  Irwell  the  depth  to  the  upper  Coal-measures 
would  probably  be  about  1,300  feet ;  at  the  Mersey,  where  crossed  by  the  section,  from  1,500  to  1,700 
feet,  and  in  the  neighbourhood  of  Partington  something  more.  Though  quite  possible  and  perhaps 
even  probable,  that  Coal-measnires  may  extend,  in  the  country  crossed  by  ^he  section,  as  far 
iouth  as  the  New  Bed  Marl  of  Soreton  Heath,  yet  doubts  may  arise  on  tins  pamt  which  will  be 
examined  Airther  on. 

The  next  section,  No.  21,  plate  4,  crosses  the  Lancashire  coalfield  north-east  of  ^nchester,  and  is 
carried  across  the  Permian  and  New  Bed  strata  as  far  as  Northwich.  The  general  arrangement  of 
the  strata  near  Manchester  somewhat  resembles  that  described  in  section  25.  The  whole  of  the  Coal- 
measures  may  be  expected  underneath  the  Permian  stnita,  repeated  by  faults,  if,  as  is  supposed,  the 
Coal-measures  that  dip  beneath  the  Pomian  beds  are  upper  Coal-measures.  In  the  patch  of  Coal- 
measures,  on  part  of  which  Manchester  stands,  the  uppermost  beds  with  limestone  bands  con- 
taining Spirorbis  oarbonariut  are  well  known,  underneath  which  lie  certain  beds  of  coal  from  the 
Openshaw  coal  downwards ;  and  all  the  lower  coals,  down  to  the  "  Boyley  Mine  "  and  still  lower,  may 
be  expected  below  these.  From  the  Millstone  Grit  upwards  the  coalfield  is  probably  about  7,500  feet 
thidc.  As  the  last  that  is  seen  of  the  coalfield  near  Manchester  has  a  south-westerly  dip,  and  contMus 
the  jj^nrorto  limestone  dipping  under  the  Permian,  there  can  be  little  doubt  that  the  whole  of  the 
Coal-measures  lie  underneath  the  New  Bed  end  Fennian  strata  for  a  considerable  distance  vest  and 
south-west  of  Manchester. 

On  the  north-east  side  of  the  fault  under  the  C  of  Manchester  upper  Coal-measures  might  be 
eiqiected  at  a  depth  of  about  from  1,200  to  1,600  feet,  gradually  shallowing  to  the  east  and  north-east. 
On  the  opposite  side  of  the  same  fault  the  depth  would  probably  not  bo  more  than  700  or  800  feet, 
gradually  deepening  towards  Chorlton-cum-Hardy  and  the  Mersey.  North-east  of  the  fault  that  lies 
between  Altnncham  and  the  Mersey  it  would  be  unsafe  to  expect  Coal-measures  at  a  les3  depth  than 
3,000  feet,  be^innin^  with  the  New  Red  Marl,  and  passing  downwards  to  the  base  of  the  Permian 
Blxata,  whilst  immediately  on  the  other  side  of  the  fault  they  might  be  expected  at  a  depth  of  about 
2,000  feet.  It  would  bo  unsafe  to  conclude  that  Coal-measures  occu{ned  the  whole  of  the  area  between 
the  neighbourhood  of  Altrincham  and  Northwich  for  reasons  to  be  explained  in  connexion  with  the 
description  of  section  20,  plate  4.  At  Northwich  the  thickness  of  the  Permian  and  New  Bed  strata  Sect.  so. 
may  be  estimated  at  3,000  feet,  though  it  is  by  no  means  certain  that  Permian  strata  would  be  there. 
The  thickness  of  the  New  Red  strata  is  here  about  2^700  feet.  The  remarks  applicable  to  the  description  Beet  si. 
of  section  21  near  Manchester  apply  equally  to  section  24,  for  there  can  be  no  doubt  that  all  the 
coals  of  the  coalfield  underlie  the  Permian  and  New  Bed  strata  between  Audenshaw  and  Mandiester.  |^^* 

The  next  section  (No.  22,  plate  5,)  runs  from  Hurst  Moor  by  Lndworth  Intakes,  Bredbnry,  and  Sect  as. 
Stockport  to  Altrincham.  The  part  of  the  country  most  important  in  this  inquiry  lies  at  Bred- 
bury,  T^iere  the  Permian  rocks  are  faulted  against  the  Coal-measures.  This  fault  is  believed  to  be 
dying  out  in  the  neighbourhood  of  Stockport,  and  ia  therefore  estimated  at  about  150  feet  The 
Coal-measures  on  the  east  side  of  the  fault  consist  of  Oanmster  and  Middle  Coal-measnres,  the 
former  bnng  about  950  feet  thick,  and  the  latter  about  1,400  feet  thick,  including  all  the 
coals  that  He  between  the  lower  Woodley  Mine  and  the  Black  Mine.  Southward  from  Man- 
chester, the  Permian  strata  are  clearly  gradually  overlapping  the  higher  Coal-measures,  and  an 
outlier  of  Permian  rooks  is  found  at  Torkington,  three  or  four  miles  south-east  of  Stockport,  not 
very  fax  from  the  base  of  the  middle  Coal-measures.  It  is  probable  therefore  tiiat  at  and  around 
Stockport  the  Permian  strata  lie  directly  on  Coal-measures  which  are  not  more  than  600  or  600  feet 
above  the  "  Black  Mine,"  and  it  seems  not  unlikely  that  the  lower  Coal-measures  near  Macclesfield, 
whidi  strike  westerly,  with  a  northerly  dip^  may  maintain  that  dip  underneath  the  New  Bed  strata  i 
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MepimiTt,  numing  N.W.  towards  Altrincham,  in  which  case  the  Millstone  Grit  would  follow  the  same  fine  (rf" 
strike,  lying  in  a  basin  shape,  between  Stockport  and  the  ground  near  Altrincham.  CoiJ-measures 
higher  than  those  in  the  neighbourhood  of  Stockport  might  under  these  circumstances  occur  on  the 
horizon  of  Didsbury  and  Northenden,  at  depths  of  from  2,000  to  3,000  feet.  In  the  interreniDg 
ground  in  the  neighbourhood  of  the  faults  sear  Heaton  Mersey  and  Heaton  Norris  they  might 
possibly  be  found  at  depths  of  about  1,000  feet  beneath  the  Permian  strata. 
Sect  39.  The  same  kind  of  argument  applies  to  the  Coal-measures  of  the  Poynton  coalfield,  underneath  the 

*■  Permian  strata,  as  shown  in  section  No.  23,  plate  5,  and  all  the  coal  beds  of  the  Poynton  coalfield,  and 

S«u  >!•  others  even  higher  in  the  series,  may  underlie  the  Permian  and  New  Red  strata  for  two  or  three 
PUm  ft.         miles  to  the  vrest  of  the  point  where  the  section  ends  at  Doghill  Green. 

Section  No.  31,  plate  5,  crosses  the  lower  Coal-measures  of  the  Kerridge  and  runs  westward  across 
Alderley  Edge,  and  as  the  Klillstone  Grit  and  Toredale  rocks  underneath  the  lower  Coal-measures  of 
the  Kerridge  curve  round  westwards  at  Macclesfield,  with  a  general  dip  a  little  east  of  north,  it 
seems  not  unlikely  that  the  top  of  the  Millstone  Grit  and  the  bottom  of  the  lower  Coal-meaeures 
may  crop  up  against  the  base  of  the  New  Red  series  under  Alderley  Edge,  thus  forming  a 
trough  of  lower  Goal-meaaures,  broken  by  &ults  between  Alderley  Edge  and  the  Kerridge  some- 
what in  the  manner  shown  in  the  section.  The  depth  of  the  New  Red  Sandstone  in  the  line  of 
section  may  je  considered  as  approximately  accurate,  but  though  it  seems  likely  that  the  five  coal 
beds  of  the  Gannister  series,  betxreen  the  Great  Smut  seam  and  the  Ribon  coa),  may  lie  in  a  basin- 
shaped  form  as  shown  in  the  section,  details  as  to  depth,  &c.,  must  be  partly  uncertain.  North 
of  the  line  of  section  tlie  base  of  the  middle  Coal-measures  may  lie  nndenieath  the  New  Bed  bed; 
somewhere  about  Adlington  Hall. 

This  brings  us  to  a  very  important  question,  which  I  now  proceed  to  discuss.  It  is  considered 
improbable  that  in  the  immediate  neighbourhood  of  the  Carboniferous  rocks,  Permian  strata,  in  '  any 
force,  will  lie  between  Bollington  and  the  country  for  five  or  six  miles  south  of  Congleton,  for  they 
are  rapidly  being  overlapped  by  the  New  Red  beds  west  of  Audley  in  North  Stafibrdshire,  and  do 
not  reappear  northward  until  we  come  to  the  neighbourhood  of  Poynton,  fbur  or  five  miles  south  oF 
Stockpiirr.  From  foregoing  descriptions  of  sections  and  by  an  inspection  of  the  Geological  Survey 
maps,  it  will  be  seen  that  the  North  Staffordshire  coalfield  lies,  at  iU  north  end,  in  a  basin-:jhaped  form, 
the  Millstone  Grit  and  Yoredale  rocks  rising  to  the  surface,  and  forming  the  country  east  of  the  New 
Red  Marl  as  far  north  as  Macclesfield,  where  the  same  rocks  dip  under  the  Cheshire  Coal-measnret:, 
with  a  northerly  dip.  The  Carboniferous  strata  were  thrown  into  this  form  by  disturbance  and  denu^ 
dation  before  the  deposition  of  the  New  Red  series.  This  is  made  evident  by  the  outliers  of  New 
Bed  Sandstone  at  Leek,  Endon,  and  Rushton  Spencer.  The  question  to  be  considered  is,  how  for 
the  unproductive  measures  may  extend  underneath  the  New  Red  beds  in  the  country  west  of 
Congleton  and  Macclesfield. 

On  the  confines  of  Flintshire  and  Denbighshire,  near  Harwarden,  Hope,  and  Hinera,  masses  <^  Car- 
boniferous Limestone  and  Millstone  Grit  divide  the  Flintshire  and  Denbighshire  coalfields  (eee  Map). 
The  ground  is  much  broken  by  faults,  but  in  the  main,  the  north  end  of  the  Denbighshire  coalfield 
dips  southerly,  whilst  part  of  the  Flintshire  coalfield,  near  Treiddy,  dips  nortlierly,  and  northerly 
dips  of  Millstone  Grit  and  Coal-measures  are  indicated  near  Kinnerton  Xiodge,  south  of  Broughton. 
Reasoning  on  these  circumstances,  and  on  the  arrangement  of  the  strata  in  the  country  near  Congleton 
and  Macclesfield,  Mr.  Jukes  supposed  it  posable,  or  even  probable,  that  a  great  anticlinal  saddle  of 
rocks,  older  than  the  Coal-measures,  may  rise  against  the  base  of  the  New  Red  strata  all  the  way 
from  this  part  of  Flintshire  to  where  the  unproductive  Carboniferous  rocks  abut  upon  the  New  Bed 
Marl  between  the  North  Staffordshire  and  Cheshire  coalfields. 

Mr.  Hull  has  given  evidence  before  the  Commission  to  the  same  effect,  and  he  has  also  expressed 
the  idea  in  the  map  which  accompanies  his  evidence.  On  this  suppositioD,  the  underground  con- 
0acto.  19,  so,  tinuation  of  the  Cheshire,  Lancashire,  and  Flintshire  productive  coalfields  would  be  separated  from 
the  underground  continuation  of  the  North  Staffordshire  and  Denbighshire  coalfields.  Assuming  a 
considerable  width  for  this  supposed  unproductive  ground,  sections  Nos.  19  and  20,  plate  4,  have 
been  drawn,  so  as  to  represent  this  uncertainty.  In  section  20  there  can  be  no  doubt  that  unpro- 
ductive beds  pass  westward  under  the  New  Bed  strata  in  the  neighbourhood  of  Marton,  while  Ckkal- 
measures  have  been  indicated  on  the  Flintshire  side,  to  the  west  of  Delamere  Forest  In  section  19, 
beneath  the  New  Red  and  Permian  strata  of  the  centre  of  the  basin,  the  section  is  left  uncoloured. 
Jn  section  20  the  depth  of  the  New  Bed  strata  alone,  where  deepest,  is  supposed  to  be  about 
3,700  feet,  and  in  section  19  at  least  5,000  feet  The  question  as  to  what  may  lie  underneath 
these  great  depths  is  therefore  at  present  of  little  practical  importance  over  great  part  of  the  area. 
The  evidence  of  the  section  on  the  Cheshire  and  Lancashire  nde,  Na  21,  plate  4,  would  tend  to 
extend  this  unproductive  area  underneath  the  New  Red  Marl  and  lower  strata  to  the  ground  between 
Knutsford  and  Altrincham,  from  whence  it  might  be  supposed  to  curve  south-westward,  through 
the  neighbourhood  of  Chester,  towards  the  south-east  end  of  the  Flintshire  coalfield. 

The  evidence  on  the  other  side  of  the  question  is  not  more  definite,  and  is  as  foUows.  On  the  west 
side  of  the  North  Staffordshire  coalfield,  about  2^  miles  south  of  Congleton,  a  small  boss  of  carbcmx- 
ferouB  limestone  rises  to  the  surface  in  the  centre  of  an  anticlinal  curve.  On  the  east  it  is  succeeded 
by  the  Yoredale  rocks,  Millstone  Grit,  and  Coal-measures,  and  near  its  western  dip  the  New  Red 
beds  are  faulted  agunst  lower  Carboniferous  strata.  Though  much  faulted,  it  is  evident  that  a 
low  part  of  very  productive  Coal-measures  partakes  of  this  anticlinal  curve,  and  abuts  on  the  same  &ult 
south  of  Mowcop  railway  station,  with  a  westerly  dip  of  about  45  degrees,  and  containing  numerous 
beds  of  coaL  There  can  be  little  doubt  that,  somewhat  sbifted  by  the  boundary  fault  of  the  coalfield, 
these  strata  must  underlie  Lower  Keuper  Sandstone  and  New  Red  Marl  for  some  distance  towards 
Aetbai^  near  Congleton,  and,  potnbfy  with  a  ourve*        may  be  continued  by  Chelford  and 
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Aldei4e^  to  jdn  the  lower  Coal-measures  and  MOletone  Grit  of  the  neighbourhood  of  Macclesfield.     B^nt  J>. 
In  this  case  ihe  Weldi  and  English  coalfields  that  sarronnd  the  New  Bed  idains  of  CheBbire» 
ori^nallj  one  great  coalfield,  may  still  be  united  underground.    On  the  whole  tne  first  hypothesia, 
which  personally  I  adopt,  appears  safest,  viz.,  that  it  is  not  one  continuous  coalfield. 

On  the  north-west  of  Chester  it  seems  probable  that  Coal-measnrea  underlie  the  greater  portion  of 
the  estuary  of  the  Dee  and  the  district  called  Wirrali  that  lies  between  the  Dee  and  tlin  Mersey ; 
and  the  d^th  to  the  Coal-measures  will  depend  on  the  thickness  oi  the  various  formations  of  the  New 
Bed  Sandstone  and  MarL  The  Iiower  Bed  and  Mottled  Sandstone,  as  shown  in  Mr.  Hull's  6-inch 
sections,  is  snpposed  to  be  about  600  feet,  the  pebble  beds  600  feet,  the  Upper  Bed  and  Mottled 
Sandstone  about  650  feet  thick,  and  the  Lower  Eeuper  Sandstone  400  feet  thick  ;  and  in  the 
event  of  borings  being  made,  the  depth  to  Coal-measures  may  be  estimated,  if  attention  be  paid 
to  these  data.  Half-way  dovn  and  near  the  mouth  of  the  estuary  of  the  Dee,  Millstone  Chrit  padses 
under  the  gravelly  flats  that  form  the  banks  of  the  estuary.  The  Carboniferous  strata  are  much 
faulted,  and  thrown  into  anticlinal  and  synclinal  folds,  between  the  neighbourhood  of  Englefield 
and  the  country  south  of  the  point  of  Ayr,  and  it  is  not  unlikely  that  part  of  the  bottom  of  this 

S'  trt  of  the  estuary  of  the  Dee  may  be  occupied  by  unproductive  strata,  while  in  such  a  faulted 
strict  miezpected  Carboniferous  and  New  Bed  formations  may  occur  anywhere  underneath  the 
estuary. 

Sectdon  No.  26,  plate  5,  runs  from  the  eastern  side  of  the  mouth  of  the  estuary  across  the  Wirral,  Sect.  86. 
through  Birkenhead  and  Liverpool,  to  the  Wigan  coalfield.  PUtefi. 

About  half  a  mile  east  of  Billinge  Beacon  the  Arley  Mine  "  dips  easterly,  and  about  2,000  feet  of 
Coal-meas'^res  lie  between  the  "Arley  Mine"  and  the  fault  half  a  mile  west  of  Billinge  Beacon,  containing 
several  thin  coals  of  the  Gannister  series.  Between  the  Billinge  Beacon  fault  and  the  fault  that  lies 
westerly  of  Cat  Lane  is  a  tract  composed  of  lower  Co^-measuref,  and  Coal-measures  are  supposed 
to  lie  between  the  latter  fault  and  Kainford  fault  on  the  west  of  Keade's  Mosa.  The  fault  near  Cat 
Lane  is  supposed  to  be  an  upcast  on  die  east.  Under  Windle  Moss,  Lower  Red  and  Mottled  Sand- 
stone la  beUeved  to  lie,  and  lower  Coal-measures  may  lie  below  this  sandstone.  yA.bout  three  and  a 
half  miles  south-west  of  the  boundary  fault  the  Coai- measures  of  Croxteth  Park  rise  through  the 
New  Bed  Sandstone,  dipping  easterly  under  the  Lower  Red  and  Mottled  Sandstone..  Their  uppermost 
beds  are  believed  to  be  upper  Coal-measures,  consisting  of  dark  red  and  purple  sandstones.  "  Further 
towards  the  west,  and  consequently  in  a  position  below  these  beds,  coal  has  formerly  been  worked 
in  at  least  two  places,  Bwinjfs  Park  and  Coal-pit  Hey,  traces  of  which  may  still  be  found  on 
the  ground.*** 

It  is  therefore  possible  that  productave  Coal-measures  may  underlie  the  whole  country  between 
the  Croxteth  Park  fault  and  ^e  Windle  Moss  fault,  as  shown  in  the  section.  The  thickness  of  the 
New  Red  Sandstone,  immediately  west  of  the  Windle  Moss  fault,  is  vaguely  supposed  to  be  about 
600  feet,  the  base  gradually  rising  towards  Croxteth  Park.  "  The  western  boundary  is  a  fault, 
by  which  the  New  Bed  Sandstone  is  thrown  down  on  the  west  against  the  Coal-measures,  the  di»- 
location  being  probably  not  less  than  400  yards."! 

'  Immediately  west  of  this  fault  the  New  Red  Sandstone  will  therefore  be  about  1,000  feet  thick, 
and  Coal-measui  es  of  some  kind  may  safely  be  expected  below,  and  perhaps  extend  from  this  under- 
neath the  New  Red  beds,  below  the  bed  of  the  Mersey,  and  through  the  Wirral  to  the  Dee,  at  various 
depths,  according  to  the  throw  of  the  &ult8  which  traverse  the  country.  As,  however,  the  New  Bed 
Sandstone  lies  quite  unconformably  on  the  Carboniferous  rocks,  it  is  impossible  to  be  quite  certain  on 
this  point.  West  of  the  Tue  Brook  fault  the  depth  of  the  New  Red  Sandstone  is  estimated  at  1,300 
feet,  and  east  of  the  Everton  fault,  at  about  700  feet.  Underneath  Liverpool,  where  crossed  by  the 
section,  the  thickness  of  the  New  Red  varies  from  1,500  to  1,700  feet,  and  under  the  Mersey  and 
Birkenhead  from  900  to  1,000  feet  From  Birkenhead  to  Noctorum  'Edge  the  New  Red  Sandstone 
is  believed  to  be  nearly  2,000  feet  thick,  and  under  Upton  about  2,300  feet.  Underneath  the  Red 
Marl  that  lies  between  Upton  and  Griesby  the  New  Red  strata  are  supposed  to  be  about  2,600  feet 
thick,  afler  which  they  rise  towards  the  estuary  of  the  Dee ;  and  half  a  mile  west  of  Beacon  Hill 
the  Lower  Red  and  Mottled  Sandstone  is  probably  not  more  than  400  feet  thick. 

Tn  Lancashire,  north  of  this  section,  it  is  doubtful  whether  Coal-measures  exist  under  the  greater 
part  of  tlie  area  occupied  by  the  New  Red  series,  but  there  is  great  probability  that  a  strip  of  Coal- 
measures  may  lie  underneath  the  New  Bed  Sandstone^  north-west  of  Croxteth  Park,  between  the 
upper  part  of  tiie  river  Alt  and  the  sea. 

Comparatively  little  is  known  about  the  Coal-measures  east  and  south  of  BickerstafFe  that  lie 
between  the  boundary  fault  and  the  Rainford  fault.  They  are  entirely  enclosed  by  faults,  and  it  is 
|)Ossible  that  the  same  beds  may  lie  underneath  the  New  Red  Sandstone  west  of  the  boundary  fault 
m  the  district  that  lies  between  Scarth  Hill  SE.  of  Ormskirk  and  MaghuU,  but  northward  of  this 
lower  Coal-measures  and  Millstone  Grits  lie  everywhere  in  juxtaposition  with  the  New  Bed  Sand- 
stone, and  it  seems  impossible  that  any  Coal-measures  lie  under  the  New  Red  and  Permian  series  near 
Ormskirk  up  to  the  Bibble,  and  northwards  from  the  Ribble  to  Lancaster  and  the  Carboniferous 
Limestone  of  Morecambe  Bay. 

The  foUowingremarks  on  the  relation  of  the  Coal-measures  to  the  overlying  rocks  in  the  ooalficld 
of  lugleton  and  Burton  in  North  Lancashire  have  been  contributed  by  Mr.  Tiddeman  of  the  Geologioal 
Survey. 

**  The  points  which  can  be  laid  down  with  certainty  in  reference  to  this  matter  are  very  few." 
"  The  range  of  the  outcrop  of  the  Coal-measures  in  this  district  is  somewhat  indefinite,  being  much 
covered  up  by  drifl  deposits,  and  the  sections  which  are  visible  are  not  all  that  could  be  desired,  but 

*  '*  Gcokffjr  of  Os  Coi^  maad  Pnsoot,"  by  Sdvud  Hnll,  VJOA,  Man.  dtol.  Sur.,  186S.  f  Ucm. 
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BwortD.  tbey  at  an/  rate  furnish  ua  with  these  facts,  viz.,  that  Coal-measures  uncovered  by  anj  other  later 
rock  exist  for  a  distance  aronnd  the  Permian  strata  of  from  one  to  three  miles,  except  on  the  north-east 
side,  where  the  Permian  willi  underlying  Coal-measures  is  faulted  against  the  lower  Carboniferous 
series  by  the  Great  Craven  Fault.  The  presumption  of  coarse  is  lhat  Coal-meaenrea  undorlie  the 
whole  of  the  Permian  area,  and  this  conoluuon  from  the  arrangement  of  the  beds,  where  we  can  see 
them,  is  almost  inevitable." 

"  Ttie  Permian  rocks  of  the  Lune  valley  consist  almost  entirely  of  Red  Sandstones  and  red  brecdas 
made  of  limcslune  fragments.  Their  range  is  pretty  well  defined  on  the  east,  moderately  soon  the  north, 
not  at  all  on  the  south  and  west  Their  boundary  has  there  been  inferred  as  fir  as  possible  from  the 
form  of  the  ground,  and  as  portrayed  on  the  Geological  Survey  Map,  ^  dieet  98  S.E.,  they  ©over  an 
area  of  1680  acres." 

"  The  existence  of  coal  under  the  Permian  beds  is  not  yet  ascertained.  From  the  range  and  lie  of 
tbe  Coal-measures  around  the  Permian  rocks  dipping  everywhere  towards  it,  there  is  great  probability 
that  the  same  Coal-measures,  which  are  worked  along  the  Greta  and  at  Ingleton,  dso  underlie  the 
Permian  beds,  and  that  higher  Coal-measures  also  oome  on." 

"  A  section  of  the  measures  of  Ingleton  and  Barton  as  eiven  by  I*rofea8or  Phillips  (GeoL  of  Yorkf.) 
from  the  notes  of  Mr.  Hodgson,  a  mining  en^neer,  furnishes  material  for  the  following  table  of  CQti- 
measures  and  seams : — 


Measures 


Pot  day 
Measares 


82 

Coal 

31 

Coal 

4 

Coalt 

4 

Coalt 

28 

Coal 

54 

Coalt 

3 

Coalt 

80 

Coal 
4  ft. 

290  f^. 


1 
1 

4  Main  coal  or  Fonr-foot  Mine 

2 

1ft  6in. — 1ft.  Sin.  Crow  coal. 
6ft.— 9fL  6  foot  or  deep  coal. 
2ft. 
2in. 

Maximum  of  sum  of  coal  seams  20ft.  10  in. 
Minimum  17ft.  Sin." 


"  The  produce  of  the  four  workable  seams  (denoted  thus  t  in  the  above  table)  was  calculated  by 
Professor  Phillips  at  20,000  tons  per  acre." 

"  The  acreage  of  the  Permian  area  being  1,680,  tliis  would  give  us  a  total  of  33,600,000  tons  of  coal 
under  the  Permian  rocks,  without  including  the  produce  of  higher  beds,  which  possibly  may  oome  on 
northwards  above  the  beds  which  have  been  worked  along  the  southern  outcrop  in  the  neighbourhood 
of  Ingleton  and  Black  Burton.  The  analogy  of  otlier  coalfields  would  bear  us  out  in  this  supposition. 
On  the  other  hand,  it  was  stated  some  years  ago  by  Mr.  Hodgson  (quoted  by  Professor  Phillips) 
tliat  the  outcrops  of  the  thick  coals  die  out  towards  the  west  near  Black  Burton,  but  the  evidence 
for  this  statement  is  not  given  clearly.  Of  course  if  this  be  so  they  might  also  be  dying  out  towards 
the  north,  but  there  are  no  data  to  prove  or  disprove  this.  The  Permian  beds,  as  seen  in  the  Gill  above 
Weethouse,  give  a  thickness  of  470  ft.,  but  it  is  probable  that  in  some  places  it  is  greater,  and  towards 
the  edges  of  the  Permian  boundary  it  is  of  course  much  lesa" 

"  There  are  at  present  no  data  for  determining  the  thickness  of  the  Coal-measures  nor  the  depth  of 
the  bearing  beds  (if  they  do  bear)  beneath  the  Permian.  Tbe  dips  are  so  variable  in  amount,  and 
changeable  in  direction  at  the  only  available  sections,  that  any  calculation  would  be  tiie  merest  guess 
work  and  of  no  value  whatever." 

"  In  conclusion  I  may  say  that  I  think  this  coalfield,  in  its  northern  extent,  has  never  had  a  fur 
trial.  The  trials  which  have  been  made  were  either  very  limited  in  depth  or  in  places  where  they 
might  by  any  one  who  has  studied  the  subject  be  expected  to  be  failures." 

It  is  believed  that  there  is  no  likelihood  of  Coal-measures  occurring  underneath  the  New  Bed  Sand- 
stone iu  the  Vale  of  Clwyd,  excepting  posubly  at  its  mouth  about  three  miles  east  of  Bhyl, 
where  it  has  been  stated,  I)  31  q.  349,  Coal-measures  of  some  kind  were  found  in  a  boring  through 
tlie  New  Red  Sandstone,  which  has  since  been  abandoned.  As  there  is  reason  to  believe,  D  74,  q.  634, 
that  the  Anglesea  coalfield  was  once  united  to  the  Flintshire  coalfield  till  separated  by  denudation, 
and  as  the  Carboniferous  Limestone  between  the  Vale  of  Clwyd  and  Great  Ormes  Head  and  PuflSn 
Island,  Anglesea,  in  the  main  dips  northerly  at  low  angles,  it  is  possible  that  a  coalfield,  perhaps 
overlaid  by  Kew  Ked  Sandstone,  may  underlie  the  sea  for  a  considerable  distance  northwards,  towards 
Liverpool  Bay.   But  this  is  not  a  question  of  practioal  importance. 

It  is  well  known  tiiat  all  the  ooals  oi  the  Anglesea  coalfield  underlie  the  Permian  locks  in  that 
island. 

I  now  come  to  the  examination  of  the  evidence  respecting  the  probable  occurrence  of  Coal- 
measures  beneath  the  Permian  and  New  Bed  strata  that  lie  l^tween  the  South  Staffordshire  and 
the  Warwioksbire  coalfields.   Some  parts  of  the  labject  ue  iavolTed  in  mooh  difficulty,  and  a  brief 
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Btatemwt  of  the  relatiinu  of  the  Coal-meaeures,  Fermiiui  md  New  Bed  stnta  to  each  other  in  the  BMiMctSL 
Warwickshire  district  znay  help  to  ma^  the  matter  plainer.  Between  FlmdeiB  Hall,  3^  miles  south 
of  Doethill,  ortd  the  country  1^  miles  souUi  of  Bedworth,  the  Fermmn  strata  lie  very  nearly  con- 
formably OD  those  uppennoet  Coal-measures  that  overiie  the  Spirorbid  Limestone,  but  at  the  eouthem 
end  of  the  visible  coalfield  the  Fermian  beds  appear  to  overlap  the  Spirorbis  Limestone^  and  the  unooh- 
formity  between  the  Fermian  and  Coal-measure  strata  increases.  The  lower  Kenper  Sandstone  lies 
very  unconformably,  alike  on  the  CarbcAiferous  and  Permian  strata,  and  the  approzinwte  conformity 
of  the  Carboniferous  and  Fermian  strata  at  the  oatcrop  of  the  latter  along  itH  boundary  on  the  east 
and  north  <^  the  coaWeld  indicates  that  both  Coal-measures  and  Fermian  fivmatatms  had  been  much 
disturbed  and  denuded  before  the  deposition  of  the  Lower  Keuper  Sandstones  and  MarU.  This  is 
rendered  plain  by  the  fact  that  between  the  neighbourhood  of  Nuneaton  and  FolediiU  the  Lowtf 
Keupw  ^indstone  rests  on  all  the  strata  between  the  Millstone  Grit  and  Fermian  inclnnra  At  the 
soti^  end  of  the  Fermian  rocks  between  Kenilw<ni^  and  Warviok  it  lies  on  the  uppermost  known 
Pmoian  rocks  of  the  district,  near  Berluwell  on  strata  probably  a  little  lower,  and  thou^  it  is  thrown 
against  Fermian  strata  between  Berkswell  and  Maxtoke,  by  a  small  fault,  there  is  reason  to  believe 
that  it  overlapped  the  whole  of  the  Fermiui  formation  in  tiiat  direction.  The  north  end  of  the  coal- 
field is  bordered  by  Juower  Keuper  Sandstone,  faulted  agidnst  the  Coal-measures  ;  other  faults  border 
the  Coal-measures  and  Fermian  strata  throu^out  a  great  part  of  their  extent,  and  some  intersect  the 
Fermiati  strata,  as  at  Arley.  The  latter  are  older  than  the  depositiim  of  the  Keuper  Sandstones  and 
Marls,  and  it  may  be  that  some  of  those  which  border  the  Coal-measures  and  Fermian  rocks  may  also 
be  older  than  the  deposition  of  the  Keuper  beds,  and  have  been  repeated  at  a  later  date. 

Section  No.  1,  plate  1,  baa  already  been  described  between  the  Forest  of  Wyre  and  Frankley  Sect.  I.  FUto  l. 
Beeches,  and  the  question  to  be  treated  of  is,  what  strata  underlie  the  New  Red  Maxl  and  Fermian  beds 
between  Lower  Tinkers  and  the  neighbourhood  of  Bedworth,  and  the  country  south  of  that  tomrds 
Coventry,  Kenilworth,  and  Warwick.  The  Coal-measures  underneath  Frankley  Beeches  and  Lower 
Tinkers  are  believed  to  be  the  equivalents  of  the  thin  and  nearly  unproductive  Coal-measures  shown 
on  either  side  of  the  Silurian  strata  of  Rubury  Hili  Near  Lower  Tinkers  the  Fermian  brecm  is 
overlud  by  the  pebble  beds,  agamst  which,  on  the  cast,  the  New  Bed  Marl  is  faulted  by  a  long  ncvth- 
east  fault,  which  runs  from  the  neighbourhood  ui'  Rubury  Hill,  through  Birmingham,  to  near  Sntton 
Coldfield.  There  can  be  no  doubt  tJiat  underneath  the  Marl  the  Lower  Keuper  Sfuidstone,  Upper 
Red  and  Variegated  Sandstones  and  Pebble  beds  will  be  found,  and  beneath  the  latter,  Fermian  strata 
will  also  occur.  On  the  east  side  of  the  fault  beneath  these  strata.  Coal-measures  cannot  be  expected 
at  a  less  depth  than  about  1,800  feet,  and  they  wotdd  probably  be  thin,  poor,  and  unproductiTe.  It  is 
ocnnmonly  believed  that  several  well-known  beds  of  coal  in  Cannock  Chase,  between  the  Eanngton 
coal  and  Bentley  Hay  coal  inclusive,  gradually  approach  each  other  and  coalesce,  so  as  to  form  the 
thick  ooal"  of  the  southern  half  of  the  South  Staffordshire  coalfield.  It  has  already  been  stated,  that 
the  "thi<^  coal**  thins  out  towards  the  extreme  south  of  the  coalfield,  being  absent  in  the  pits  sunk 
at  Wassel  Grove  and  Manor  Farm.  In  like  manner  the  five  chief  beds  of  coal  that  run  between 
Colesworth  and  Bedworth,  in  the  Warwickshire  coalfield,  gradually  approach  each  other  in  proceeding 
firom  north  to  south,  and  finally  coalesce  at  Hawkesbury  Colliery,  before  passing  under  the  Lowei 
Keuper  Sandstone,  under  which  they  continue,  as  far  as  at  present  known,  in  the  same  condition,  to 
Wyken  Colliery,  a1>out  two  miles  B.N.E.  of  Coventry.  This  resemblance  between  the  two  coalfields 
can  scarcely  be  accidental,  and  it  is  considered  not  improbable  that  the  bank  of  Silurian  ground  which 
rises  towards  the  unproductive  Coal-measures  of  the  south  end  of  the  South  Staffordshire  coalfield 
D»y  be  continued  eastwards  beneath  the  New  Bed  and  Fermian  strata  towards  tbe  conntry  in  Uie 
neighbouriiood  of  KenilwOTtb.  On  this  supposition  the  Coal-measures  above  the  dotted  line  between 
Lower  Tinkers  and  the  outlier  of  Lias  near  Knowle  are  kept  thin,  and  are  marked  as  probably 
beii^  underlaid  by  Silurian  strata  or  other  locks  older  than  the  Coal-measures,  and  this  condition, 
ns  already  stated,  may  continue  further  to  the  east. 

Between  the  Lias  and  the  neighbourhood  of  Bedworth  the  section  runs  £.  32^  N.  Near  Bedworth 
the  five  beds  of  coal  of  the  Warwiokshire  coalfield  are  still  ^tinotly  separate  but  getting  closer 
together.  About  600  feet  of  upper  coal-measures  lie  between  the  uppermost  or  "  four-foot  coal  and 
the  base  of  the  Permian  strata.  The  whole  of  the  coalfield  dips  westerly  beneath  the  Fermian  strata, 
and  may  be  expected  to  underlie  the  latter  across  its  whole  breadth.  As  the  coals  coalesce  between 
Bedworth  and  Wyken  to  the  south,  it  is  quite  possible  that  the  same  may  take  place  in  their  passage 
west  towards  Meriden.  If  profitable  Coal-measures  continue  westward  underneath  the  Permiaii 
to  the  &ult  near  Meriden,  they  may  also  be  expected  on  the  west  side  of  that  Iknlt  for  an  uncertain 
dktance  towards  the  outlier  of  Liaa  East  of  tne  fanlt  at  Meriden  the  depdi  to  the  coal  measures 
would  be  probably  between  1,100  and  1,200  feet,  and  if  the  approximate  conformity  between  the 
Coal-measures  and  Permian  is  not  changed,  the  first  workable  cod  seam  might  be  expected  500  or 
600  feet  lower.  Underneath  Coriey  Church  the  depth  to  the  Coal-measure,  is  about  900  feet,  from 
thenoe  gradually  shallowing  to  the  eastern  edge  of  the  Permian  strata. 

The  soutii-east  end  of  section  5,  plate  1,  runs  from  the  Rowley  Hills  across  tiie  Fermnn  and  other  5,  1. 
rocks  at  Lappal  Tunnel.  East  of  the  Rowley  Hills  the  thick  coal,  often  in  a  debased  condition, 
strikes  against  the  eastern  boundary  fault  at  a  depth  of  400  or  500  feet  We  are  not  aware  that 
muck  is  known  of  the  precise  nature  of  the  Goal-measures  south  of  Causeway  Green  and  Cape  Moor, 
and  in  the  strip  that  runs  eastward  near  Lappal  Tunnel  and  Harbome.  Where  the  section  crosses 
the  Permian  rocks  south  of  Lappal  Tunnel,  they  are  probably  about  900  feet  thick,  and  Coal- 
measures  may  be  expected  below  them.  A  little  further  north,  section  2  crosses  the  eastern  boundary  gect  S.  Plate  1* 
fanlt  at  the  Quinton.  The  "  thick  coal  **  is  there  represented  by  Mr.  Jukes  as  abutting  on  the  fault  at 
a  depth  of  about  800  feet.  Close  to  the  fault  the  Permian  rocks  are  believed  to  be  about  800  feet  in 
dudcnese,  gradually  thickening  to  the  eastward,  and  Goal-measures  may  be  expected  below.  The  total 
thickness  of  the  Fernuan  rocks  entered  by  the  section  on  the  east  is  probably  about  1,000  feet^£ast 
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Bcpertix  of  the  eeotion  the  Permian  beds  are  overlaid  by  the  Pebble  beds  400  or  600  feet  thick,  above  which 
~"  fie  the  Upper  Red  and  Variegated  Sandstone  from  100  to  300  feet  thick,  and  liie  Lower  Keuper 
Sandstone  about  lAO  feet  thick.  Ilie  New  Bed  Marl  between  the  hughbourhood  of  Birmingham 
md  the  Permian  rocks  near  Meriden  and  Ghreat  Fackington  are  probably  from  300  to  500  feet 
Beotl.Fhtei  thick,  as  shown  in  section  1,  plate  1.  In  the  country  traversed  by  an  east  and  west  line,  drawn 
immediately  south  of  Birmingham  between  the  South  Staffordshire  coalfield  and  the  edge  of  the  Per- 
mian ro^  near  Great  Packington,  the  depth  from  the  top  of  the  pebble  beds  to  the  base  of  the 
Permian  would  probably  be  about  1,400  or  1,500  feet;  from  the  top  of  the  Lower  Keuper  Sandstone 
to  the  base  of  the  Permian,  about  1,750  feet,  and  from  the  eor&ce  of  the  marl  near  S(^huU,  Hali 
Green,  and  Sheldon  to  the  base  of  the  Permian ;  about  2,160  feet.  Whether  Coal-mensures  exist 
under  all  this  area  may  be  considered  very  doubtfiiL  Underneath  the  New  Bed  and  Permian  beds 
at  Great  Packington  Uie  probability  is  in  favour  of  the  oocnirence  of  Coal-measures ;  for  many  milee 
round  Birmingluin  it  is  so  doubtfid  that  I  have  not  ventiued  to  imdude  it  among  the  probaMe 
productive  areas. 

St;ot.4.  Plate  1.  The  east  side  of  section  4,  plate  1 ,  also  crosses  the  eastern  boundary  £iult  of  the  South  Staffi>rdshire 
coalfield,  a  mile  south  of  Oldbury.  According  to  Mr.  J  ukes  the  « thick  coal "  abuts  on  the  fault, 
viUk  a  low  westerly  dip,  at  a  depth  of  about  220  feet  from  the  surface.  On  the  same  authority  a  bank 
of  Upper  ^urian  strata  rises  to  the  east  underneath  it,  but  at  a  higher  angle.  Immediately  east  of  the 
&ult  the  Permian  strata  are  supposed  to  be  about  400  to  500  feet  thick,  and  if  the  same  general 
arrangement  of  the  strata  that  exists  west  of  the  fault,  also  exists  east  of  the  feult,  the  Coal- 
measures  with  the  "  thick  coal"  will  only  be  found  on  the  eastern  side  of  the  fault,  where  crossed  by 
the  section,  for  a  distance  not 'over  a  quarter  of  a  mile,  and  immediately  to  the  east  of  the  edge  of  liie 
Coal-measures,  Upper  ^urian  roclts  will  rise  against  the  base  of  the  Permian  strata. 

Sect.  8.  Plate  1.  The  eastern  end  <»  section  3,  plate  1,  by  aotud  proof,  resembles  the  inforence  drawn  with  regard  to 
the  eastern  end  of  section  4.  The  "  tluck  coal "  was  proved  at  West  Brorawich  in  Lord  Dartmouth's 
"  Heath  Pits,"  and  according  to  Mr.  Jnkes*s  seotion  it  ends  against  the  base  of  the  Permian  strata,  and 
Silurian  rocks  rise  against  the  base  of  these  strata  immediately  beyond,  forming  the  boundary 
of  the  coalfield  •  Under  these  circumstwces  it  would  appear  that  there  is  no  likelihood  of  produc- 
tive' Oofll-meMures  existing  south  of  a  line  drawn  from  the  middle  of  the  Walsall  Silurian  rocks  to 
Fazeley,  in  Warwickshire,  and  from  thence  vrest  of  a  line  drawn  south  through  Great  Packington, 
and  for  five  or  six  miles  further  south. 

Sect  6a.  Returning  to  the  Warwickshire  coalfield,  section  6a,  plate  I,  crosses  the  country  from  the 

Plate  1.  Hartshill  Rock  to  Duke  End,  near  Maxtoke.    At  Galley  Common  the  Coal-measures,  including  the 

five  beds  of  workable  coal,  dip  underneath  the  Permian  strata  and  rise  again  to  the  surface  at  Arley 
Wood.  In  the  middle  of  this  area  the  Permian  stoifa  are  siipposed  to  be  from  300  to  400  feet  thick, 
and  if  the  coals  are  continnous,  which  there  ii  no  reasoti  to  doubt,  the  uppermost  or  ** four-foot  coal" 
will  there  be  found  at  a  depth  of  about  1,000  feet  from  the  surface,  and  the  other  beds  of  ooal  below. 
Hie  Spirorbis  Limestone  which  is  seen  at  Galley  Common,  also  crops  up  at  Arley  Wood,  and  the 
•*  four  foot  coal"  may  be  expected  under  the  base  of  the  neighbouring  Permian  strata  at  a  depth  of 
dbout  650  feet,  and  under  the  limestmie  at  a  depth  ot  about  525  feet,  and  under  the  surface  of  the 
ground  at  Arley  Wood  at  a  little  than  600  feet.  There  is  no  reason  to  doubt  that  the  other 
coals  would  be  found  below  at  their  respective  depths. 

The  fault  which  bounds  the  Arley  Wood  Coal-measures  tin  the  west  is  supposed  to  throw  the  base  of 
the  Permian  strata  to  a  depth  of  nearly  300  fiaet  from  the  surface  immediately  west  of  the  fault 
There  these  strata  have  a  westerly  dip,  but  approaching  the' western  boundary  of  the  strata  near  Duke 
End  the  Permian  bed  dips  eaetefly.  The  approximate  conformity  of  the  Permlnn  and  Carboniferous 
.s^ta  in  ail  this  district  makes  -  it  probable  that  the  Coal-measures  will  also  lie  in  the  form  of  a  basin 
between  the  fault  at  Arley  Wood  and  the  fault  near  Duke  End,  and  in  the  middle  of  the  basin  the 
depth  to  the  "  four-foot  coal "  may  be  estimated  at  about  1,500  feet,  about  500  feet  of  which  would 
be  upper  Coal-measures  containing  the  Sriirorbis  bandi  West  of  the  boundary  &ult  near  Duke  End  the 
subject  is  more  difficult  The  New  Bed  Marl  and  Lower  Keuper  Sandstone  beds  are  estimated,  close  to 
the  feult,  at  about  150  feet,  and  half  a  mile  further  west,  at  nearly  250  feet  in  thickness.  Thfe 
Permian  strata  may  be  found  below  these,  probably  with  an  easterly  dip,  and  it  is  quite  possible 
that  the  "  four-fbot  coal "  may  lie  beneath  the  surface  near  the  fault,  at  a  depth  of  about  1,000  feet. 
On  this  supposition,  the  whole  of  the  Warwickshire  coals  would  immediately  crop  up  against  the 
base  of  the  New  Red  strnta.  This  assumption  is  founded  on  the  hypothesis  that  ttie  basin-shape 
form  (tf  the  coalfield  and  Permian  strata,  as  shown  between  the  neighbourhood  of  Atherstone  and 
Dosthill,  may  be  confinned  underneath  the  Keuper  Marls  and  Sandstone,  south  of  Dostfaill,  for  an 
unknown  distance.  In  that  case  there  would  be  unproductive  ground  beneath  the  New  Red  strata 
toward  South  Staffordshire,  unless  the  Coal-measures  rolled  over  and  dipped  westward.  It  is  certain, 
however,  that  tiie  Permian  strata  which  border  the  eastern  side  of  the  South  Staffordshire  coalfield, 
the  extreme  thickness  of  which  may  be  estimated  at  not  less  than  1,500  feet,  will  extend  undemeatii 
the  New  Bed  strata  of  Birmingham,  and  possibly  may  even  reach  the  western  boundary  fault  of  the 
Permian  strata  of  the  Warwickshire  coalfield,  or  at  all  events  come  very  near  it 

Sect.  6.  Plate  1.  Section  6,  plate  1,  runs  from  Merevale  on  the  east  across  the  Warwickshire  coalfield  and  the  northern 
end  of  the  overlying  Permian  strata,  and  from  thence  across  the  New  Bed  and  Permian  beds  to 
Walsall  and  the  Soutii  Staffordshire  coalfield.  The  Warwickshire  coalfield,  indudhlg  the  five  workable 


*  A  abort  distaoce  south  of  the  read  thai  botrnds  Saodwell  Farit  on  the  Muth,  near  the  junction  of  the  Great  Western,  and 
the  Great  Western  and  Stoarbridge  Branch  RailwayB,  a  shaft  is  being  sunk  in  search  of  the  "  thick  coal,"  under  the  conduct 
of  Mr.  Henrf  Johnson  of  Dudley,  who  eapposes  that  the  Silurian  bank  underneath  the  Permian  strata  is  nairov,  and  that  Coal- 
BUtMoces  viti)  tiie  "tU^kvoal"  wiU  agt  in  agMc  imiaediateiy  on  the  e—t.  Sbouldtkia  pnrre  to  be  Ue  case  dme  meMuna  may 
cgntbnw  fot  an.iiiikDovn  dubiiuw  eastward  imder  the  Fermian  an^  Kew  Bed  stnts.  , 
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beds  of  coal,  dips  under  the  Bernuan  strata  near  Stratftwd  OoUiery.  Nordi  and  south  of  DosthiU  Bw«kD> 
the  whole  of  th^ee  coals  nee  to  tiie  surfaoe,  with  an  easterly  dij^  thus  proving  the  synclinal  curve^ 
and  the  continuation  of  tilie  coals  undwneath,  in  the  manner  shown  in  the  section.  In  the  middle  of 
the  Penman  starata,  crossed  by  the  section,  the  depth  from  the  soi&ce  to  the  "four-foot  coal"  is 
estimated  at  about  900  feet,  fuid  at  the  western  edge  near  the  boundary  fimlt.  tiiron^  Coal-measures 
alone,  at  about  650  feet. 

At  Thietlewood  Brook,  about  1^  miles  south  of  Dosthill,  the  beds  of  coal  abut  agfuust  the  boundary 
fault  which  throws  the  New  Red  Marl  against  them.  The  coals  there  dip  east  at  an  angle  of  from  70 
to  80  degrees,  as  seen  in  the  nulway  cutting.  The  question  now  to  conader  is,  what -strata  {urobably 
underlie  the  New  Red  and  Permian  formations  between  the  boundary  fault  near  Kingsbury  and  the 
Silurian  rocks  east  of  Walsall.  There  is  little  reason  to  doubt  that  the  Coal-measures,  with  their  beds 
of  coal,  underlie  the  New  Bed  Marl  and  Keuper  Sandstone  in  the  neighbourhood  of  the  fault  between 
Thistlewood  Brook  and  tiie  ground  west  of  Flanders  Hall,  about  two  miles  south  of  Thistkwood 
Brodc.  South  of  Flanders  Hall,  close  to  the  fault,  Permian  strata  will  begin  to  underiie  the  New 
Bed  formation.  If  the  easterly  dip  and  basin-shape  form  of  the  Coal-measures  continue  underground, 
the  coals  may  probably  crop  up  against  the  New  Bed  beds  in  the  neighbourhood  of  the  Biver  Tame, 
near  Kingsbury.  The  fault  near  Ringsbury  is  assumed  to  be  a  dowu-tbrow  on  the  west  of  about  400 
or  500  feet,  and  under  these  circumstancee  the  depth  to  the  coals,  through  tiie  New  Bed  Marl,  would 
be  from  500  to  600  feet.  If  the  baun-ehaped  form  continues,  as  supposed,  the  ground  under 
Bodymoor  Heath  and  the  turnpike  road  to  Tamworth  would  be  tmproduotive. 

Turning  now  to  the  borders  of  the  South  Staflbrdshire  coalfiera,  we  find  that  the  Permian  strata 
between  Christ  Church  and  the  south  end  of  the  Walsall  Silurian  rocks  are  faulted  against  the 
lower  part  of  the  Coal-measures,  and  from  thence  northward  towards  Aldridge  against  the  lower  part 
of  the  ^urian  strata.  The  lower  part  of  the  Coal-measuree  to  the  west,  north,  and  sondi  of  WauaU 
lie  upon  Silurian  rooks;  and  east  of  tiie  Haj  Head  limeworics  a  thin  cake  of  the  same  lower 
unproduotiTe  Coal-measures  lies  upon  the  Llandorerf  rooks,  which  form  the  lowest  part  of  the 
Silurian  strata  of  the  Walsall  district.  The  first  question  is,  what  strata  lie  under  the  Permian  rooks 
on  the  east  side  of  the  boundary  &ult. 

It  is  obvious  that  the  Coal-measures  lie  exceedingly  unoonformabty  on  the  Silurian  rocks  of  the 
Walsall  district  and  it  is  also  quite  posrible  that  these  Silurian  rocks  may  have  been  originally 
covered  by  the  whole  of  the  upper  prodnctiTe  Coalnneasarra.  If  these  Goaf-measures  were  also  in 
the  mtun  originally  oovered  by  the  Permian  strata,  then  they  may  e^^t  underneath  the  Permian  beds 
on  the  east  side  of  the  fault,  and  be  prolonged  further  to  the  eastward  beneath  the  New  Bed 
Sandstone.  If,  however,  the  Walsall  Silurian  rocks  be  a  prolongation  of  the  Silurian  bank  shown 
in  section  3,  plate  1,  at  the  Heath  pits,  then  it  is  by  no  means  certain  that  the  "  thick  "  tuid  other  coals  Beet  S.  Plate  i. 
would  be  found  underneadi  the  Permian  strata. 

The  fact  that  lower  Coal-measures  exist  between  Hay  Head  limeworks  and  the  fault,  renders  it 
not  impossible  that  productive  Coal-measures  m^  set  in  under  the  New  Bed  and  Permian  strata 
between  Barr  Beacon  and  the  neighbourhood  of  Sutton  Coldfield,  and  if  the  Coal-measures  of  the 
Warwickshire  coalfield  under  Bodymoor  Heath  curve  over  to  the  west,  with  a  break  in  the  middle, 
aa  shown  in  section  6,  plate  1,  the  two  coalfields  may  be  approximately  continuous  uudetground. 
The  thickness  of  the  Permian  strata  near  Walsall  is  surmised  by  Mr.  Jukes  to  be  about  1,500  feet 
The  amount  of  the  throw  of  the  fault  is  quite  unknown. 

In  the  district  between  Barr  Beacon  and  the  fault  east  of  Sutton  Park  the  Pebble  beds  of  the 
New  Bed  Sandstone  vary  from  300  to  400  feet  in  tluckness.  The  Permian  strata  rise  to  the 
surffwe  in  two  patches  nort^  of  Sutton  Coldfield.  They  are  brought  up  by  foults  and  ^posed  by 
denudation.  It  is  therefore  probable  that,  in  this  line  of  section,  Permian  beds  will  be  found  under- 
neath the  New  Red  formations  for  some  distance  east  of  Sutton  Coldfield,  but  as  it  is  believed  to  be 
likely  that  Coal-measures  directly  underlie  the  New  Bed  beds  at  Kingsbury,  it  is  supposed  that  the 
Permian  beds  thin  away  to  the  east  underground,  somewhat  in  the  manner  shown  in  the  section. 
Under  Sutton  Coldfield  the  thickness  of  the  New  Bed  Sandstone  is  believed  to  be  about  700  feet, 
and  of  the  Permian  beds,  perhaps,  about  1,100  feet.  Under  Bodymoor  Heath  the  New  Bed  Marl  and 
Sandstone  is  supposed  to  be  about  1,000  feet  thick,  400  feet  of  which  consists  of  New  Bed  MarL 

Crossing  the  same  general  line  of  country,  but  a  few  miles  further  north,  section  8,  plate  2,  runs  across  Seet8.Plate9. 
the  north  end  of  the  coalfield,  the  country  immediately  south  of  Tnmworth,  and  enters  Cannock 
Chase  at  Walsall  Wood.  In  the  Warwickshire  coalfield  the  coals  lie  in  a  bashi-shaped  form,  in  the 
manner  shown  in  the  section.  On  the  extreme  west,  at  Ohtecoto  Colliery,  they  are  broken  by  two 
faults,  and  the  boundary  of  the  coalfield  is  also  a  fault  which  throws  the  Lower  Keuper  Sandstone 
against  the  Coal-measures  at  the  surface. 

Considerable  doubt  exists  ns  to  what  may  be  found  below  this  Lower  Keuper  Sandstone.  It  is 
stated  by  Mr.  Howell  (The  Geology  of  the  Warwickshire  Coalfield,  H.  i^Howell,  F.G.S.,  Memoir 
of  the  Geological  Survey,  p.  29,  1859,)  that  "  Messrs.  Gibbs  and  Cannmg,  of  Glascote  Colliery, 
had  a  well  sunk  at  some  new  cottages  by  the  side  of-the  tuynpike  road  between  Tamworth  and 
Glascote,  about  a  mile  firom  Tamworth.  I'he  well  was  comniSfrced  iff^he  Lower  Keuper  Sandstone, 
immediately  west  of  the  boundary  fault  of  the  coalfield,  and  at  the  depth  of  thirty  yards  fragments 
of  limestone  in  true  Coal-measures  were  found.  It  was  proved  to  be  the  Spirorbis  limestone  by  the 
Bev.  P.  B.  Brodie,  of  Bowineton,  who  detected  Spirorbis  oarbonarius  in  it.  The  fragments  which 
were  brought  up  appeared  to  be  very  muelK^attered  and  broken,  probably  caused  by  being  so  dose 
to  the  boundary  fault.  There  was  no  reghlar  bed  of  it  discovered,  and  it  13  possible  that  these 
fragments  may  have  come  out  of  the  line  of  fault/'  This  latter  statement  throws  an  element  of 
uncertainty  into  the  question.  Accidental  fragments  and  pebblea  not  unfrequeutly  have  found  their 
way' into  faults.  -  The  base  of  tiie  Lower  Keuper  Sandstone  is  here  semetimes  conglomeratic  and 
brecoiated,  and  it  is  not  impoeeoble  that  the  fngments  brought  up  from  the  well  may  havfi^been 
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^wo^^  derived  from  stonee  embedded  in  that  formation.  If  these  fragments  were  derived  from  the  Spirorbia 
limestone  m  place,  immediately  under  the  Keuper  Sandstone,  then  the  whole  of  the  Ooal-meaeures 
may  be  expected  below  the  limestone,  the  4-feet  bed  lying  at  a  depth  of  a  littJe  over  600  feet,  with  a 
lo^  westerly  dip  as  shown  in  the  section.  These  coals  are  probably  the  general  eqaivalenta  of  the 
coals  of  Cannock  Chase,  which  crop  to  the  surface  with  a  low  westerly  dip  at  Ryder  Hayes  colliery. 
Under  any  circumstances  it  is  impossible  to  be  certain  that  they  are  continuous  underneath  the  New 
Bed  and  FermiaD  strata  all  the  way  between  the  two  coalfields.  The  Permian  strata  which  rise  to 
the  suiftce  near  Hints  are  supposed  to  thin  out  as  they  approach  the  n^hbourhood  of  Tamworth, 
and  the  Pebble-beds  are  supposed  to  tlun  away  about  a  mi!e  nearer  the  coalfield. 

A  second  hypothesis  may  be  offered.  On  the  east  side  of  the  coalfield  there  is  a  patch  of  Permian 
strata,  and  another  occurs  in  the  centre  at  Callas.  Both  are  let  in  by  faults ;  and  there  can  be  no 
doubt  that  before  denudation  the  whole  of  the  coalfield  was  covered  by  Permian  strata.  It  is  possible, 
then,  that  Permi»n  beds  may  underlie  the  Lower  Keuper  Sandstone,  if  the  iEault  between  Tamworth 
and  Glascote  that  bounds  the  coalfield  was  produced  after  the  disturbance  of  the  Coal-measures  and 
before  the  denudation  of  the  Permian  beds,  thus  throwing  the  whole  down  <m  the  north-wes^  and 
that  after  the  deposition  of  the  New  Bed  beds  the  same  £iult  was  repeated.  This  hypothecs  is 
expressed  in  the  short  section  immediately  below  section  8. 

A  third  hypothesis  is  as  follows : — North  of  Bosthill  the  beds  of  coal  dip  east,  at  angles  of  from 
8  to  10  degrees,  and  about  250  feet  of  Coal-measures  lie  between  the  lowest  or  "  Bench  "  coal,  and 
the  alluvium  of  the  Tame.  If  the  section  were  complete,  the  Millstone  Gnt  would  be  found  at  a 
depth  of  from  1,500  to  2,000  feet  below  the  "Bench**  coaL  If  the  sAme  easterly  dip  continue 
underneath  the  New  Red  beds  on  the  weat  side  of  the  fault  concealed  by  the  alluvium^  then, 
unproductive  strata  may  possibly  lie  underneath  the  New  Bed  beds  for  an  unknown  distance. 

If  the  Cool-mensures  lie  beneath  the  New  Bed  beds  near  Tamworth  it  is  possible  that  they  may 
have  an  easterly  dip  similar  to  that  near  Dosthill,  in  which  case  unproductive  strata  may  occur  west 
of  Tamworth,  somewhat  in  ihe  manner  shown  in  section  8,  pL  2,  by  the  dotted  line  marked  x  weet 
of  the  boundary  fault,  and  also  in  section  6,  pi.  1,  fuiiher  south. 

The  Lower  Soft  Bed  Sandstone,  Pebble  beds,  and  Permian  strata  are  believed  to  be  faulted 
against  the  east  side  of  the  South  Staffurdshire  coalfield  where  crossed  by  the  section.  The  Coal- 
measnreB  in  that  region  are  contuned  between  two  faults,  and  consist  of  upper  Coal-measures 
with  a  north-easterly  and  easterly  dip.  The  amount  of  the  tiiroir  of  the  eastern  boundary  fault  is 
uncertain,  but  it  would  be  unsafe  to  estimate  it  at  lees  than  1,000  feet,  in  which  case  the  Coal- 
measures  and  the  coals  of  the  Pelsall  district  and  the  neighbourhood  might  be  expected  underneath 
the  New  Bed  and  Permian  strata.  As  there  seems  reason  for  the  belief  that  the  coals  of  the  Cannock 
Chase  district  are  the  general  equivalents  of  those  of  Glascote  and  Folesworth  in  Warwickshire,  ii 
is  not  imposable  that  they  may  be  continuous  underground  between  the  two  coalfields,  subject  to 
the  hypotheses  stated  above.  If  so,  the  best  points  for  unkii^  in  search  of  Coal-measures 
would  be  through  the  Permian  strata  brought  up  by  the  fiinlts.  It  would  not,  however,  be  safe  to 
estimate  the  Permian  strata  west  of  Footherly  at  less  than  1,000  or  1,200  feet  thick  ;  near  Hints  they 
may,  perhaps,  be  a  littie  thinner.  Between  Footherly  and  Hints  it  would  be  unsafe  to  estimate  tiie 
depth  to  the  base  of  the  Permian  strata  at  less  than  from  1,500  to  1,700  feet. 

The  question  now  to  be  considered  is  the  probalnlity  of  Coal-measures  and  coal  seama  existing 
between  the  nwth-east  end  of  the  Warwickshire  coalfield  and  the  south-west  IxHrders  of  tbeLooester- 
shire  coalfield,  and  also  in  the  country  cast  of  Polesworth,  Athcrstone,  Nuneaton,  and  Wyken  near 
Coventry,  and  the  country  for  some  distance  further  south ;  also  beyond  the  southern  edge  of  the 
Leicester^ire  co^eld,  Charnwood  Forest,  and  the  country  southward  towards  Bugby. 
Sect  10.  Commencing  on  the  north,  section  10,  plate  2,  runs  across  the  north  end  of  the  Warwickshire 

FliUo  s.  coalfield  into  &9  Leicestershire  coalfield  at  Moira.  The  ooals  are  well  known  at  Callas,  in  the  centre 
of  the  Warwickshire  coalfield,  Mid  are  believed  to  be  at  a  depth  of  about  700  feet  from  the  surface  under 
Shuttiogton.  Permian  strata  lie  within  a  mile  of  Shuttington,  faulted  against  the  Coal-measures,  and 
they,  along  with  the  Pebble  bed,  are  therefore  believed  to  lie  underneath  the  Lower  Keuper 
Sandstone  Between  Shuttington  and  the  Moira  coalfield.  As  the  fault  is  a  down-throw  on  the  north- 
east, it  is  considered  thnt  Coal-measures  will  underlie  these  strata  at  an  unknown  depth,  which  has 
been  roughly  estimated  at  about  1,000  feet.  In  this  case,  if  the  equivalents  of  the  whole  of  the 
exposed  Coal-measures  at  Shuttington  underlie  the  Permian  strata,  the  highest  workable  bed  of  coal 
might  be  found  at  a  depth  of  about  1,500  feet  from  the  surface.  It  is,  however,  very  uncertain  that 
Permian  strata  underlie  the  whole  of  the  New  Bed  beds  north-east  of  Shuttington,  though  it  seems 
probable  that  Carboniferous  rocks  may  be  continuous  underground  all  the  way  between  the  coalfields ; 
but  from  the  manner  in  which  the  "  Mun  coal "  and  ether  coals  lie  beneath  the  suifiwe  at  Donisthorpe, 
and  from  the  position  in  which  the  supposed  main  coal  was  found  in  the  boring  near  Saltersford  Bridge, 
it  seems  probable  that,  in  consequence  of  faults  or  im(^ulation  of  the  strata,  there  may  be  a  truct  of 
unproductive  Coal-measures  midway  between  the  two  coalfields.  About  three  miles  N.W.  of  Donis- 
thorpe, at  Coton  Park,  the  New  Bed,  and  probably  some  Permian  beds,  were  passed  through  to  a 
deptn  of  about  280  feet^  and  Ceal-measores  were  reached.  The  shaft  was  sunk  to  a  depth  of  1,123 
feet,  and  the  usual  coals  of  the  Moira  coalfield  found.  About  a  quarter  of  a  mile  to  the  west  of  Coton 
Park  the  New  Bed  strata,  including  part  of  the  Madj  was  pierced  to  the  depth  of  810  feet  without 
reaching  Coal-measures.  The  Marl  is  bounded  on  the  east  hy  a  fault,  which  is  a  downthrow  on  the 
west,  and  it  is  certain  that  Coal-measures  would  have  been  reached  had  they  gone  somewhat  deeper. 
The  strata  to  be  pierced  from  the  surface  were  a  portion  of  New  Bed  Marl,  Lower  Keuper 
Sandstone  about  140  feet,  Pebble  beds  about  180  fleet,  and  Permian  about  100. 

Two  borings  were  made  in  search  of  coal  commencing  in  the  Conglomerate  or  Pebble  bed  of  the 
New  Bed  Sandstone,  and  probably  passing  through  certain  Permian  strata.   A  Uttle  south-east 
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of  Linton,  at  a  depth  of  245  feet  CoaUmeasurea  were  reached,  about  46  feet  lower  a  four-foot  bed  Bepottrb 

of  coal  waa  cut,  and  at  a  depth  of  489  feet  from  the  surface  they  parsed  through  what  they  considered 

to  be  the  "  Main  Coal."    In  the  same  district,  about  half  a  mile  further  south,  they  bored  through 

the  same  strata  and  reached  Coal-measures  at  a  depth  of  about  270  &et.    The  first  coal,  5  feet 

thick,  was  reached  at  a  depth  of  465  feet,  another  2  feet  tliick  at  495  feet,  next  two  thin  coals  nt 

555  feet,  next  two  coals  at  about  615  feet,  the  uppermost  5  feet  thick,  next  a  6  feet  3  inch  coal  at 

651  feet^  next  a  2  feet  8  inch  coal  at  693  feet,  and  then  several  other  ^oals  interstratified  with  shales 

and  sandstones,  and  at  a  depth  of  994  feet  a  3  feet  9  inch  coal  was  cut.    The  boring  stopped  at  a 

depth  of  1,123  feet  still  in  Coal-measures.    These  Measures  in  general  may  be  expected  below  the 

New  Red  Marl  at  the  place  mentioned  in  the  previous  paragraph. 

It  may  be  inferred  from  Professor  Phillips'  evidence,  pp.  D  8'2,  83,  that  he  considers  the  eastern 
boundary  fault  of  the  Warwickshire  coalfield  between  Shuttington  and  Nuneaton  to  be  the  result  of  a 
disturbance  and  fracture  which  took  place  before  the  deposition  of  the  New  Red  Sandstone  and  Marl. 
In  this  case  a  slip  on  the  same  line  of  fracture  has  been  repeated  at  some  period  after  the  deposition  of 
the  New  Red  Marl.  Professor  Phillips  also  expresses  the  opinion  "  that  it  is  highly  probable  that 
between  the  two  coalfields  there  are  other  axes  of  movement,  and  that  the  thing  '.rould  be  repeated 
underground  which  we  see  to  exist  at  the  surface.  Therefore  I  am  of  opinion  that  in  that  part  of 
eoun^  the  coal  exists,  and  I  am  of  opinion  that  it  exists  in  parallel  hoflo\v8  and  troughs  which 
ran  in  the  direction  of  the  great  axes  of  movement.  They  will  be  found  in  lines  running  from  the 
south-east  to  the  north-west  I  have  no  doubt  of  that  fact  m^elf,  and  I  think  the  coal  is  at  an 
accessible  depth."  In  •  my  own  evidence  I  express  the  same  general  opinion ;  and  Mr,  Howell, 
whose  advice  on  the  subject  has  since  been  taken,  and  who  mapped  the  country,  and  has 
written  a  memoir  on  it,*  holds  the  same  general  views.  The  probability  of  the  original  fault  on 
the  east  side  of  the  coalfield  having  taken  place  before  the  depo!»ition  of  the  New  Red  bedsisincreosc^d 
by  the  occurrence  of  the  Permian  strata  on  the  east  side  of  the  strata  near  Polesworth.  The  amount 
of  the  throw  of  the  fault  on  the-  east  side  of  the  coalfield,  where  crossed  by  section  8,  plate  2,  is  p^^te  s. 

unknown.  Close  to  the  fault,  the  Coal-measures,  containing  beds  of  coal  somewhat  broken,  roll 
over  to  the  east,  and  must  abut  on  the  l^ne  of  fault.  This  makes  it  probable  that  Coal-measures 
containing  the  Warwickshire  coal  beds  occur  underneatli  the  Permian  and  New  Red  strata. 
Between  the  two  faults  that  lie  between  the  onstern  edge  of  the  coalfiold  and  Waverton 
and  Grindon  House  the  thickness  oF  the  New  Red  and  Permian  beds  may  be  roughly 
estimated  at  from  400  to  800  feet  On  tlie  western  fiank  of  Charnwood  Forest  Coal-measures 
ore  faulted  against  the  Charnwood  For^  rocks  underneath  undisturbed  beds  of  New  Red  Marl 
which  have  been  deposited  since  the  fracture.  The  coals  between  Charnwood  Forest  and  Heather 
are  believed  to  lie  underneath  the  New  Red  beds,  in  the  manner  shown  in  the  section,  everywhere 
at  depths  easily  accessible.  The  original  of  this  section  was  drawn  by  Mr.  Howell,  who,  with 
Mr.  Htdl,  considers  that  ^'Lount  cofu  No.  4"  is  the  equivalent  of  the  "Main  coal"  of  Ibstock 
Colliery,  and  of  the  lowest  known  coal  of  the  Heather  coals,  which  is  belie^'ed  to  crop  against 
the  base  of  the  Lower  Ke^er  Sandstone  underneath,  about  half  a  mile  south-west  of  Heather,  at 
a  depth  of  about  175  feet  The  Heather  cools  seem  to  lie  in  a  very  low  synclinal  curve,  and  it  is  not 
nnlikely  that,  for  a  space,  unproductive  Coal-measures  lie  between  the  edge  of  this  lowest  coal 
and  a  probable  fault  near  Newton  Burgoland,  which,  from  evidence  in  the  Moira  coalfield,  may 
pass  underneath,  concealed  by  the  New  Red  strata.  It  is  believed  to  be  a  down-throw  on  the 
south-west  of  unknown  amount  If  this  be  so,  it  may  throw  in  the  coals  underneath  New  Red 
strata,  west  of  the  fault ;  and  productive  Coal-measures  may  underlie  the  New  Red  and  Permian 
beds  from  thence  by  Gopsal  Park  and  Orton-on-the-Hill  to  the  borders  of  the  Warwickshire 
coalfield.  This,  however,  is  very  uncertain.  The  extreme  depth  of  the  New  Red  strata  under 
Orton-on-the-Hill  has  been  estimated  at  about  700  feet,  and  to  this  may  be  added  perhaps,  about 
300  feet  of  Permiiin  strata  which  .ire  supposed  to  thin  away  to  the  north-east  towards  Gopsal 
Park,  as  the  Lower  Keupcr  Sandstones  rest  directly  on  Coal-measures  arouni  Heather.  An 
adjoining  section  8a,  from  Gopsal  Park  through  Nailston  and  Charnwood  Forest,  contains  Coal-  sect  8a. 
measures  underneath  the  New  Red  beds  which  have  been  proved  «t  BnfTworth  Colliery  from  the  Plate  2. 
"Main  coal"  upwards.  It  Seems  likely  that  these  Coal-measures  are  continued  underneath  the  New 
Red  Marl  to  the  confines  of  Charnwood  Forest,  and  in  the  opposite  direction  it  is  not  unlikely  that 
they  may  continue  as  far  as  Goi>sal  Park  on  both  sides  of  the  section. 

With  regard  to  the  eastern  ends  of  sections  Nos.  6  and  6a,  plate  1,  tliere  may  be  some  doubt  that  Sects,  c  and  «a. 
Coal-measures  and  Pennian  rocks  underlie  the  New  Red  strata  east  of  the  boundary  fault  near  Plate  i. 
Merevale  and  Hartshill.  If  the  Permian  beds  exist  there  they  are  not  likely  to  be  thick.  The 
Lower  Keuper  Sandstone  in  the  neighbourhood  is  about  200  feet  thick,  and  the  strata  near  Lindley 
Hall  near  Watling  Street  (section  6a),  lie^nning  with  the  New  Red  marl,  have  been  penetrat^ 
to  a  depth  of  660  feet  without  reaching  its  basct  In  the  line  of  these  two  sections  the 
occurrence  of  the  five  beds  of  coals  of  the  Warwickshire  coalfield  may  possibly  depend  on  the  amount 
of  the  throw  of  the  boundary  fault  But,  as  it  is  certain  that  the  whole  of  the  coalfield  was  much 
disturbed  and  denuded  before  the  deposition  of  the  New  Red  series,  and  as  the  Lower  Keuper  Sand- 
stone seems  to  lie  directly  on  the  Millstone  Grit  between  Nuneaton  and  Barr  Green,  it  is  probable 
that  immediately  cost  of  the  fault  that  bounds  the  Hartshill  rock,  from  Nuneaton  to  the  country 
about  two  miles  northwest  of  Atherstone,  no  productive  Conl-mcasures  will  be  found  underneath  the 
New  Red  strata,  at  least  for  a  mile  or  two  to  the  eastward.    From  one  to  two  miles  north  of 

•   Mcnunrs  of  the  Geological  Sarvoy  of  Great  Britain  -, "  '*  The  Geology  of  the  Warviekshire  Coalfteld,"  ftc,  18S9. 

t  In  Mr.  Howell's  Memoir  he  "  The  deseriptiona  the  atrata  are  rather  vagoe,  but  though  they  vent  down  a  conriderable 
depth,  it  doeii  not  ^pear  eertun  that  th^  got  thrragk  the  Bed  Mari  aeriea.  Some  of  the  lower  heda  nay,  however,  being  to  the 
Lower  lUi^er  Sanditone,'* 
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pqygiP.     Atherstone  they  are  more  likely  to  be  present  than  under  the  gEound  immediately  east  of  the  HartshUl 

Bock ;  and  this  condueion  is  rendered  probable  by  the  fact  of  the  workable  seams  of  coal  at  Poles- 
worth  being  proved  to  roll  over  aud  dip  towards  the  east  at  Dordon,  and  northerly  near  Spon  Lane 
where  tiiey  are  cut  off  by  the  boundary  fault 
8.-cti.FliUel.  The  east  end  of  section  No.  1,  plate  1,  crosses  the  Warwickshire  coalfield  a  little  north  of 
BedwortiL  At  Marston  Jabet  quarry  the  lower  Carboniferous  rocka  of  the  ares,  including  beds  of 
Greenstone,  are  overiud  very  unconformably  by  the  Lower  Keuper  Sanddtone.  They  are  seen  at 
the  quarry  to  roll  over  to  the  east  at  aa  angle  of  15°.  Should  this  dip  continue  to  the  east  where  these 
strata  are  concealed  by  the  New  Red  beas,  the  coals  of  Bedworth  may  be  thrown  in  again  some- 
where in  the  neighbourhood  of  Bramcote.  The  New  Bed  beds  in  that  nei^bourhooa  will  be 
probably  not  more  than  about  300  feet  thi^,  and  productive  Coal-measures  might  lie  about 
800  feet  below  these,  possibly  without  the  intervention  of  the  Permian  strata,  for  the  Lower  Keuper 
Sandstone  of  this  neighbourhood  lies  directly  on  Carboniferous  rocks  all  the  way  from  Nuneaton  to 
Hawksbury,  south  of  Bedworth ;  and  if  the  Permian  strata  in  the  main  underlie  the  mass  of  the 
New  Bed  beds  between  the  Warwickshire  coalfield  and  Chamwood  Forest,  they  are  overlapped  in 
the  n^ghbourhood  just  described.  Coal-measures  were  reached  in  a  boring  at  Sapcote  fVeeluul,  two 
miles  east  of  Hinckley,  at  a  depth  of  492  feet  from  the  surface.  The  upper  part  of  the  boring 
coneisted  of  .S22  feet  of  red  and  grey  marls,  containing  abundant  gypsum  at  depths  of  115  feet  and 
207  feet,  29  feet  of  Keuper  Sandstone  with  traces  of  gypsum,  and  141  feet  of  Permian  strata, 
consisting  of — 

Permian  loose  sandstones  down  to    -       -     64  feet 

Hard  sandstones  down  to    -       -  17 
Light  and  dark  sandstones  down  to  43 
Pebbles,  hard  conglomerate  down  to      2  „ 
Pink  and  purple  maris  down  to    -     1^  » 

141    „  - 

Below  this  they  passed  through  830  feet  of  Coal-measures.  The  depth  of  the  boring  being  thus 
],322  feet  in  all.  No  beds  of  coal  were  reached,  and  the  Carboniferous  strata  dipped  at  angles 
varying  from  46°  to  86"  in  directions  unknown.  It  seems  |»'obable  that  after  passing  through  the 
Permian  strata  the  boring,  reached  beds  below  the  workable  coals,  assuming  the  Carboniferous  beds 
to  represent  those  of  the  Warwickshire  coalfield,  from  the  &ct  of  the  strata  Iraing  nearly  all  shale. 

On  the  whole  there  seems  every  reason  to  believe  that  Coal-measures  underlie  the  New  Bed  Marl 
and  subjacent  rocks  in  great  part  of  the  area  between  the  north  end  of  the  Warwickshire  coalfield 
and  the  Moira  district  of  Leicestershire.  Also  in  the  country  east  of  that  towards  the  west  side  of 
Charnwood  Forest,  and  from  thence  southwards  towards  Aston  FlaraviJLle,  and  thence  southwards 
and  westwards  towards  Wolvey  and  the  country  between  Coomb  Abbey  and  Harborough  Magna, 
The  busses  of  trap  that  rise  through  the  New  Bed  Marl  betwe^  Sapcote  and  Enderby  are 
believed  to  be,  as  it  were,  islands  of  the  Cliamwood  Forest  rocks ;  and  it  may  be  that  the  Oham- 
wood Forest  rocks  are  continuous  at  no  great  depth  underground  from  Sapsote,  by  Croft,  Barrow  Hill 
and  Enderby,  to  the  syenitic  bosses  of  Grooby  and  Markfield.  In  that  case  it  would  be  dangerous  to 
assume  the  presence  of  Coal-measures  underground  betwe^  Knderby  and  Grooby,  and  more  dangerous 
Btill  in  the  neighbourhood  of  Mount  SorreL 

As  already  stated,  from  the  circmnatanoe  that  the  coals  of  the  Warwickshire  coalfield  coalesce 
between  Bedworth  and  Wyken,  it  seems  probable  that  the  thinning  out  of  the  productive  Coal- 
measures  to  the  south  may  resemble  that  which  takes  place  at  the  south  end  of  the  South  StaSbrdshiro 
coalfield,  namely,  against  a  rising  bank  of  older  Palaeozoic  rocks.  This  bank  may  lie  underground 
somewhere  between  the  south  end  of  the  South  Staffordshire  coalfield,  and  the  country  between 
Coventry  and  Leamington,  and  from  thence  towards  Bugby,  striking  northerly  towards  Chamwood 
Forest,  thus  forming  a  southern  and  eastern  boundary  to  me  productive  Carboniferous  rocks. 

It  is  now  necessary  to  consider  the  probable  arrangement  of  the  Carboniferous  strata  between  the 
north  end  of  the  South  Staffordshire  coalfield  and  the  country  between  Stone  and  Cheadle,  also 
between  South  Staffordshire  and  the  Weaver  Hills  north  of  Alton,  and  east  of  that-  line  towards 
the  north  end  of  the  Leicestershire  coalfield  near  Ticknell,  and  from  thence  towurds  the  south  end 
of  the  Nottinghamshire  coalfield,  and  so  on  to  the  eastern  side  of  Chamwood  Forest 
Sect  17.  The  south-western  half  of  section  17  has  already  been  mentioned,  p.  7.    The  north-eastern  half  of 

riato  3.  jiiQ  section  passes  across  the  Cheadle  coalfield,  which  is  overlaid  unconformably  by  the  Pebble  beds 
of  the  New  Bed  Sandstone,  under  which  the  Coal-measures,  containing  the  "  Littley  coal,"  the 
*'  4^-foot  coal,"  and  the  "  4-foot  coal,"  pass  at  an  angle  somewhat  less  than  the  dip  of  the  New  Bed 
Sandstone,  where  crossed  by  the  section.  The  4-foot  coal  is  supposed  to  lie  375  feet  bdow  the 
coal,  and  to  the  south-west  the  ^und  is  twice  faulted,  and  between  the  faults  the  depth  to  the 
Coal-measures,  through  the  New  Bed  beds,  will  vary  from,  about  700  to  1,000  feet  A  little  south- 
west of  the  Hiver  Blithe  it  is  considered  probable  that  an  anticlinal  curve  of  Millstone  Grit  rises 
towards  the  base  of  the  New  Red  Sandstone,  and  possibly  the  Coal-measures  may  there  be  cut 
out  ^together ;  but  as,  according  to  Mr.  Hull,  upper  Coal-measurea  crop  to  the  surface  in  a  email 
patch  at  Moddeitiialt,  it  would  appear  probable  tlmt  the  whole  of  the  Coal-measures  o£  the  North 
Staffordshire  coalfield  may  undenie  that  area,  in  which  case  productive  beds  might  be  found  at 
depths  of  from  1,000  to  1,500  feet  below.  Continuing  from  thence  westwards,  underneath  the  plains 
of  Cheshire,  between  the  River  Blithe  and  Moddershall,  the  greatest  thickness  of  the  New  E«d  beds 
is  under  900  feet,  and  dose  to  the  fault,  near  the  ^ver  Blithe,  about  400  i'eet.  Between  the  New 
Bed  Marl  and  Moddershall  Oaks  the  thickness  of  the  Pebble  beds  which  lie  upon  the  Coal-measiires 
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varies  from  abont  450  to  300  feet,  gradually  thmning  towards  the  Coal-measui%s  on  the  south-west  BcportD. 
South-west  of  the  fault  that  bounds  the  Moddershnll  Coal-measures  the  Permian  strata  are  believed 
gradually  to  thicken  from  150  feet  to  abont  400  feet.  Underneath  the  pebble  beds  that  overlie  the 
Permian  rocks  (beneath  the  U  of  Oulton  in  the  section)  the  depth  to  the  Coal-measures  might  be 
about  500  feet.  On  the  west  side  of  the  fault,  east  of  Darlaston  Park,  it  is  surmised  that  the  depth 
to  the  Coal -measures,  after  piercing  the  New  Red  and  P«a*inian  strata,  would  be  about  1,200  feet, 
gradually  deepening  towards  the  south-west  end  of  the  section,  where  it  would  not  he  safe  to 
expect  Coal-measures  at  a  less  depth  than  2,000  feet  In  this  and  other  areas  the  New  Red  Sandstone 
may  be  expected  to  contain  much  water. 

The  Millstone  Grrit  that  rises  from  be:beath  the  Cheodle  coalfield  on  the  north-east,  as  shown  in  is. 
section  17,  strikes  south-easterly,  passing  under  the  New  Ked  Sandstone  without  the  intervention  of 
Permian  beds ;  a&d  it  is  considered  probable  that  underneath  the  Secondary  strata  the  top  of  the 
Millstone  Grit  passes  somewhere  near  Ut^oxeter,  and  approximately  by  Barton-undeivNeedwooJ, 
to  join  the  Millstone  Grit  on  the  north  side  of  the  Leicestershire  coalfield.  Section  13  crosses  a  port 
of  this  area,  from  south  to  north,  viz.,  from  the  north  end  of  the  South  Stflifwdshire  coalfield,  by 
Bagots  Park,  TJttoxeter,  and  Alton  Park,  to  the  Weaver  Hills.  As  the  Millstone  Grit,  between  the 
Weaver  Hills  and  the  River  Churnet,  passes  under  the  New  Red  strata  in  the  manner  shown  in  the  sec- 
tion, and  as  the  Coal-measures  of  South  Stafibrdshire  also  pass  under  the  New  Red  beds  of  Cannock 
Chase,  there  is  a  probability  that  the  latter  oontinue  under  ground  towiu^s  the  Millstone  Orit  on  the 
north,  possibly  within  two  miles  of  Uttoxeter ;  but  on  that  point  there  is  no  positive  evidence- 
As  the  Cannock  Chase  Coal-measures  lie  directly  upon  Silurian  rocks,  it  is  obvious  that  between  these 
areas  the  Millstone  Grit  must,  somewhere  or  other,  thin  out.  Underneath  Bagots  Park  the  Rhnjtic. 
beds,  where  thickest,  are  about  100  feet  thick,  the  New  Red  Marl  about  450  feet  thick,  the  Lower 
Keuper  Sandstone  probably  about  300  feet  thick,  and  the  pebble  beds  about  500  feet,  giving  a  total 
of  1,350  feet,  continuing  approximately  of  the  same  depth  for  some  distance  north  and  south  of 
the  Rhcetic  beds,  and  then  somewhat  thinning  away.  Beneiith  the  Trent,  east  of  the  fault  that 
runs  through  Rugeley,  the  Coal-measures  may  lie  at  about  700  or  800  feet  from  the  surface,  after 
penetrating  the  Lower  Keuper  Sandstone  and  Pebble  beds.  Between  the  neighbourhood  of  Uttoxeter 
and  the  south-western  borders  of  the  Nottinghamshire  coalfield  it  is  believed  that  Carbonifierona  Lime- 
stone, Millstone  Grit,  and  Yoredale  rocl»  everywhere  underlie  the  Nefv  Red  strata,  probably  as  far 
south  as  the  neighbourhood  of  Barton-under-Needwood  and  the  ground  between  Swarkstone  and 
Castle  Donington  on  the  Trent. 

The  next  sections  that  bear  upon  this  subject  are  Nos.  1 1  and  12,  plate  3,  At  the  south-east  end  of  ^ts.  li  &  i?. 
No.  1 1,  near  Swepston,  Coal-measures  bearing  co%ls  are  known  to  underiie  the  New  Red  and  Permian 
Btrata  at  a  very  moderate  depth.  At  the  northern  end,  at  Oldicote,  lower  Coal-measures  with  a 
southerly  dip  crop  against  a  fiiult,  which  throws  Pebble  beds  and  Lower  Keuper  Sandstone  against 
them.  The  same  unproductive  Coal-measures  probably  underlie  the  New  Red  beds  on  the  northern 
side  of  the  fault,  in  such  a  manner  that  before  reaching  the  Trent  the  Millstone  Grit  may  crop 
against  the  base  of  the  New  Red  Sandstone,  and'  lower  unproductive  Carboniferons  strata  may  be 
continued  from  thence  to  Kirk  Langley  and  the  Yoredale  rooks  beyond. 

In  like  manner  in  section  12,  productive  Coal-measures,  at  moderate  depths,  underlie  the  south-  Sect  is. 
cast  end  of  that  section  between  Banlon  Hill  and  Whitwick,  and  on  the  north-west  near  l^cknall,  K»te8. 
Millstone  Grit  with  Carboniferous  Limestone  underneath  rise  to  the  surface.    After  crossing  a  fault 
which  throws  the  Pebble  beds  against  the  base  of  the  Millstone  Grit,  it  is  believed  that  BimUu  unpro- 
ductive strata  will  be  continued  onwards  to  the  north  underneath  the  New  Red  beds. 

Section  No.  10,  plate  2,  crosses  the  whole  of  L^cestersbire  coalfield  from  south-west  to  north-  Beet,  lo, 
east ;  and  after  leaving  the  Carbonifrarous  rocks  of  Leicestershire  it  crosses  the  New  Red  Marl, 
Sec,  and  enters  the  southern  jwrt  of  the  Nottinghamshire  coalfield.  The  relation  of  the  Moira 
coalfield  to  the  overlying  Permian  and  New  Red  strata  on  the  south  hna  already  been  described. 
Further  north,  by  Blackfordby,  Smisby,  and  Pistem  Hill,  a  thin  patch  of  Lower  Keuper  Sand- 
stone directly  overlies  the  Coal-measures  which  lie  on  the  Millstone  Grit,  and  are  supposed  to  bo  com- 
paratively unproductive.  The  north-east  boundary  of  the  coalfield  is  a  fault,  throwing  down  the 
Coal-measures  on  the  south-west  i^inst  the  base  of  the  Millstone  Grit.  The  Carboniferous  Limestone 
crops  out  immediately  after  at  Ticknall,  and  the  Millstone  Grit  is  continuous  from  thence  on  the 
surface  as  far  north  as  the  bank  of  the  Trent,  in  the  line  of  section.  On  the  opposite  side  of  the 
Trent  the  Lower  Keuper  Sandstone  and  New  Red  Marl  set  in,  occupying  the  bottom  of  the  broad 
alluvial  tract  of  the  River  Derwent.  As  the  Carbouiferoue  Limestone  and  Millstone  Grit  of  this 
region  dip  at  a  very  low  angle,  it  is  considered  probable  that  the  Millstone  Grit  may  directly  underlie 
the  New  Red  beds  as  far  north  as  the  slopes  north  of  the  River  Derwent,  near  Ockbrook,  where 
the  base  of  the  Gani^iter  beds  mny  possibly  come  in.  This  is  partly  based  on  the  hypothesis  that  as 
'  the  strike  of  the  Nottinghamshire  coalfield  south  of  Belper,  at  Holbrook  and  Horsley,  changes  to  the 
south-east,  and  at  ICirk  Hallam  and  Stanton  to  the  east  and  eut-south-east.  The  strike  indicated 
by  this  curve  is  carried  on  underground  by  the  Millstone  Ghrit  and  other  lower  Carboniferous  rocks; 
'and  the  south  end  of  the  Yorkshire,  Derbyshire,  and  Nottinghamshire  coalfield  is  part  of  a  faulted 
basin  underlying  the  New  Red  strata,  and  underlaid  on  the  south,  west,  and  north  by  Millstone  Grit, 
and  also  probably  on  the  east  by  the  same  unproductive  rocks;  the  whole  of  the  eastern  edge  of  the 
basin  being  concealed  by  the  ov^lying  New  Red  strata  and  Magnesian  Limestone.  This  View  of  the 
case  is  not  contradicted  by  the  borings  made  by  the  late'  Sir  B.  Clifton  sooth  of  Nottingham,  near 
Wilford. 

The  following  account  of  these  sinkings  is  communicated  by  Mr.  Green: — 

"  The  portion  of  the  Nottiqghamshire  and  Derbyshire-  Coal-measures  which  is  exposed  at  the 
surface  is  bounded  on  the  BOiiih  by  a  line  of  finults,  ranging  from  Bale  towards  Beeeton,  m^iofa  bring 
Triassic  beds  on  the  south  against  Coal-measures  to  the  north.  _ ^ 
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BoportD.  »  Xhe  downthrow  of  these  faults  being  to  the  eouthj  there  is  a  pos^bility  that  some  of  the  coals 
which  have  already  cropped  out  in  the  country  to  the  north  of  them  may  be  thrown  in  again  on  their 
downcast  side,  and  tiiat  their  prodactive  measures  may  be  found  under  we  Triassio  beds  to  the  south 

of  their  line. 

"  The  presence  of  the  Millstone  Grit  at  Stanton  by  Dale,  and  of  beds  probably  low  in  the 
Carboniferous  group  at  Castle  Donnington,  forbids  us  to  expect  anything  higher  than  Ganoister  beds 
to  the  west  of  the  Erewash  Valley ;  but  as  we  go  eastward  or  north-eastward,  in  the  direction  of  the 
dip,  we  nught  reasonably  expect  to  find  higher  meaaurea  coming  on  under  the  New  Red. 

"  Fortunately,  the  question  is  no  longer  one  of  mere  probability.  The  borings  made  by  the  late 
Sir  B.  Clifton,  and  the  sinkings  at  CHifton  Colliery,  have  shown  that  what  might  mive  beoi  reasonably 
inferred  on  geological  grounds  is  really  the  case. 

**  In  the  sinking,  a  coal,  which  there  is  every  reason  to  believe  is  the  Top  Hard,  has  been  readied 
at  a  depth  of  70  yards.  Immediately  to  the  south  of  the  shaft  is  a  fault  tlu:owing  down  to  the  south 
100  yards,  and  in  Bore  Hole  No.  3,  or  the  downcast  nde  of  the  fault,  what  is  probably  the  same  coal 
lies  about  160  yards  deep,  while  Bore  Hole  No.  2,  a  mile  and  a  half  still  further  to  the  south,  shows 
us  a  bed  with  exactly  the  same  character  at  a  slightly  greater  depth.  Thus  all  the  more  valuable 
portion  of  the  Derbyshire  CofJ-measures  are  proved  to  underlie  the  tract  of  Red  Marl  south  of  the 
Trent  at  Nottingham ;  and  the  low  angle  of  dip  found  over  the  groundvet  explored  leads  us  to  hope 
that  tiiey  will  extend  over  a  considerable  area  to  the  south  imd  east  That  the  measures  will  sooner 
or  later  turn  up  in  these  two  directions,  and  crop  up  against  the  overlying  Trias,  is  probable,  if,  as 
we  have  endeavoured  to  show,  the  coalfield  is,  as  a  wiiole,  a  basin ;  but  their  limits  beneath  the  cover 
of  newer  formations  can  be  ascertained  only  by  actual  workings." 

These  recent  discoveries  in  no  uroy  upset  the  probabilily  of  the  Coal-measures  of  the  Yorkshire, 
Derbyshire,  taid  Nottinghamshire  field  having  upon  the  whole  a  basin-shaped  form.  The  local 
accident  that  a  portion  of  the  southern  end  of  the  basin  is  repeated  by  a  fault  cannot  affect  the 
broad  general  views  arrived  at  from  a  consideration  of  the  whole  coalfield ;  aad  analogy  su^gestt^ 
that  the  beds  at  Clifton,  like  the  measures  from  which  they  have  been  dissevered  by  &ults,  he  in  a 
basin ;  a  basin,  however,  in  their  case  truncated  on  the  north  by  faults. 
Sect  8.  It  remiuns  to  be  considered  what  kind  of  rocks  probably  underlie  the  New  Red  Marl  on 

Plate  8,  tj,^  eggt  of  Chamwood  Forest  In  section  8,  plate  2,  Coal-measures  are  shown  faulted  against  the 
Chamwood  Forest  rocks,  north-east  of  Donnington  Heath.  They  probably  approach  2,000  feet 
in  thickness,  without  making  any  allowance  for  Millstone  Grit;  and,  along  with  the  Chamwood 
Forest  rocks,  are  covered  unconformably  by  the  New  Red  Marl  and  Lower  Keuper  Sandstone, 
through  which  the  fault  does  not  pass.  From  the  manner  in  which  the  Coal-measures  are  faulted 
Qgfunst  the  Chamwood  Forest  rooks,  it  may  be  that  they  once  partly  [spread  across  them,  and  that 
they  had  been  removed  by  denudation  from  that  area  before  the  deposition  of  tiie  New  Red 
Marl;  and  the  question  is,  whether  they  underlie  that  marl  on  the  eastern  side  of  the  forest 
A  boring  has  been  made  at  Hathem,  about  a  mile  north  of  section  Na  8,  in  New  Red  Marls,  which 
are  the  same  beds  as  those  that  lie  between  Garrendon  Park  and  the  River  Soar.  About  360  feet 
of  Red  Marl  was  nassed  through,  about  70  feet  of  Sandstone,  and  42  feet  of  Conglomerate,  formed 
of  fragments  of  the  Chamwood  Forest  rocks.  The  boring  at  present  has  been  stopped,  without 
the  Carboniferous  rocks  having  been  reached.  There  can  be  no  doubt  that,  west  of  Garrendon 
Park,  the  New  Red  Marl  and  Keuper  Sandstone  lie  directly  on  Cambrian  strata;  and  how  far  these 
strata  stretch  eastwards  below  the  marl,  in  the  line  of  section,  it  is  impossible  to  say ;  but  it  would 
be  very  unsafe  to  suppose  that  they  do  not  extend  at  least  as  far  as  the  Soar.  The  Mount  Sorrel 
rocks,  standing  through  the  Marl,  help  to  this  conclusion,  and  the  Con^omerate  beds  at  the  bottom 
of  the  boring  at  Hathern  help  to  the  same  inference.  The  patch  of  Carboniferous  limestone  at  the 
Abbey,  north  of  Whitwick,  lies  in  'such  a  position  that  it  may  be  inferred  that  it  rests  directiy  on 
Cambrian  strata.  Its  strike  is  easterly,  and  it  may  be  that  limestone  and  Millstone  Grit  underlie 
the  line  of  section  just  east  of  the  valley  of  the  Soar,  and  still  further  north-east  towards  Wysall  on 
the  Lias.  Experiment  alone  can  prove  the  occurrence  of  Coal-measures  between  Chamwood  Forest 
and  Wysall,  but  it  seems  unlikely  that  they  should  be  found  anywhere  in  that  country.  The  New 
Bed  Marl  is  probably  not  less  than  900  feet  thick,  where  thickest.  The  north-eastern  end  or 
Sect.  Stt-  section  8a,  plate  2,  is  of  the  same  nature.  No  one  need  expect  to  find  Coal-measures  underneath  the 
Hate  2.  New  Red  Marl  between  the  Chamwood  Forest  rocks  and  the  Mount  Sorrell  granite,  and  we  see 

no  reason  why  they  should  occur  on  the  east  underneath  the  marls,  m  the  line  of  section,  and  its 
ne^bourhood. 

The  next  subject  for  inquiry  is  the  relation  of  the  Derby,  Nottingham,  and  Torkshire  coalfield  to 
the  overlying  Permian  (Msgnesian  Limestone)  and  New  Red  Sandstone  strata.    The  north-east  end 
Sect  10.         of  section  10,  plate  2,  crosses  the  New  Red  Marl  and  New  Ked  Sandstone  on  the  north  side  of  the 
Plate  a.  Derwent,  and  enters  the  coalfield  south  of  West  Hallam,  where,  as  already  stated,  tiie  Coal- 

measures  strike  easterly,  vrith  a  northern  dip.  At  Eastwood,  where  the  **  top  hard  "  coal  crops  to 
the  surface,  the  dip  is  north-easterly  at  a  low  angle,  and  the  section  enters  the  Magnesian  Limestone 
near  Felley  Abbey,  and  ends  with  the  pebble  beds  of  the  New  Red  Sandstone  at  Rc>)in  Hood's  Hill 
Underneath  the  western  edge  of  the  Ma^esian  Limestone  the  «  Top  Hard  '*  is  believed  to  lie,  at 
a  depth  of  about  800  feet,  gradually  deepening  to  the  east.  It  is  assumed  to  lie  at  a  depth  of  nearlv 
1,600  feet  below  the  pebble  beds  of  Robin  Hood's  HiU. 
Sect.  28,  Section  28,  plate  5,  crosses  the  upper  part  of  the  coalfield  from  the  Eirewash  VbIIot'  in  an 

Plates.  easterly  direction,  and  enters  the  Magnesian  Limestone  at  Abbey  Wood,  passing  Hucknall  Torkard 
and  ending  at  Toot  Hill  near  Bingham.  The  position  of  all  the  coals  is  marked  in  the  section  from 
the  «  clod  coal "  up  to  the  2ft.  6in.  seam,  which  lies  nearly  300  feet  above  the  top  hard  coal,  viz., 
in  ascending  order  as  follows:  •'dod  coal,"  "three  qoarters  cad," « deep  hard  coal,  3  ft,"  «deep 
soft  coal,  3ft.  ein.,"  « top  hard  coal,  5  ft.,"  «coal  seam,  2ft.  6  in."   Underneath  AbbOT  Wood  tbe 
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Magne»an  Limestone  is  about  60  feet  thick,  and  the  "  top  hard  coal "  will  there  lie  about  900  or  950  Mvm  O. 
feet,  beneath  the  surface,  and  the  "  dod  coal "  probably  about  1,900  &et  from  tiie  snriaoe.   Under  the  ~^ 

New  Bed  Sandstone  and  IVIognesian  Limestone  at',LoDg  Hills  the  depth  to  the  "top  hard  coal  "has  been 
estimated  at  abuul  from  1,100  to  1,200  feet  A  shaft  was  sunk  at  Hucknall  Torkard,  and  after 
pasdng  through  several  unimportant  coals  the  "  top  hard  "  was  reached  at  a  depth  of  1 ,236  feet,  in  No.  3 
shaft.  In  No.  1  sliaft  the  "  Combe  coal "  was  reached  at  a  depth  of  1,164  feet,  and  the  "  top  hard  " 
might  be  expected  a  few  feet  lower  down.  Near  Hundred  Acre  Farm,  as  shown  on  the  section,  the 
depth  to  the  "  top  hard  coal  would  be  about  1,500  to  1,700  feet ;  beneath  the  New  Red  Marl  of 
Dorket  Head  at  a  little  over  1,700  feet,  and  approximately  at  the  same  depth  near  Langley,  for 
after  passing  under  the  Magnesian  Limestone  the  Coal-measures  seem  to  be  flattening,  thus  giving 
some  indications  of  a  bnsin-ehaped  form,  and  if  the  Coal-measures  rise  to  the  east  underground,  from 
the  country  between  Arnold  and  Calverton,  with  a  dip  of  only  half  a  degree,  the  "  top  hard  coal" 
might  possibly  crop  against  the  base  of  the  Magnesian  Limestone  north  of  the  line  of  section  some- 
where in  the  neighbourhood  of  South  welL 

Section  No.  19o,  plate  4,  runs  from  Critch  across  the  Derbyshire  Coalfield,  by  Wingtield  Manor  Sect.  i&a. 
and  Kirkby  Woodhouselo  the  pork  at  Newstead  Abbey.  Eleven  beds  of  coal  from  the  Ganiater  p1m«*. 
coals,  up  to  the  2ft.  lOin.  coal,  are  shown  in  the  section,  including  the  "Kilbum  coal,"  "  clod  coal," 
and  the  "  lower "  and  '^p  hard "  co^.  Where  the  Coal-measures  pass  below  the  edge  of  the 
Magnesian  Limestone  at  Kirkby  Woodhouse,  the  "  top  hard  coal  is  about  from  700  to  760  feet  from 
the  surface,  and  the  lower  coals  follow  beneath  at  depths  well  known,  or  which  may  be  safely  inferred. 
Underneath  the  point  marked  Kirby  Forest  on  the  section,  the  "top  hard  coal  "lies  at  a  depth  of 
about  1,400  feet,  200  of  which  consist  of  Magnesian  Limestone  and  Marls,  New  Red  Sandstone,  and 
drift  gravel.  This  coal  I  believe  is  the  same  as  that  sunk  to  in  the  Annesley  Colliery,which  there 
eoaMof— 
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The  depth  to  the  comb  coal  in  the  shaft  vras  1,419  feet  Jud^ng  from  what  is  known  of  the 
general  lie  of  the  Carboniferous  strata,  and  from  what  may  be  inferred  by  study  of  the  surf^  of 
the  district,  the  "  top  hard  "  coal  is  assumed  to  lie  approximately  at  the  same  kind  of  depth  towards 
the  grounds  of  Newstead  Abbey,  and  underneath  the  extreme  east  end  of  the  seotitm  it  may  perhaps 
lie  at  a  depth  of  fiom  1,500  to  1,600  feet. 

The  east  end  of  section  No.  20,  plate  4,  runs  across  the  coalfield  and  the  overlying  strata  &om  Stat  to 
Ghatsworth  Park,  through  Chesterfield,  Bolsover,  to  the  New  Red  Marl  of  Wellow  Park.  The  orig^  *• 
section  from  which  this  has  been  prepared,  was  constructed  by  Professor  FliiUips,  and  gives  a 
thickness  for  the  Carboniferous  rocks  above  the  Millstone  Grit  of  about  3,200  feet.  These  pass  under 
the  Magnesian  Limestone  at  an  angle  so  low  that  there  is  scarcely  any  apparent  difference  between 
the  dip  of  the  Carboniferous  rocks  and  the  Permian  strata. 

Lidependently  of  the  Ganister  beds,  all  ike  cods  of  the  district,  from  the  "  Alburn  coal  **  to  the 
top  hard  coal "  and  other  overlying  beds,  pass  under  the  Magnesian  Limestone  as  drawn  on  the 
section.  The  "  top  hard  coal "  passes  underneath  the  western  edge  of  the  Magnesian  Limestone  at 
a  depth  of  about  900  feet,  and  the  "  deep  hard  coal  "  at  about  1,500  feet,  while  the  other  coals  in 
general  may  be  expected  to  follow  at  their  respective  depths  from  tiiese,  as  known  in  the 
adjacent  coalfield.  Assuming  the  coalfield  to  lie  in  the  form  of  a  basin,  rising  very  gently  both  to 
the  west  and  to  the  east,  and  aj^proximately  at  the  same  angles,  the  top  of  the  MiUstone  Grit  may 
be  ronghly  supposed  to  crop  against  the  probable  base  of  the  Magneuan  Limestone  within  a  few  miles 
west  of  llie  Oolitic  escarpment  of  Lincolnshire  at  a  depth  which  we  have  not  yet  sufHdent  data  to 
estimate,  but  which  may  be  roughly  stated  at  not  less  than  1,500  feet  below  the  level  of  the  sea.  If 
there  be  any  truth  in  this  idea,  the  eastern  edge  of  tiie  productive  portion  of  the  coalfield  would  crop 
up  east  of  the  eastern  end  of  the  section,  somewhere  or  other  near  the  western  bank  of  the  Trent. 
Tne  survey  of  the  Yorkshire  part  of  this  coalfield  by  the  Government  Geological  Survey  has  not  yet 
been  quite  completed,  and  therefore  no  longitudintd  sections  are  yet  drawn  and  engraved,  showing 
the  precise  relations  of  the  Carboniferous  strata  to  the  overlying  Milesian  Limestone  and  New  Kea 
Sandstone.  Enough,  however,  is  known  to  enable  me  to  state  the  case  generally.  By  reference  to 
the  lithfloraph  that  accompuuea  Mr.  Green's  evidence,  page  D  92,  it  wiU  be  seen  that  a  line  <^  section  GrWs 
mns  E.N.£,  from  the  nei^bonrhood  of  Bamsley  across  the  Ackworth  Bock,  and  over  the  luiiognpb. 
Magnenan  Limestone  and  New  Bed  Sandstone  in  tbe  direction  of  Snuth.  It  crosses  the  outcrops 
of  the  «  Silkstone  "  or  "  Black  Shale,"  the  «  Bamsley  '*  or  « top  hard  coals,"  and  the  Upper  Chevet 
Rock.  The  Ackworth  Bock  or  Sandstone  le  the  highest  known  Carboniferous  bed  in  the  Derbyshire 
and  Yorkshire  coalfield.  It  is  an  outlier,  round  which,  if  the  field  be  a  basin,  the  whole  of  the  other 
strata  will  drcle,  in  the  manner  shown  in  the  woodcut  b^  the  outcrop  of  the  Upper  Chevet  Rock 
and  the  boundary  of  the  productive  Coal-measures  indicated  by  Mr.  Green.  Accor^ng  to  the 
section  accompanying  the  map,  the  Bamsley  or  "  top  hard  coal "  will  lie  beneath  the  edge  of  the 
Magnesian  Limestone  at  a  depth  of  about  1,850  feet,  and  the  Silkstone  coal  at  a  depth  of  about  2,850 
feet.  The  position  of  the  various  beds  of  coal  near  Leeds  is  shown  on  the  map  strikmg  eastwards^ 
and  passing  under  the  Magnenan  Limestone,  and  by  a  cMrefol  considention  of  these  and  similar 
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avorts.  oircomBtADoes  it  will  be  easy  to  detennine  approxiinately  the  depth  to  any  partioular  bed  of  coal, 
by  pierdng  the  Magnerian  Limestone  anywhere  near  its  escarpment,  or  even  considerably  further  to 
the  east  through  the  Kew  Red  Sandstone.  On  the  hypothesis  mentioned  in  Professor  Ramsay's 
evidence  that  the  coalfield  is  a  basin,  the  method  of  estimating  these  depths  has  already  been  indicated 
in  the  descriptions  of  sections  28  and  20 ;  and  it  would  probably  not  be  too  much  to  assume  that  as 
much  of  the  coalfield  is  concealed  beneath  the  Permian  and  New  Bed  strata  as  that  which  is  exposed 
to  the  surface  westvrard  of  the  escarpment  of  the  Magnesian  Limestone.  Roughly  speaking,  the 
thickness  of  the  Magnesian  Limestones  between  Nottingham  and  the  country  east  of  Leeds  may  be 
estimated  as  Tarying  from  60  to  400  feet.  The  following  thicknesses  from  south  to  north  have 
been  ^ven  by  Mr.  Russell  of  the  Geol(^ical  Survey  : — 

In  the  neoghbourhood  of  Longhilb,  near  Hncknall  Torkard,  about  -       -    100  feet. 

Near  Annealey,  about             -             -             -             -  -120„ 

Near  Kirkby  Forest,  about             -             -             -  -       -    100  „ 

Near  Warsop,  about  -             -             -             -             -  -14iO„ 

Near  Shireoaks              -             -             -             -  -       -    318  „ 

Near  Doncaster,  about  -----    360  „ 

AtOustonPark             -             -             -             -  -       -    262  „ 

At  Byram  Hall  (4  miles  N.K  of  Fontefract)            -  -    312  „ 

The  Upper  and  Middle  Permian  Marls  are  included  in  some  of  these  thicknesses.  At  Ouston 
Park  the  Coal-measures  were  not  reached,  but  water  flowed  abundantly  out  of  the  hole,  whi<^  looks 
as  if  the  bottom  of  the  limestone  was  not  far  ofE  At  Byram  Hall  they  commenced  on  the  Upper 
Mwienan  Limestone. 

^e  extreme  thickness  of  the  New  Red  Sandstone  below  Wellow  Park,  east  of  Ollerton,  is  abont' 
660  feet)  and  it  would  not  be  safe  to  estimate  the  greatest  thickness  of  the  !New  Red  Marl  at  less  than 
600  or  900  feet.  The  overlying  Lower  Lias  may  be  about  ^00  feet  thick,  but  as  yet  we  have  no 
certain  information  respecting  the  thicknesses  of  the  Liassic  and  Oolitic  strata  of  Lincolnshire. 

The  country  composed  of  lower 'Carboniferous  rocks  that  lie  beneath  the  Coal-measures  between  the 
neighbourhood  of  Leeds  and  the  south  end  of  the  ^Durham  coalfield  has  not  yet  been  mapped  in  such 
detail  by  the  Geological  Survey  as"  to  enable  me  to  deal  completely  with  all  the  physical  questions 
oonnected  with  it.  It  is  certain  ttiat  everywhere  in  this  region  adjoining  the  Magnesian  Limestone 
and  New  Red  Sandstone  the  strata  consist  of  Millstone  Grit  and  Carboniferous  rocks  still  older.  By 
reference  to  the  evidence  given  by  Mr.  Ward,  pp.  D.  93  to  95,  it  will  be  seen  that  he  considers  it 
probable  that  in  consequence  of  a  combination  of  strikes  and  &ultB  in  the  Millstone  Grit  series 
between  the  neighbourhood  of  Leeds  and  Enaresborough,  accompanied  *by  what  he  considers 
indications  of  a  general  easterly  dtp  at  a  low  angle.  Coal-measures  may  come  in  under  the 
Magnesian  Limestone  and  New  Red  series  between  the  Yorkshire  and  Durham  coalfields,  eastwards 
towards  York,  supposing  the  strike  of  the  Yorkshire  coalfield  turned  in  a  north-easterly  direction 
under  the  M^nesian  Limestone  strata. 

Professor  Phillips,  p.  D  80,  is  doubtful  whether  the  two  ooalfields  may  form  two  distinct  basins, 
separated,  by  denudation,  or  whether  they  may  not  be  joined  on  the  eastward  underneath  the 
Permian  and  Secondary  strata,  but  he  "cannot  reasonably  expect  to  find  a  return  of  the  curve 
within  a  moderate  distance  to  the  eastward,"  and  he  does  not  "  think  that  it  shots  out  the 
probability  of  coal  in  the  southern  part  of  the  Vale  of  York  or  the  eastern  part  of  Cleveland." 
On  the  whole  in  a  practical  punt  of  view  he  conriders  "  that  there  is  as  much  to  be  said  on  one 
"side  as  the  other." 

Strong  opinions  have  been  given  in  evidence  on  the  other  side  of  the  question.  The  chairman.  Sir 
Roderick  Murchison,  D  30,  q.  329,  expresses  his  belief  "  as  to  the  non-existence  of  a  coalfield  under 
the  eastern  part  of  Yorkshh-e  "  in  the  area  referred  to,  and  m  D  32,  q.  3tt0,  he  agrees  with  Professor 
Ramsay  that  the  Northumberland  and  Durham  coalfield  is  a  basin,  "  and  that  fact  shuts  out  the 
possibility  of  the  upper  or  productive  Carboniferous  rocks  being  found  under  the  eastern  district  of 
Yorkshire."    Mr.  Hull  in  his  evidence,  pp.  D  28,  30,  also  agrees  with  these  views. 

It  has  been  stated  by  Mr.  Howell  in  his  evidence,  p.  D  91,  that  he  considers  the  Northumberland 
and  Durham  coalfield  to  be  a  basin,  the  eastern  edge  of  which  is  concealed  by  the  Permian  and  New 
Bed  strata.  Professor  R^say  in  his  evidence  has  expressed  an  opinion  that  the  Derl^shire  and 
Yorkshire,  and  Northumberland  and  Durham  coalfields  and  others  were  once  united,  and  have 
emix  been  separated  by  denudation,  and  that  just  as  the  Yorkshire  and  Lancashire  coalfields  have 
been  separated  by  this  process,  leaving  a  comparatively  narrow  area  of  Millstone  Grit  between  them, 
80  the  Derby  and  Yorkshire  and  Northumberland  and  Durham  coalfields  have  been  separated  by  a 
broad  anticlinal  area  of  lower  unproductive  Carboniferous  rocks,  consisting  of  a  number  of  anticlinal 
and  synclinal  curves,  which  unproductive  area  passes  eastwards  under  die  Oolitic  rocks  of  Yorkshire 
and  separates  the  coalfields  into  two  distinct  basins. 

Mr.  Green  in  his  evidence  has  shown  tlmt  he  is  of  opinion  that  the  Yorkshire  and  Derbyshire 
coalfield  is  most  probably  a  basin,  and  Mr.  Howell,  who  has  obtained  some  further  proof  since  he 

fave  his  evidence,  holds  the  same  view  with  regard  to  the  Durham  and  Northumberland  coalfield, 
n  the  neighbourhood  of  Richmond,  Yoredale  rodcs  with  limestone,  well  below  the  Millstone  Qrit, 
strike  under  the  Secoai&rr  formations,  and  on  the  whole  the  evidence  seems  against  Coal-measures 
nnderlying  a  great  part  of  the  Secondary  rocks  between  the  Tortehire  and  Durham  coalfields. 

In  spite  of  minor  complications  induced  by  faults,  the  structure  of  the  Northumberland  and 
Durham  coalfield,  and  its  relation  to  the  overlying  Permian  rocks,  is  exceedingly  simple.  On  the 
banks  of  the  Tyne,  and  further  to  the  south,  the  whole  of  the  coalfield  above  the  Millstone  Grit  is 
from  1^900  to  2,000  feet  thick.  It  contiune  eight  or  ten  important  beds  of  cool,  which  pass  under 
tfaa  Magnet  Limestone  on  the  east;  and  excepting  at  the  extreme  south  end  of  the^^Kwlfield, . 
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soath  end  of  the  ooolfield,  all  the  Coal-measure  strata  may  be  expected  beneath  these  Fennian  B«aMit. 
rocks  at  depths  which  can  be  easily  calculated. 

At  the  Monkweaimonth  cdUeiy  the  depth  throuc^  the  Mi^nesian  Limestone  to  the  Coal-measures 
is  about  240  feet,  and  at  Ryhope  Colliery,  including  certam  Sandstones  at  the  base,  the  Permian 
strata  are  323  feet  thick.  At  Monkwearmouth  a  shaft  has  been  sunk  to  the  Hutton  seam  at  a  depth 
of  1(680  feet*  and  from  thence  a  boring  has  been  made  to  the  Harvey  seam  at  a  depth  of  1,870  feet. 
Mr.  Howell,  who  gives  these  details,  assumes  that  the  Busty  coal  will  occur  below  this  shaft,  at  a 
depth  of  2,148  feet,  and  the.Brockwell  at  2,268  feet  The  base  of  the  Canister  beds  or  top  of  the 
Mulstone  Grit  mav  probably  lie  about  150  to  200  feet  lower.  At  Kyhope,  nearly  three  miles 
further  south,  all  the  coals  m>m  the  Five-quarter  (973  feet)  to  the  Hutton  seam  (1,630  feet)  have 
been  sunk  through  in  the  shaft,  and  the  Harvey,  Busty,  and  Brockwell  seams  probably  lie  below  the 
last,  within  a  depth  of  about  2,120  feet;  and  150  feet  or  so  lower  the  Millstone  Grit  may  be  expected. 
On  the  western  edge  of  the  Magnesian  Limestone,  the  Coal-measares  pass  mkder  these  strata  at  an 
angle  generally  of  atwnt  2°,  and  ue  dip  of  the  Abignesian  Limestone  is  approximately  the  same. 

On  an  east  and  west  line  between  Rainton  Bridge  and  Seaham  Harbour  the  Coal-measures  pass  fleet  St. 
under  the  Magnesian  Limestone  in  the  manner  shown  in  section  32,  plate  5,  by  Mr.  Howell.  At  ^ 
Seaton  Colliery  the  Abgnesian  Limestone,  with  a  little  sand  at  the  base,  is  514  feet  thick.  The 
Hutton  seam  tiiere  lies  at  a  depth  of  1,527  &et ;  the  Harvey  seam  at  1,688 ;  the  Busty  seam  at 
1,797;  and  the  Brockwell  seam  is  supposed  by  Mr.  Howell  to  lie  at  a  depth  of  about  1,917  feet 
The  Ganister  beds  and  Millstone  Grit  will  follow.  On  the  clifF  above  Seaham  Harbour  the  depth 
to  Coal-measures  through  the  Magnesian  Limestone  is  believed  to  be  about  580  feet,  and  the  easterly 
dip  of  about  2°  seems  to  continue  so  far. 

It  is  stated  by  Mr.  Howell  that,  **  At  Castle  £den  Colliery,  eight  miles  south  of  Seaton  Colliery, 
"  and  one  of  the  most  southerly  coUieries  in  the  eastern  part  of  me  coalfield,  the  Magnesian  Lime- 
"  stone  is  632  feet  thick,  and  the  Main,  Low  Main,  and  Hutton  seams  have  been  found  at  the 
"  respective  depths  of  759  feet,  862  feet,  and  1,039  feet  from  the  surface;  and  a  boring  put  down 
**  at  the  same  colliery  from  the  floor  of  the  Hutton  seam  has  proved  the  Harvey  seam  at  a  further 
"  depth  of  136  feet.  The  Busty  and  Brockwell  seams  would  probably  be  found  below  within  a  depth 
"  of  1,430  feet  &om  the  surface.  The  much  greater  thickness  of  the  Magnesian  Limestone,  and  the 
"  decreasing  depths  at  which  the  coal  seams  are  here  found  beneal^  its  base,  compared  with  the 
"  depths  of  the  same  coals  at  Monkwearmouth,  Ryhope,  and  Seaton  cdlieries,  clearly  proves 
"  the  unconformity  of  the  Permian  rocks  on  the  Coal-measures,  and  also  seems  to  indicate  that  we 
*'  are  here  approaching  the  southern  termination  of  the  coalfield  under  the  Magnesian  Limestone  to 
**  the  south-east" 

In  the  nfflghbourbood  of  Bishop  Auckland,  at  Shildon,  Eldon,  and  Middridge,  the  true  unoon- 
fbrmity  <j£  the  Magnenaa  Limestone  becomes  ap^rent,  gradueJly  overlappmg  the  Coal-measure 
strata  in  succession,  till  at  length  it  lies  on  the  Millstone  Grit  between  Houghton-le-Sider  and 
Heighington,  eight  miles  north-west  of  Darlington. 

Acco]^iDg  to  statements  nude  by  Mr.  Howell  since  he  gave  his  evidence,  "the  south  end  of  the 
"  Dnriiam  coalfield  is  travened  by  a  &ult  called  the  '  Butterknowle  Dyke,*  miming  in  a  W.S>W. 
"  and  E.K.R  direction  through  the  ctdBeries  of  Butterknowle,  Etherley,  Westerton,  Comforth,  and 
<'  Gurmondray  Moor,  and  depressing  the  strata  on  its  south  side  700  feet,  three  miles  E.N.E.  of 
"  Bishop  Auckland,  by  which  the  higher  productive  Coal-measures,  from  the  Five-quarter  seam 
"  downwards,  are  brought  in  beneath  the  overlyii^  Permian  rocks  at  Leasiogthorne,  Black  Bov,  and 
"  Eldon  collieries.  These  Coal-measures  at  Brussleton,  Shildon,  Eldon,  and  Middridge  rise  sharply 
"  to  the  sottdi  and  south-east,  and  the  lowest  coal  or  Brockwell  seam,  where  it  is  overlapped  at  its 
"  outcrop  by  the  Magnesian  Limestone  immediately  east  of  Shildon,  dips  to  the  N.W.  at  an  angle 
"  of  from  15°  to  18°,  and  this,  in  my  opinion,  helps  to  indicate  that  the  coalfield  may  be  a  basin, 
"  and  that  we  have  here  the  commencement  of  the  south-easterly  termination  of  it." 

In  his  evidence  Mr.  Howell  states,  p.  91  D,  "  The  centre  of  the  basin  is  on  a  line  beneath  the 
"  Vcnrth  Seaton  Oollierr  and  Jarre*.  South  of  the  Tyne  the  axis  of  the  basin  passes  under  the 
"  Permian  rocks  and  the  Magnesian  Limestone  in  a  line  from  Jarrow  to  Monkwearmouth  Colliery, 
*'  which  is  supposed  to  be  the  bottom  of  the  basin.  The  beds  there  are  nearly  flat ;  they  are  supposed 
"  to  rise  on  all  sides." 

South  of  Monkwearmouth  the  bottom  of  the  basin  is  supposed  to  be  under  the  sea  and  beneath  the 
Magnesian  Limestone.  Under  these  circumstances,  if  the  coalfield  be  a  basin,  the  Millstone  Grit 
migfit  posffibly  crop  up  agunst  the  base  of  the  Permian  rocks  between  the  mouth  of  the  Tees  and 
Hartlepool,  and  the  evidence  tends  rather  to  show  that  the  Coal-measures  would  be  found  beneath 
Ihe  whole,  or  almost  the  whole,  of  the  New  Red  Sandstone  and  M^nesian  Limestone  country  north 
d  a  line  drawn  from  Seaton  Carew,  south  of  Hartlepool,  to  Middridge  Grange,  four  miles  S.E.  <Mf 
Bishop  Auckland,  and  that  to  the  south  of  this  line  and  in  the  Valley  of  the  Tees  the  newer  forma* 
tions  rest  upon  the  Millstone  Grit  and  Yoredale  rooks.  Under  these  ciroumstanoes,  the  eastern  side 
of  the  basin  running  up  to  join  the  MiUstooe  Grit  near  Alnmouth  will  be  well  out  at  sea,  as  stated  b 
tile  endenee»  p.  D  91. 

I  have  now  to  consider  the  country  between  Morectunbe  Bay  and  the  Whitehaven  coalfield.  On 
the  north  aide  of  the  bay,  between  Burton  and  Duddeon  Mouth,  all  the  Carboniferous  strata  belong 
to  die  Carboniferous  Limestone  and  Yoredale  series,  and  contain  no  coals.  Misled  by  the 
associated  shales,  a  fruitless  attempt  has  been  made  to  find  coal  at  Stank  near  Furness. 

Neither  is  there  the  slighest  ensnoe  of  coals  being  found  beneath  the  Permian  strata  anywhere 
between  Foulney  I^nd  and  St.  Bees  Head.  Between  Foulney  Island  and  Egremont  the  Permian 
rocks  lie,  either  oq  unproductive  Carbonit'erous  Limestone  or  Lower  Silurian  rocks,  and  as  the 
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B^py^P sea  beneutli  the  Permian  beds  of  St.  Beea  Head,  under  which,  on  the  north,  a  smail  portion  of  the 
luenBureB  of  the  WhitehaTen  coalfield  may  be  found. 

The  rocks  of  the  Yale  of  Eden  on  the  east  condstof  Silorian  strata  and  a  little  Old  Red  Sandstone. 
The  whole  of  the  TiUley  is  encircled  hj  Carboniferous  rooks,  chiefly  of  limestone.  Sonth  of  the 
Solway  Firth  the  latter  formation  is  overlaid  perhaps  by  Millstone  Grit,  on  which  rests  the  measures 
cf  the  Whitehaven  coalfield.  The  lowlands  consist  of  various  divisions  of  tJie  Permian  strata, 
dipping  north-easterly,  between  the  neighbourhood  of  Penrith  and  the  country  near  the  upper  end 
of  the  valley. 

These  Permian  rocks  are  fiiulted  agamst  the  Silurian  and  Carboniferous  strata  on  the  east  side  of 

the  valley,  and  near  Dufton,  where  the  uppermost  Permian  beds  come  in,  their  extreme  thickness 
must  be  very  great.  At  Carlisle  and  its  neighbourhood  a  patch  of  New  Red  Marl  overlies 
the  Permian  beds,  nud  on  this  there  lies  a  smaller  patch  of  Lower  Lias  clay,  mnoh  obscured  by  drift. 
On  the  western  side  of  the  valley,  and  in  the  country  south  of  Solway  Firth,  the  P«rmian  rocka  lie 
directly  and  nnconformaUy  on  Carboniferous  strata  of  various  i^es.  In  this  opinion,  Prof.  Ramsay 
difiera  from  Prof.  Harkness,  who  considers  that  the  juxtar-position  of  the  Permian  and  Carboniferous 
rocks  is  produced  by  a  fault  along  the  whole  line.  (See  Replies  to  Circular  D.  1.)  North-east  of 
Gretna  Green,  at  Canobie,  in  Scotland,  a  patch  of  Coal-measures  overlies  the  Carboniferous  Lime- 
stone in  a  small  area.  It  is  cut  off  to  the  north-west  and  south-east  by  faults,  and  is  overlaid  by 
Permian  strata.  Eight  seams  of  coal,  having  an  aggregate  thiokn^  of  42  feet,  are  contained  in  tius 
field.  (See  Mr.  Geikie's  Report.) 

The  Geological  Survey  has  not  yet  mapped  the  Whitehaven  coalfield,  and  from  that  source  we 
have  as  yet  no  detailed  information  respecting  the  thickness  of  the  coalfield  and  number  of  workable 
beds  of  coal  that  it  contains,  but  some  derails  tire  given  in  the  evidence  of  Mr.  Forster  (c.  p.  61),  and 
in  Mr.  Hull's  "Coalfields  of  Great  Britain,"  p.  137.  The  question  is,  how  much  of  the  Permian  strata 
overUes  the  continuation  of  ^e  coalfield  northward  towards  the  Solway  Firth  and  Canobie,  and  if  the 
equividents  of  the  Coal-measures  of  the  Whitehaven  coalfield  may  be  expected  beneath  the  Permian 
beds  in  the  Vale  of  Eden  south-east  of  Carlisle. 

Lying,  as  these  Permian  rocks  do,  directly  and  with  a  kind  of  accidental  conformity  on  the 
Carboniferous  Limestone  on  great  part  of  the  western  side  of  the  valley,  there  seems  no  probability 
that  any  beds  of  coal  will  be  foun^  underneath  these  strata  between  the  country  a  little  south  of 
Carlisle  and  Kirkby  Stephen,  except  those  thin  and  comparatively  valneless  coals  that  oocanonally 
occur  associated  with  the  shales  and  sandstones  of  the  Carboniferous  Limestone  series  and  the 
Millstone  Grit.  Between  the  neighbourhood  of  Hutton  and  Kirkby  Stephm,  the  Limestone  series 
probabty  directly  underlies  the  Permian  strata, — north  of  Hntton  for  some  distance,  the  Millstone 
Grit, — and  beyond  that  it  is  not  impossible  that  the  base  of  the  Coal-measures  may  pass  in  a  curved 
line  northwards  through  the  district  near  Cariide  to  join  the  Canobie  coalfield,  and  that  an  upper 
boundary  of  the  Coal-measures  may  run  from  Canobie  across  the  Solway  Firth  near  Domock,  and 
so  out  to  sea  some  miles  west  of  Maryport.  It  would  not,  however,  be  safe  to  consider  that  this 
hypothetical  coalfield  would  be  found  underneath  the  Permian  rocks  of  all  that  area,  since 
Mr.  Geikie  has  been  led  to  infer  "that  the  Carboniferous  Limeettme  series  undulate  below  the 
Permian  beds  in  a  series  of  small  ba«ns,'*  and  therefore  it  is  imposnble  to  say  where  coal  seams  mi^t 
be  found,  beyond  the  immediate  edge  of  the  coalfield  now  worked.  There  may,  besides,  be  con- 
cealed faults  cutting  out  the  Coal-measures.  For  the  possibility  of  finding  coals  beneath  other  patches 
of  Permian  strata  in  Scotland,  see  Mr.  Geikie's  Report 


D  6.— SUMMARY. 

The  Wabwickshiee  Coalfield. 

^ABHor  From  the  foregoing  ^art  of  my  report  it  is  shown  that  the  whole  of  the  coals  of  this  coalfield 

jS^i'wi.  Permian  strata  of  tMs  district,  at  least  as  far  as  two  miles  south  of  Coventry,  and 

YTestward  to  the  western  faults  that  bound  the  Permian  strata. 

Underneath  the  Permian,  north  and  east  of  a  line  running  from  Parsonage  Farm,  one  mile  S.&E. 
of  Maxtoke  to  the  nei;|;hbourhood  of  Corley,  through  Coventry,  and  fnnn  thence  to  Whaley  Abbey, 
Coal  measures  may  be  found  beneath  the  Permian  strata  at  depths  probablr  not  greater  tlun  about 
1,000  feet,  and  beneath  this  the  depth  to  the  « 4-foot  coal"  is  probably  under  700  feet,  or  1,700  feet 
in  all.  The  "  bench  coal "  may  be  expected  at  about  350  feet  lower,  and  between  these  will  be 
found  the  "  7-foot "  coal,  the  "  rider  "  and  "  bare  "  coal.  This  gives  about  2,050  feet  for  the  lowest 
workable  coal  in  that  area,  the  whole  gradually  approaching  nearer  to  the  sur&ce  toward  the  eastern 
and  northern  edge  of  the  Permian  strata,  in  the  maimer  shown  in  the  sections. 

South  and  west  of  this  area,  as  jEkr  as  the  shading  on  the  map  extends,  Coal  measures  may  be 
expected  at  from  1,300  to  1,000  feet  from  the  surface,  and  the  above-mentioned  coals  at  corresponding 
depths,  or  perhaps  somewhat  less,  as  the  Go^  measures  are  thinning  in  that  direction.  The  depth  to 
the  4-foot"  coal  under  these  circumstances  probably  cannot  be  more  than  2,000  feet,  and  the  whol* 
of  the  seams  may  be  fonnd  at  a  less  depth  than  2,500  feet 

It  must  be  remembered  that  passing  south  to  the  country  near  Coventry  the  "  4-foot,"  "  rider," 
''bare,"' and  slate"  coals  coalesce,  and  the  ''7-foot''  coal  comes  to  within  half  its  usual  average 
depth  from  the  "  slate  "  coal.  It  may  be  also  that  the  whole  deteriorates,  and  periiaps  altogether 
thins  away  before  reaching  the  southern  edge  of  the  shading  on  the  map.  The  other  minor  coaJs  are 
less  important,  and  are  not  menlioned,  though  all  over  one  fbot  are  indnded  in  "Mx.  Woo^oose'e 
estimate- 

The  surface  of  the  whole  of  the  area  of  the  Permian  rocks  which  overlie  the  Coal  measures  as 
indicated  above  may  be  estimated  at  about  73  square  miles,  which,  taldng  Mr.  Woodhouse's  dat% 
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ftppewn  to  be  jast  about  treble  the  area  allowed  by  him  as  holding  available  coals  in  the  coalfield.  Beportp. 
This,  making  allowance  for  what  has  been  cnlculated  as  proved  beneath  the  Permian,  will  l«bve  an 
area  yet  unworked,  probably  containing  about  2,165,411,483  tons  of  coal. 

On  the  supposition  expressed  in  the  previous  part  of  the  report,  there  may  be  an  area  of  about  five 
square  miles  in  the  country  south  of  Kingsbury  containing  available  coals,  which  may  possibly 
contain  a  total  tonnage  of  about  150,000,000  tons ;  but  this  is  doubtful  ground.  The  Permian  rocks 
may  partly  underlie  the  New  Bed  beds  of  that  area.  The  greatest  depth  to  tho  Coal  measures  beneath 
it  might  be  about  500  feet. 

West  and  south  of  the  southern  edge  of  the  shading  between  the  Warwicksliire  and  South 
Stafford^re  coalfields  the  existence  of  profitable  Coal  measures  beneath  the  New  Ked  and  Permian 
■trata  is  exceedingly  doubtful.  Though  profitable  Coal  measures  may  possibly  exist  in  purt  of  the 
area,  yet  it  is  safest  to  consider  the  occurrence  of  these  Coal  measures  as  doubtful,  and  the  ground 
as  probably  unprofitable. 

The  Ground  between  the  Wabwiokshirb  and  Leicestbbshire  Coaleields,  and 

BETWEEN  THE  SoUTH  StAPFORDSHIBE  AND  COLEBROOKDALE  COALFIELDS. 

On  the  east  side  of  tiie  Warwickshire  coalfield  the  marl  has  been  pierced,  and  Coal  meaBores 
reached  in  sereral  places  towards  Ghamwood  Forest.  Around  Hinckley  and  further  south,  profitable 
Coal  meaaurea  may  possibly  exist,  but  nothing  certain  is  known  about  them.  North  of  that  region 
tracts  of  Coal  measures  underlie  the  New  Bed  oede,  towarda  the  Coleorton  district,  and  south  and  west 
of  the  Moira  district  of  the  Leicestershire  coalfield.  It  is  considered  that  the  Coal  measures  of  the 
Moira  district  underlie  the  Permian  and  New  Bed  beds  between  the  coalfields,  embracing  an  area 
of  about  15  square  miles.  This  will  give  somewhat  more  than  1,000,000,000  of  avulable  tons,  afUr 
making  allowance  for  the  (tfoved  Sub-Permian  coals. 

South-east  and  south  of  the  Coleorton  district  it  is  probable  that  the  Coleorton,  Heather,  and 
Bagworth  coals  may  be  safely  calctdated  on,  at  least  as  far  south  as  Market  Bosworth  and  Desiford, 
or  even  further  souu  beneath  the  New  Red  marl    But  estimating  the  ground  north  of  the  last-named 

Cat  from  25  to  28  square  miles,  and  making  allowance  for  the  coals  proved  under  the  New  Bed 
it  may  still  contain  unwwked  about  790,000,000  tons  of  coal. 
The  depth  to  most  of  the  valuable  coals  now  worked  in  these  areas  will  be  everywhere  under 
1,000  feet. 

Beginning  about  1^  mile  north  of  Atherstone,  on  the  east  side  of  the  Warwickshire  coalfield,  th^ 
is  a  tract  of  country  that  may  posubly  contain  about  six  square  miles  of  coal.  If  so,  this  might 
yield  about  179,000,000  of  tons,  at  depths  varying  from  800  to  2,000  feet.  It  is  ^nito  posnble  that 
Coal  measnrea  may  exist  further  east^  oat  the  whole  of  ^t  area  is  too  onoertam  for  any  definito 
opinion  to  be  formed  on  the  subject 

If  a  line  be  drawn  east  from  the  north  end  of  the  South  Staffordshire  coalfield  generallv 
following  the  direction  of  the  river  Trent,  there  is  a  tract  of  country,  in  the  middle  of  which 
Lu^eld  stands,  and  extending  about  five  miles  south  of  that  dty,  bounded  by  the  South  Staf- 
fi>KUiire  and  Warwiokdiire  coalfields  on  the  east  and  west.  The  area  comprises  about  116 
miles.  As  &r  as  the  evidence  goes,  it  seems  probable  that  Coal  measures  may  underlie  this 
country.  The  depth  to  these  would  probably  be  nowhere  greater  than  2,100  feet,  even  in  the 
^pest  part  of  liie  district,  and  an  additions  depth  of  from  700  to  1,000  feet  below  this  would 
proDftbly  reach  tiie  coals.  But  in  such  wide  and  uncertain  ground  it  is  impossible  to  state  with 
certainty  that  the  Coal  measures  are  everywhere  present  If  ^ey  are  present,  and  if  we  allow  an 
average  thickness  of  30  feet  of  coals,  the  country  might  contain  about  3,400,000,000  of  tons.  A  large 
portion  of  this  may  be  considered  ae  certain,  but  its  actual  position  doubtful. 

If  an  east  and  west  line  be  drawn  from  Rugeley  to  the  north  end  of  the  Colebrookdale  coalfield, 
then  between  that  line  and  the  southern  edge  of  the  unbroken  shading  running  from  Colebrookdale 
to  the  south  end  of  ^e  South  Staffordshire  coalfield,  240  square  miles  of  Permian  and  new  red  strata 
lie  between  the  two  coalfields.  According  to  the  evidence  it  is  supposed  that  Coal  measures,  con- 
taining the  coals  of  the  two  coalfidds,  may  underlie  the  whole  of  this  area.  If  we  average  the  coals 
at  SOfeet,  the  result  would  be  7,170,000,000  tons,  at  various  depths,  some  parts  of  which  must  lie 
beyond  4,000  feet  in  depth.  A  tract  of  new  red  marl,  from  five  to  six  miles  wide,  lies  between  the 
northern  parts  of  the  two  coalfields,  forming  an  area  of  about  45  square  miles. 

In  the  whole  of  the  renuiining  country  between  the  two  ooalfidds  Coal  measures  mav  be  expected 
at  less  than  4,000  feet  in  depth,  in  the  manner  shown  in  the  sections,  by  which  it  will  be  seen  that 
approaching  the  two  coalfields  the  Coal  measures  are  apt  to  rise  more  and  more  towards  the  surface. 
Estimating  the  whole  of  this  remaining  area  at  195  square  miles  it  might  hold  about  5,800,000,000 
tons  of  coals.  The  Pebble  beds  of  the  new  red  sandstone  of  Cannock  Chase,  which  have  sometime^ 
been  partly  mistaken  for  superfidal  gravel,  lie  in  this  area  and  are  underlaid  by  Coal  measures,  the  top 
of  which  lieneath  them  is  ever^bere  mndi  under  1,000  fbet 

South  of  this,  the  area  indicated  by  the  broken  lines  probably  conttuns  the  whole  of  the  com- 
paratively unproductive  Coal  measures  of  the  Forest  of  Wyre,  the  coals  of  which  are  so  thin  and 
uncertain  that  I  have  not  ventured  to  estimate  them  beneath  the  new  red  and  Permian  strata. 

North  of  the  east  and  west  line  already  mentioned,  between  the  north  end  of  Colebrookdale  and 
Bugeley,  from  thence  to  Barton-under^Needwood  near  the  Trent,  and  from  Barton  to  the  Oheadle 
coameld  and  the  south  border  of  the  Korth  Staffordshire  coalfield,  the  new  red  and  Permian  strata 
must  be  underlaid  by  Coal  measures, — ^in  many  parts  certunly,  in  others  more  doubtfully.  The 
eastern  boundary  of  this  area  is  marked  by  the  edge  of  the  shading.  It  is  bounded  on  the  west  by 
Permian  strata  that  rise  tbrongh  the  Kew  Bed  Samlstcme,  and  extend  south  iox  about  ten  miles  from 
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BivcriD.  the  south-west  oomer  of  the  North  Staffordshire  coalfield.  From  thence  the  boundary  would  run  in 
a  line  to  Church  Aston,  at  the  north  end  of  the  Colebrookdale  coalfield. 

The  whole  area  contains  about  275  square  miles.  Under  that  part  of  the  New  Bed  Marl  on  which 
Stafford,  Gnosall,  and  Ecdeshall  standi  the  depth  to  coal-bearing  strata  would  probably  be  over  4,000 
feet  in  an  area  of  about  63  square  miles. 

Near  Cheadle  only  10  feet  of  coals  may  be  counted  on  beneath  the  New  Bed  beds,  under  2,000 
feet  in  depth;  west  of  Pulford  about  26  feet  of  coal,  under  4,000  feet;  and  in  the  remainder  of  the 
'  area,  considering  the  great  depth  at  which  part  of  the  Coal  measures  must  lie,)  viz.,  from  3,000  to 
4/)00  feet,  it  would  not  be  safe  to  count  upon  more  than  an  average  of  25  feet.  Averaging  the 
whole  200  square  miles  at  23  feet  of  coals,  the  total  amounts  to  about  4,580,800,000  ton& 

I  will  now  describe  the  country  bounded  on  the  north  by  a  line  drawn  from  the  north  end  of  the 
Denbighshire  coal  to  the  eastern  boundary  of  the  north  Staffordshire  coalfield  near  Congleton,  on  the 
south  by  a  line  drawn  from  near  Oswestry  to  about  five  miles  east  of  Market  Drayton. 

At  the  western  edge  of  the  Permian  beds  of  Denbighshire,  the  topmost  coal  probiAly  lies  between 
600  and  700  feet,  and  the  lowest  about  1,700  feet  from  the  surface,  as  shown  in  section  19,  pL  4, 
north  of  Wrexham.  At  the  western  edge  of  the  Permian  rocks  near  Wyanstay  the  lowest  bed  of 
coal  cannot  be  less  than  about  4,200  feet  from  the  surface,  and  the  Coed-yr-allt  seams  in  the  upper 
part  of  the  Coal  measures,  from  700  to  1,000  feet  beneath  the  surface. 

JElast  of  the  coalfield  therefore  underneath  the  Permian  and  Lower  Bed  and  Variegated  Sandstone 
there  is  an  area  varying  from  two  to  four  miles  in  width,  broadest  near  Holt,  and  altogetiier  com- 
prising about  60  square  miles,  which  on  an  average  may  contain  the  diief  coals  of  the  district  at  depdis 
of  4,000  feet  and  under. 

Counting  aX\  the  coals  of  one  foot  and  over  in  thickness,  they  may  be  estimated  at  50  feet,  and 
would  therefore  yield  2,489,600.000  tons  of  coals. 

On  the  west  border  of  the  North  Staffordshire  coalfield,  and  for  five  or  tax.  miles  south  of  the 
Bonth-west  comer,  there  is  a  tract  of  oountir  from  two  to  three  miles  wide,  forming  an  area  of  aboat 
50  square  miles,  under  which  the  top  of  the  Coal  measures  may  be  found  at  various  depths  up  to 
3,000  feet  After  piercing  the  New  Bed  and  Permian  strata,  upper  unproductive  Coal  measures  of- 
1,000  feet  in  thickness  will  probably  be  found  over  the  greater  part  of  the  area,  and  such  coals  as 
occur  within  a  depth  of  4,000  feet  A-om  the  surface  will  be  mostly  above  and  including  the  "  deep 
mine;"  the  deepest  coal  would  probably  come  on  in  the  district  on  the  south-west  rouim  Woore.  I 
have  no  precise  data  respecting  the  number  and  thickness  of  all  the  coals  above  the  "  deep  mine,"  but 
they  will  not  be  over  estimated  at  30  feet  for  the  whole  district,  containing  a  possible  quantity  of 
about  1,500,000,000  tons  of  coals. 

The  tracts  just  described  bordering  the  North  Staffordshire  and  Denbi^^ishire  coalfield  with  an 
extenuve  intervening  district,  lie  soath  of  a  line  between  the  neighbourhood  of  Congleton  and  Hope. 
It  is  not  impossible  that  Coal  measures  may  underlie  the  whole  of  the  country  smith  of  that  line« 
embracing  an  area  of  420  square  miles,  and  formed  chi^y  of  the  great  undnliating  plmns  of  New 
Bed  Marl  and  Lias,  bordered  on  the  east  and  west  by  the  higher  beds  of  the  New  Bed  Sandstone, 
bat  underneath  the  lai^r  part  of  this  area  the  sui&ce  of  the  Coal  measures  cannot  be  at  depths 
less  than  £rom  4,000  to  6,000  feet. 

Lakoashibe  and  Cheshibe. 

In  Cheshire,  west  of  the  Kerridge,  there  is  a  small  triangular  patch  between  Macclesfidd  and  the 
east  and  west  fault  that  nms  through  Woodford  to  the  western  boundary  fa  jlt  of  the  coalfield ;  this 
patch  ends  on  the  south  near  Hurdsfield,  and  is  about  four  miles  wide  at  Woodford.  It  contains 
about  nine  square  miles  of  country,  formed  chiefly  of  the  pebble  beds  of  the  New  Bed  Sandstone,  and 
may  contmn  about  seven  or  eaght  feet  of  coals  of  the  lower  Coal  measures,  including  the  "big  mine  " 
ao<i  great  smut**  seams,  and  may  contfun  about  62,000,000  tons  of  coal,  all  UMer  3,000  &et  in 
depth. 

Between  the  Woodford  fault  and  a  line  drawn  west  from  Denttm,  there  is  a  tract  of  country 
formed  of  Permian  and  New  Bed  beds,  averaging  six  miles  in  lengUi  and  six  miles  in  widdi,  in  all 
about  36  square  miles,  under  which,  within  a  depth  4,000  feet*  ibere  may  be  estimated  an  average 
of  50  feet  of  coals,  and  within  a  mile  or  two  of  the  boundary  iauU  the  top  of  the  middle  ooals  nu^t 
be  found  at  depths  of  2,000  feet  and  under,  giving  1,790,000,000  tons  of  coal. 

North  of  this  area,  and  on  the  east  and  west  sides  of  the  Manchester  coalfield,  it  would  scarcely  be 
safe  to  expect  anything  but  the  thin  Manchester  coals  of  the  upper  Coal  measures  at  depths  und^ 
4,000  feet,  excepting  possibly  a  little  of  the  middle  coals,  within  a  very  short  distance  of  the  edge  of 
the  Permian,  west  of  Dulrenfield,  and  east  of  Manchester.  This  area  mi^ht  extend  a  mile  or  so  west 
of  the  suburbs  of  Manchester,  and  perht^  as  far  south  as  Heaton  Noma,  and  north  to  the  base  of 
the  Permian  strata,  altogether  about  80  square  miles,  chiefly  formed  of  New  Bed  Sandstone.  About 
12  feet  or  so  of  thin  upper  coals  may  be  looked  for,  which  may  yield  about  350,000,000  tons. 

West  of  the  neighbourhood  of  £ocles  and  Stretford  there  is  an  area  alnuMt  entirely  formed  of 
New  Bed  Sandstone,  edged  with  a  thin  strip  of  Pwmian  rocks  on  the  north,  about  31  nules  long  &<ms 
east  to  west,  and  from  6  to  8  miles  wide.  It  lies  south  of  the  Lancashire  ooidfield,  inomding 
Newton-in-Makerfield  and  Warrington,  and  stretching  west  as  far  as  Uie  outskirts  of  Prescot  and 
Buncom,  and  Hale-on-the-Mersey.  It  embraces  an  area  of  about  130  square  miles,  and  may  be 
underliud  on  an  average  by  about  30  feet  of  coal  of  the  middle  Coal  measures,  generally  between  ihe 
horizons  of  the  Worsley  and  the  Boyley  mine.  Through  the  whole  of  this  area  workable  coals  m&j 
probably  lie  at  depths  under  4,000  feet,  getting  shallower  as  they  approach  tiie  coalfield.  If  tbss 
presumption  be  correct  the  area  may  hold  about  3,883,000,000  tons  of  coals. 
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East  of  the  estuary  of  ihe  Dee,  including  the  estuary  of  the  Mersey,  as  far  as  Weston  Feint,  also  Report  d. 
including  the  Wirrell,  Liverpool,  Seaforth,  and  the  country  within  two  miles  of  Ormsldrk,  there  is 
a  broad  tract  formed  of  New  Bed  Sandstone,  with  a  patch  of  New  Red  Marl  in  the  Wirrell,  in  the 
neighbourhood  of  Woodchurch.  The  whole  area  comprises  about  216  square  miles,  and  it  seems  not 
unlikely  that  it  may  be  altogether,  or  to  a  great  extent,  underlaid  by  Coal  measures,  the  surface  of 
which  beneath  the  New  Red  strata  will  vary  from  under  1,000  to  about  2,500  feet  in  depth. 

It  is  quite  imposnble  to  form  any  accurate  conception  of  the  detfuls  of  the  arrangement  of  the 
Qoal  measure  series  under  this  great  area,  which  is  about  haXf  as  laige  as  the  whule  of  the  Lancadiire 
coalfield,  and  more  than  twice  as  large  as  the  whole  of  the  Flintshire  coalfield.  Even  if  the  Flintshire 
and  Lancashire  coalfields  are  continuoas  all  underneath  the  New  Red  area  it  would  be  unsafe  to  count 
on  all  the  coals  being  present,  or,  if  present,  being  attainable,  at  depths  under  4,000  feet,  for  beneath 
the  base  of  the  New  Bed  Sandstone  the  thickness  m  the  upper  Coal  measures  of  Limcashire  alone,  added 
to  that  of  the  nev  red  beds,  might  suffice  to  throw  much  of  the  coals  to  a  depth  greater  than 
4,000  feet. 

If  .30  feet  of  coal  were  avfulable  over  the  whole  breadth  of  country  it  would  give  about 
3,450,000,000  tons,  but  it  may  be  more  prudent  to  assume  that  only  one  half  of  it  would  be  attainable 
owing  to  depth,  and  tracts  of  Millstone  Grit  possibly  cropping  up  against  the  base  of  the  New  Bed 
Sandstone,  for  the  Flintshire  coalfield  is  much  contorted,  and  occasionally  the  Millstone  Grit  extends 
to  the  banks  of  the  estuary  of  the  Dee. 

MiDLJkND,  Yorkshire,  Derbtbhibe,  and  Nottinghamshire. 

It  has  been  shown  in  the  evidence  that  the  Yorkshire,  Derbyshire,  and  Nottinghamshire  coalfields 
probably  lie  in  the  form  of  a  basrn,  the  northern*  southern,  and  eastern  edges  of  which  He  underneath 
the  New  Bed,  Permian,  and  other  overlying  Secondary  strata.  The  centre  of  this  basin  is  the 
Ackworth  rock,  forming  the  topmost  beds  of  the  Coal  measures,  about  ten  miles  north  of  Rotherham, 
said  about  three  miles  west  of  the  edge  of  the  Mngnesian  Limestone.  W  hen  the  different  subdivisions 
of  the  Goal  Measure  strata  are  extended  underneath  the  Permian  and  New  Bed  beds,  and  carried  round 
concentrically  from  south  to  north,  the  area  of  avulable  Coal  measures  beneath  Ihe  Permian  and 
other  overlying  beds  may  be  joughly  estimated  at  about  900  square  miles,  this  concealed  portion 
of  the  coal  basin  being  approximately  equid  to  the  whole  of  the  coalfield  exposed  at  the  surface.  It 
is  estimated  that,  exclusive  of  part  of  the  Ganister  beds,  the  whole  of  the  important  cools  of  the  coal- 
field lie  underneath  the  new  Bed  Marl,  &c.,  and  even  a  small  part  of  the  Lower  Lias,  at  depths  of  4,000 
feet  and  under ;  for  the  gradual  increase  of  thickness  due  to  the  coming  on  of  successive  formations 
of  Magnesian  Limestone,  New  Bed  Sandstone,  Bed  Marl,  and  Lias,  is  probably  compensated  for  by  the 

g'adual  rise  of  the  eastern  edge  of  the  basin  towards  the  base  of  the  lowest  formation  overlying  the 
oal  measures.  If  this  assumption  be  correct,  then  deducting  the  amount  given  by  Mr.  Woodhouse 
as  proved  Sab-Perminn,  namely,  8,306,140,050  tons,  there  remuns  about  23,083,000,000  tons  still 
flirmer  available,  a  great  part  of  which  will  He  at  depths  under  3,000  feet 

Area  east  of  Fermiim : —  Xbm. 

672  square  miles,  40  feet  cool  -  .         ^  26,768,179,200 

232  „        20     „  -     '    -         _  4,620,697,600 


31,388,876,800 

Deduct  proved  Sub-Permian   -  -  8,306,140,050 


23,082,736,750 


Vale  op  Edek. 

In  the  present  state  of  our  knowledge  it  is  impossible  to  form  anything  but  a  guess  at  the  quantity 
of  coal  beneath  the  Permian  strata,  between  the  Cumberland  and  Canobie  coalfields.  The  underground 
area  between  these  coalfields  probably  altogether  consists  of  carboniferous  rocks,  great  part  of  which 
must  be  Coal-measures.  The  total  area  maybe  estimated  at  300  square  miles  (20  x  15),  In  the 
Canobie  coalfield  there  are,  as  stated  by  Mr.  Geikie,  8  beds  of  coal,  the  aggregate  thickness  of  which 
is  42  feet. 

We  may  assume  about  the  same  thickness  for  the  aggregate  of  the  coal  of  the  Cumberland 
coalfield. 

The  thickness  of  the  Permian  strata  of  the  Vale  of  Eden  must  be  very  great,  probably  not  less 
than  5,000  feet,  and  near  Carlisle  th^  are  overlaid  by  New  Bed  Marl  and  Lower  Lias.  It  is  not  likely 
therefore  that  coals  will  be  available  m  much  of  the  area  afiter,piercing  the  Permian  strata.  Assuming 
an  average  dip  of  10°  for  the  Permian  rocks,  for  which  there  is  some  evidence,  at  a  distance  of  three 
miles  from  the  outcrop  of  the  lowest  bed  the  thickness  of  the  Permian  strata  would  be  about  3,000 
feet.  If  we  roughly  allow  two  miles  from  the  coalfield  as  possibly  being  underlaid  by  attainable  coal 
beds,  the  result  would  be  40  square  miles,  giving  1,593,000,000  of  tons.  Unlike  most  of  the  other 
calcolations,  this,  however,  is  a  mere  conjecture.  The  quantity  may  be  less,  but  on  the  other  hand  it 
may  be  much  more. 


Northumberland  and  Durhau. 

The  Coal-measures  under  the  Permian  and  New  Bed  strata  of  Northumberland  and  Durham  have 
heea.  included  in  Mr.  Elliott's  Beport  as  proved  ground. 
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BaportP.  SCOTLAIJD, 

Mr.  Geikie  states  that  all  that  can  be  said  is  that  Coal-measures  exist  under  the  Periniaa  roolcs  of 
Scotland,  but  the  beds  of  coal  in  these  areas  are  unkaown,  and  it  is  therefore  impossible  to  form  an 
estimate  of  the  amount  that  may  be  found. 

Ibeland. 

Mr.  Hull  estimates  the  ooals  under  the  Permian  and  secondary  strata  of  Tyrone  at  27,000,000  tons, 

SuKUARY  of  probable  Amount  of  Coal  under  Pebmian  and  other  overlying  Formations  at  depths 
less  than  4,000  feet;  40  per  cent,  deducted  for  loss  and  other  contingenoies. 


Warwickshire 
Warwickshire,  south  of  Kingsbury 
Warwickshire,  north  of  Atherstone 
Leicestershire,  Moira  district 
Leicestershire,  Coleorton  district 
District  between  the  Warvvick- 
Bhire  and  South  Staffordshire 
Coalfield. 
District  between  South  Stafford- 
shire and  Shropshire  Coalfields. 
Between  the  South  Staffordshire 
and    Colebrookdale  Coalfields 
to   the  Gbeadle  and  North 
Staffordshire  Coalfields. 
East  of  the  Denbighshire  Coalfield 
West  and  S.W.  border  of  the 

North  Staffordshire  Coalfield. 
Cheshire  aad  Lancashire 
Cheshire,  west  of  the  Kerridge 
Cheshire,  between  Woodford  fault 

and  DentoiL 
Lancashire,  east   and  west  of 

Manchester. 
Lancashire,  west  of  Eccles  and 
Sti'etfoi-d  to  Prescott,  Runcorn, 
and  Ilale-on-the-Meraey. 
The  M'irrell,  the  Mersey,  and 

counlry  to  the  north. 
Yorkshire,  Derbyshire,  and  Not- 
tinghamshire. 
Vale  of  Eden 
Ingleton  and  Burton 
Serem  Valley  - 


Tyrone 


Total 


Under 
Permian 
New  Bad 
New  Bed 
Permian 
New  Red 
Permian  and  New  Bed 

Sq.  miles. 

TO 

16 
6 
6 
15 
25  to  28 
llo 

3^  lI>0,fAX),000 

150,000,000 
179,000,000 

1,000,000,000 
790,000,000 

3,400,000,000 

195 

5,800,000,000 

200 

4,580,000,000 

ff 
n 

50 
50 

2,489,000,000 
1.500.000000 

Permian  and  New  Bed 
»» 

M 

86 

1,790^000,000 

II 

30 

360^000^000 

tt 

130 

3,883,000^000 

New  Red 

216 

3,000,000,000 

Permian  and  New  Bed 

900 

23,082,000,000 

Peimian 
New  &d.  Marl 

40 
3 
45 

1,593,000,000 
83,000,003 
400,000,000 

Ibkland. 

27,000,000 

56,273,000,000 
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Agreeably  to  the  request  of  Sir  Roderick  I.  Murchison,  as  chairman  of  Committee  D.,  "  to 
draft  a  report "  on  the  question  of  the  probability  of  finding  coal  under  the  Permian,  New  Med  Sandxtone, 
and  other  wperineuntbmt  strata^  as  it  relates  to  the  southern  districts  of  England,  I  beg  to  report 
Ihereon  as  follows: 

JOSEPH  PRESTWICH,  F.R.S., 

Pres.,  G«oL  Soc 

§  1.  Introduction, — the  opinions  of  Geolcffi^  on  this  question. 

South  of  a  line  drawn  from  Bath  to  Stamford  and  Tarmouth,  no  trae  coal  has  yet  been  found.  The 

whole  area  is  occupied  by  strata  newer  than  the  Coal  Measures,  commencing  with  the  Liassic  and  Oolitic 
series  to  the  east  of  Bath,  and  ending  with  the  Chalk  and  Tertiary  !^e^ies  of  the  neighbourhood 
of  London.  Nevertheless,  in  consequence  of  certain  presumed  relations  between  -  the  coalfields  of 
Belgium  and  of  the  north  of  France  with  those  of  South  Wales  and  Somersetshire  an  opinion  has 
for  some  time  prevailed  amongst  geologists,  that  coal  possibly  exists  in  parts  beneath  the  newer 
formations  6f  the  south  of  England. 

About  two  centuries  ago  the  Belgian  coalfield  was  found  to  extend  beneath  such  newer  formations 
on  tihe  frontiers  into  France,  in  the  direction  of  Valendennes.  FtuiJier  to  the  west  the  coal  measures 
were  supposed  to  be  lost  under  tiie  same  Cretaceous  and  Tertiary  strata.  It  occurred,  however,  to 
some  more  far-seeing  men  that  they  might  possibly  be  recovered,  and  after  various  trials  their  search 
was  attended  with  success,  and  valuable  collieries  were  established  at  Anzin  and  Aniche  north  and 
west  of  that  town.  This  led  to  further  search,  and  the  coal  measures  have  been  gradually  followed 
in  a  westerly  direction  under  the  chalk  to  within  30  miles  of  Calais.  Looking  at  these  facts, 
and  reasoning  also  on  theoretical  considerations  connected  with  the  extension  of  the  old  coal-growth 
in  the  west  of  Europe,  Mr.  Godwin-Austen  concluded  that  "coal  measures  might  possibly  ext«id 
benRath  the  south-eastern  part  of  England,"  and  in  1855*  he  brought  the  subject  before  the  Geolo^cal 
Society  in  an  able  and  elaborate  paper,  accommnied  by  a  map,  in  which  he  showed  that  the  coal 
measures  which  thin  out  under  the  chalk  near  Thdrouanne  probably  set  in  again  at  or  near  Calais, 
and  are  prolonged  (beneath  the  Tertiary  strata  and  the  Chalk)  in  the  line  of  the  Thames  Valley 
parallel  with  the  North  Downs,  and  continue  thence  under  the  valley  of  the  Kennet,  into  the 
Bath  and  Bristol  coal  area.  He  showed,  upon  well-considered  theoretical  grounds,  that  the  coal 
measures  of  a  large  portion  of  England,  France,  and  Belgium  were  once  continuous,  and  that  the 
present  coalfields  were  merely  fragments  of  a  great  original  deposit,  which  he  inferred  had  been 
broken  up  in  two  directions  previously  to  the  deposition  of  the  secondary  rocks.  He  showed  that  the 
main  line  of  disturbance  had  a  g^eneral  east  and  west  direction,  that  part  of  it  formed  the  great 
anticlinal  of  the  Ardennes,  by  which  the  Belgian  coalfield  had  been  tilled  up,  and  brought  to  the 
surface,  and  that  the  Mendips  with  the  Somerset  coalfield  were  on  the  same  line  of  strike.  The 
presence  of  lower  unproductive  carboniferous  rocks  under  Calais,  and  of  a  belt  of  mountain  limestone 
cutting  ofi^  the  Coal  measures  on  the  east  of  the  Somerset  coalfield,  Mr.' Godwin- Austen  conceives  to  be 
due  to  transverse  folds  of  the  strata,  which  in  no  way  permanently  affect  the  great  master  disturbance 
by  which  the  presence  of  the  Coal  Measures  is  ruled.  Mr.  Qodwin-Austen  has  given  the  committee 
further  evidence  on  the  same  subject,  and  furnished  a  corrected  and  more  exact  map  in  illustration 
thereof.    {See  minutes  of  evidence,  p.  D.  12-22.) 

These  views  were  controverted  by  Sir  R.  Murchison  in  a  paper  read  before  the  British  Association 
at  Nottingham  in  I86G.  As  the  opinions  of  so  distinguished  a  geologist  are  entitled  to  the  most  serious 
consideration,  the  objections  raised  by  Sir  Roderick  will  be  reviewed  at  length,  as  the  several  points 
are  discussed  in  nnotner  part  of  this  report. 

Evidence  has  also  been  given  before  Committee  D.  by  many  of  our  best  and  most  competent 
geologists.  Professor  Ramsay,  F.R.S.,  considers  it  probable  that  coalfields  may  exist  under  the 
Secondary  and  Tertiary  rocks  of  the  south  of  England ; — that  east  of  the  ridge  of  limestone  bounding 
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the  Bristol  coalfield  it  is  possible  there  may  be  another  basin  or  basins  concealed,  precisely  in  the     rvobi  d. 

same  manner  that  the  Bristol  coalfield  itself  was  once  concealed  by  Secondary  strata,  and  that,  as  the  — 

coal  measures  are  so  thick  that  ve  must  be  "  a  very  long  way  from  the  ori^oal  eastern  margin."  But 

where  they  may  be  he  is  not  prepared  to  say.   Professor  Ramsay  is  also  of  opinion  that  Uie  South 

Wales,  Somerset,  and  Devonshire  coalfields  are  but  fragments  of  a  much  larger  coalfield  now  partly 

gone ;  and,  in  addition  to  its  probably  eastern  extension,  he  considers  that  another  portion  may  possibly 

exist  beneath  the  New  Red  Sandstone  and  the  Lias  to  the  south  of  the  Mendip  Hills.    So  far  back 

as  1846  he  gave  a  section  having  reference  to  the  denudation  and  physical  structure  of  the  area, 

showing  that  the  Mendips  must  hare  broken  through  an  overlying  mass  of  Coal  Measures,  of  which 

the  one  disjointed  porti(Hi  is  partly  exposed  on  the  north  rade,  whilst  that  on  the  south  possibly  e^sts 

concealed  by  the  newer  rocks. 

Mr.  Robert  Etheridge,  F.G.S.,  has  satisfied  himself  that  the  Somerset  coalfield  between  Tortworth, 
Bath,  and  Frome,  is  bounded  on  the  east  by  a  belt  of  mountain  limestone  which  cuts  it  off"  in  that 
direction.  He  thinks  that,  both  as  regards  the  structure  of  the  coal  and  the  distribution  of  the  organic 
remains,  there  is  a  marked  resemblance  between  the  South  Wales  and  the  Bristol  coalfields,  but  that  he 
does  not  see  sufficient  evidence  to  correlate  these  coalfields  with  that  of  Belgium.  At  the  same  time 
he  admits  that  it  is  not  impossible  or  even  not  at  all  improbable  that  there  may  be  other  detached 
coalfields  eastward  of  the  Bristol  coalfield,  covered  up  and  hidden  by  newer  rocks.  With  respect  to 
the  probability  of  finding  coal  south  of  the  Mendips,  Mr.  Etheridge  thinks  that  although  coal  might 
be  found  it  would  be  at  a  very  considerable  depth.  He  considers  that  at  some  distance  to  the  south 
the  coal  measures  would  assume  the  Devonshire  type,  and  would  therefore  be  wortliless,  but  that  more 
immediately  south  of  the  Mendips  the  coal  measures,  if  there  were  any,  would  agree  with  the  lower 
series  of  the  Bristol  coalfield.  He  would  also  ''rather  maintain  the  view  that  they  (the  coal  measures, 
if  any,)  were  better  to  the  east  than  to  the  west  of  that  special  area,"  and  thinks  that  the  depth 
would  not  increase  so  much,  as  the  overlying  rocks  thin  in  their  range  eastward. 

Prof.  E.  Hull,  F.R.S.,  considers  it  possible  that  coal  measures  may  exist  under  the  newer  rocks 
of  the  south  of  Kngland,  but  thinks  it  a  very  hypothetical  question.  Since  giving  evidence,  Mr.  Hull 
has  brought  the  subject  before  the  British  Association  at  Liverpool,  and  subsequently  before  the 
Royal  Society.  In  these  papers,  in  addition  to  the  hypothesis  of  an  original  connexion  of  the  coalfields 
of  England  and  those  of  Belgium,  and  to  the  known  fact  of  a  ^reat  east  and  west  disturbance  anterior 
to  the  deposition  of  the  Permian  strata,  resulting  in  the  elevation  of  the  Ardennes  and  the  Mendips, 
as  described  by  previous  authors,  Mr.  Hull  fuither  shows  that  there  were  minor  transverse  N.  and  S. 
disturbances  of  later  date  (between  the  Permian  and  the  Trias),  in  the  direction  of  the  Penine  chain,  the 
action  of  which  was  to  break  up  the  coal  measures  of  the  southern  area  into  basins,  the  positions  of 
which  he  considers  could  now  be  determined  with  accuracy  by  prolonging  southward  the  known  great 
anticlinals  of  the  centre  and  north  of  England.  Mr.  Hull,  "however,  concurred  in  the  views  advanced 
"  by  Sir  R.  L  Murchisoo,  that  in  consequence  ofthe  great  amount  of  denudation  which  the  carboniferous 
"  rocks  had  undei^one  over  Ihe  area  of  the  south  ot  England  previous  to  the  deposition  of  the  meso- 
"  zoic  fionnations,  Uttle  coal  was  to  be  expected  to  remain  under  the  cretaceous  rocks."* 

Mr.  Bristow,  F.R.S.,  in  answer  to  the  questions  whether  he  thought  the  Coal  Measures  would  form 
any  part  of  the  palssozoic  rocks  in  their  range  under  the  secondary  strata,  stated  that  he  thought  it 
extremely  doubtful ;  that  the  probability  is  that  they  do  not,  although  he  would  not  go  so  far  as  to  say 
that  they  do  not.  Mr.  Bristow  showed,  however,  bow  variable  the  tnicknesses  of  the  several  secondary 
strata  were,  and  furaished  a  table  with  the  thickness  of  these  strata  at  the  various  known  points  in  the 
south  of  England,  a  matter  of  much  importance  in  considering  the  possibility  of  workmg  coal  should  it 
be  found  to  exist  in  that  area. 

Professor  Phillips,  F.R.Sm  remarks  upon  the  striking  characters  of  the  great  axis  of  elevation  which 
ranges  from  the  south  of  Ireland  to  Belgium,  crossing  the  Rhine,  and  continued  through  the  country 
of  Eberfeldt  He  points  to  the  fact,  that  the  Mountain  Limestoue  is  continuous  throughout  this  line, 
and  that  the  coal  measures  have  been  subject  to  the  same  movements  and  commonly  accompany  the 
mountain  limestone  where  the  older  rocks  come  to  the  surface.  In  consequence,  he  is  undei-  the  im- 
pression thar,  as  it  is  certain  that  in  the  Belgium  and  French  districts  the  axis  continues  under  the 
"  dialk  and  the  tertiaries,  it  does  so  in  England  under  the  corresponduig  formations."  Jud^g  by 
"  the  surface,  you  would  say  that  there  is  no  coal  about  Valenciennes  and  in  that  direction ;  but  we 
"  know  that  there  is.  Therefore  I  should  expect  that  the  whole  movement  from  end  to  end  would  be 
"  such  as  to  give  a  probability,  as  a  general  rule,  that  the  same  set  of  phenomena  would  be  experienced 
"  in  England  under  the  oolites  and  the  chalk  and  the  Wealden,  as  is  known  to  occur  in  France  and 
"  Belgium."  Speaking  of  the  6,000  feet  of  the  Somersetshire  coal  measures,  Professor  Phillips 
says,  It  is  inconceivable  that  such  a  deposit  as  that  should  cease  within  a  few  miles ;  we  have  no  such 
"  example.  Coalfields  die  out,  it  is  true,  but  not  suddenly  in  that  way ;  therefore  I  have  no  hesitation 
"  in  drawi*!^  the  probable  continuation  of  the  Somersetshire  coalfield  a  good  way  to  the  east." 

Mr.  Warington  Smyth,  F.R.S.,  in  a  recent  valuable  work  on  coal,  makes  the  following  observations 
bearing  on  our  subjectf  "  A  comparison  of  these  features  with  those  exhibited  on  the  flanks  of  our 
"  Mendip  Hills,  and  an  observation  of  the  underground  course  of  the  sharp  trough  of  French  coal  strata, 
deflected  as  it  is  from  its  Belgian  direction  when  it  arrives  at  Douay,  inclines  us  to  the  speculation 
"  that  the  palaeozoic  rocks  may  be  continuous  from  the  Severn  to  the  Rhine.  The  question  may  pos- 
"  sibly  be  of  little  practical  importance,  but  is  one  of  ^eat  interest  as  regards  the  original  depoutimi 
"  of  we  carboniferous  series."  He  observes  elsewhere  in  the  same  work  mat,  ''When  we  look  to  the 
"  numerous  and  thin  seams  of  the  south  portion  of  this  field,  and  the  violent  contortions  to  which, 
"  along  with  their  limestone  base,  the  coal  strata  have  been  subjected  we  are  induced  to  recognize  the 
"  Belgian  type,  and  to  look  eastward,  in  the  direction  of  the  axis  of  disturbance,  for  a  continuation 
*'  of  the  trough  of  the  coal  measures  "  We  may  also  speculate  on  the  coal  measures 


*  Froeeedmgs  of  the  Boyal  Societr,  Deconlwr  SSodj  1870. 
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"  being  brought  in  again  by  convolution  on  the  south  side  of  the  Meodipsy  beneath  the  more  recent 
"  formations  ;  but  on  this  point  no  trials  appear  to  have  been  made." 

But  even  so  long  since  as  1826,  Dr.  Buckland  and  Mr.  Conybeare,  in  their  exceUwt  account  of  the 
Bristol  Co^eld,*  made  the  following  remarks: — "  Before  we  close  tiiis  general  account  of  the  South- 

western  coal  district  of  England,  we  are  desirous  of  noticing  its  resemblance  in  geological  structure 
"  and  picturesque  features  to  the  country  extending  alonv  the  Meuse  between  Namur  and  Ikhge. 
"  There  also  we  are  presented  with  coal  basins  encircled  oy  Mountain  Limestone,  and  based  on  old 
"  Red  Sandstone,  which  latter  is  dMplayed  at  Huy.  These  rocks  are  all  hi^ly  inclined,  and  are 
"  covered  by  overlying  formations.  The  defiles  of  the  Sambre  and  Meuse  present  exact  counterparts 
**  to  those  of  the  Avon  and  Wye." 

These  instances  will  suffice  to  show  the  opinion  of  English  geologists  on  iMa  question.  We  will  now 
give  that  of  some  continental  geologists  of  eminence.  M.  M.  Dufr^noy  and  Elie  de  Beaumont,  in  their 
elaborate  account  of  the  Prencn  coameldsf  thus  express  themselves  on  the  theoretical  question  of  the 
original  extent  of  the  various  coalfields.  After  describing  the  coalfields  of  central  France,  they  proceed 
to  that  of  the  north  of  France,  and,  reasoning  upon  the  probable  range  of  these  coal  measures,  they 
remark,  "Les  portions  de  terrain  carbonif^re  que  nous  avons  r^serv^s  pour  Stre  I'objet  des  demi^res 
"  parties  de  ce  chapitre  contrastent,  d'llne  mani^re  importante,  avec  celles  que  nous  avons  ddcrites 
"  jusqu  'ici,  en  ce  qu  'on  cesse  d'y  observer  les  caract^res  de  d6p6tsop6T4&  dans  des  bassinscirconscrits: 
"  tout  annonce,  au  contraire,  qu'elles  se  sont  d^pos^es  dans  le  bassm  d'une  mer.  De  I'Ardenne  aux 
"  montagnes  du  pays  de  Gallea  et  de  I'Ecosse,  s'etendaient,  &  cette  ^poqu^  des  bras  de  mer  dans 
"  lesquels  s'est  form^  le  calcaire  carbonif^re  {mountain  Iime96ott0)t  qui  contient  un  grand  nombre  de 
*'  restes  marins,  et  apr^  eux,  le  terrain  houiller  du  N.  de  la  Belgique  et  d'une  portie  d'Angleterre. 

"  Cette  difference  du  regime  des  deux  classes  de  bassins  houUlers  dont  nous  venons  de  parler  u'est 
"  pas  seulement  ua  fait  des  plus  curieux  pour  la  science  ;  elle  int^resse  aussi  &  un  tr^  haut  degr6  la 
**  venir  de  Tindustrie  min^rale,  par  les  id^s  qu'elle  pent  sugg^r  relativement  aux  liaisons  souterraines 

supposables  entre  certains  bassins.  En  effet,  les  ddp6ts  formes  dans  des  bassins  circonscrits  n*offreut 
**  que  pen  de  chances  de  se  continuer  h,  de  grandes  distances  au-dessous  des  depots  plus  modem es  ; 
"  mais  les  d^pdts  formes  dans  des  bassins  maritimes  sont,  en  gdn^ral,  beaucoup  plus  uniformes  et 
'*  susceptibles  de  beaucoup  plus  d'^tendue,  lorsqu'ils  n'ont  pas  4t6  bonlevers^  ou  a^truits." 

Again,  M.  Meugy,  In^ieur  des  mines,  speaking  of  tne  thickness  and  extent  of  the  chalk  and 
tertiary  strata  (terrains  morts)  under  which  the  coal  measures  of  the  north  of  France  pass,  says, — { 

"  Quoi  ^ull  en  soit,  I'^pmsseur  considerable  des  terrains  morts  qui  existent  dans  la  partie  occidentale 
de  la  Belgique  et  du  d^partement  du  Nord,  d^montre  qu'il  ^  a  li  une  grande  depression  ^ui  fait  suite 
au  has  fond  sousterrain  sur  lequel  la  ville  de  Londres  est  batie ;  et  s'il  y  existe  des  bassins  houillers, 
ce  qui  n'est  pas  impossible,  ceux-ci  pourraient  s'avancer  vera  le  bord  sud  de  cette  depression  qui 
avoisine  Lille,  et  se  rattacher  plus  ou  moins  directement  avec  la  vaste  formation  houill^  qui  affleure 
en  Augleterre  depuis  le  pays  de  Galles  jusqu'en  Ecosse." 

That  the  palieozoic  strata  of  Belgium  continue  their  range  under  the  secondary  and  tertiary  strata 
of  the  south  of  England,  and  are  thus  connected  with  the  same»  older  formations  in  the  west  of 
England,  may,  in  fact  nov  be  considered  as  now  admitted  generally  by  geoh^ts ;  but  on  the  question 
whether  the  coal  measures  are  also  so  continued,  or  whether  they  were  removed  in  whole  or  in  part 
by  denudation  before  the  deposition  of  the  secondary  strata,  there  is  some  difference  of  opinion.  We 
will  now  proceed  to  describe  the  state  of  the  question  on  the  evidence  previously  adduced,  and  from  the 
personal  inspection  of  the  Belgian  and  English  areas  on  the  part  of  your  reporter. 

It  wiU  be  necessanr  to  take  each  series  of  rocks  separately,  so  as  to  determine  the  inde^ndmoe  of 
the  Secondary  and  of  the  FcUceozoic  strata,  the  continuity  of  the  older,  and  the  dimensions  of  the  newer 
of  these  groups  of  fonn^ons. 

§  S.  On  the  condition  of  the  Tertiary  and  Secondary  Formations  overlying  the  Coal  Measttres. 

As  no  trials  in  search  of  coal  have  yet  been  made  in  the  southern  area  at  first  described,  the  opinions 
given  above  and  any  others  we  may  form  must  be  based  mainly  on  dkeoretical  considerations;  never- 
theless we  are  in  possession  of  a  sufficient  number  of  facts  bearing  on  the  subject,  and  the  stratigraphical 
conditions  of  the  pdieozoic  and  of  the  newer  or  overlying  secondary  and  tertiary  strata  are  so  well 
known,  that  we  are  in  a  poution  to  investigate  with  a  reasonable  chance  of  success  the  several  questions 
raised. 

So  large  a  portion  of  the  south-east  of  England,  including  all  the  eastern  part  of  the  Thames  basin, 
is  occupied  by  Cretaceous  and  Tertiary  strata,  that  the  Coal  Measures  would,  on  the  supposition  that  all 
the  members  of  the  secondary  and  tertiary  series  were  constant  throughout,  He  at  such  a  i^epth  that 
it  is  doubts  whether  they  could  ever  be  worked.  Thus  the  order  of  succession  and  thickness  of 
these  overlying  formations  at  those  points  of  outcrop — say  nearest  to  London — is  approximately  as 
under: — 

Tertiary  Formations, 


Kame  and  Ordez  Lotiality  of  Average 

ofSocceanon  Esttmated  thicfcoen. 

ofCheBtnUa.  TU^ew.  Feet 

London  clay      .         .  -         -  Middlesex  -         -         -  250 

Sands  and  mottled  cla}ns  -            -  Middlesex  -         -            -  80 


*|(}eol.  Traneactiong,  vol.  I.,  pi.  2,  2nd  ser.,  p.  220. 

f  "  Explication  de  la  Carte  Geologlque  de  la  Franee,"  1841,  p.  724-6. 

X  *'  Esaai  de  G^ologie  Fntiqae  snr  la  Flandre  Francaia,  1853,"  p.  76. 
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Name  and  Order 
of  Saccesiim 
oftheScnta. 


Chalk     -  -  .  - 

Upper  Greensand 

Gault  - 

Jjoyrer  Greensand 

Weald  clay  and  Hastings  sanda  - 

Piirbeck  and  Portland  beds  - 

Kimmeridge  clay 

Coral  rag,  Oxford  clay. 

Oolites  - 

lias   -         -      .  - 
New  Red  Sandatooe 


4-'>csiitj  or 

Avenge 

Estimated 

Tliinliinn 

ThickDMa. 

Feet 



-  Hertfordshire 

-  1,000 

-  Surrey  - 

60 

-  Surrey  ... 

160 

-  Surrey 

-  500 

-  Sussex     -         -  - 

-  2,000 

-  Berkshire 

70 

-  Buckinghamshire  - 

-  450 

-  Wiltshiro  and  Oxfordshire 

-  700 

-  Grlouceaterehire 

-  500 

-  Gloucestershire  - 

-  600 

-  Somersetshire 

-  800 

7,150 

If  these  strata  maintained  their  persistance  and  dimensions,  we  might,  as  we  pass  from  Gloucester- 
shire eastward,  find  a  mass  of  secondary  and  tertiary  strata,  increasing  in  thickness  by  successive 
additions  of  newer  strata,  from  500  feet  near  Bath  to  7,150  feet  near  London.  But  such  is  by  no  means  the 
case.  The  Lias  and  Oolites  become  much  thinner  as  they  range  eastward.  There  is  reason  to  believe,  in 
fact,  that  the  oolitic  series  do  not  extend  far  under  the  chalk  hills  of  Berkshire.  It  is  known  that  the 
Inferior  Oolite  thins  out  even  before  reaching  Oxford.  Prof.  Hull*  has  given  a  section  from  Gloucester- 
shire (the  neighbourhood  of  Cheltenham)  to  Oxford,  in  which  he  shows  that  all  the  rocks  below  the 
Great  Oolite  ^n  out  rapidly  to  the  S.E. ;  and  he  estimates  its  and  tlieir  thickness  at  Oxford  at  about 
600  feet,  whereas  in  Gloucesterahire  it  is  1,880  feet: — 


Great  Oolite  and  Fullers  Earth 
Inferior  Oolite  and  Sands 
Lias  (Upper  and  Marlstone)  - 
Red  Sanasfame  and  Marls  (keuper) 


QloQceetenhire. 

Oxford. 

Feet 

Feet 

-  870 

206 

-  420 

0 

-  640 

SCO? 

.  460 

200? 

1,880 

605 

To  the  north-eastward  the  Great  Oolite  and  Oxford  Clay  become  but  slightly  thinner.  On  the  other 
hand,  the  Kimmeridge  clay,  which  is  S75  feet  thick  at  Swindon,  is  310  feet  near  Abingdon,  and  increases 
to  460  feet  at  Aylesbury.  In  like  manner  the  Portland  and  Purbeck  series  increase  from  12  to  70  feet; 
while  the  Wealden  senes,  which  is  altogether  absent  in  the  west  of  England,  is  about  2,000  feet  thick 
in  Surrey  and  Sussex.  So  the  Lower  Greensand,  which  is  only  50  feet  near  Devizes,  attains  a  thick- 
ness of  about  500  feet  at  Reigate.  The  Gault  maintains  a  mean  thickness  of  about  100  feet ;  while 
the  Upper  Greensand,  150  feet  thick  at  Devizes,  is  reduced  to  25  feet  at  Merstham.  The  Chalk,  tsken 
at  its  full  development,  maintains  tolerably  constant  dimensions  from  Wiltshire  to  Dover;  viz.,  of  from 
800  to  1,000  feet,  unless  when,  as  oflen  happens,  it  has  suffered  denudation.  But  although  so  many 
of  the  secondary  rocks  beneath  the  chalk  are  so  largely  developed  both  to  the  north  and  the  south 
of  the  London  basin,  and  it  might  be  expected  that,  like  as  with  the  chalk,  Uiey  also  would  pass  under 
London,  experience  has  shown  such  not  to  be  the  case. 

In  1854-5  a  boring  was  made  on  the  north  side  of  London  in  search  of  water  through  the  tertiary 
strata  and  the  chalk,  to  a  depth  of  1,302  feet.t  Instead  of  meeting,  as  was  expected,  with  the  Lower 
Greensand,  which  crops  out.  from  under  the  Gault  both  to  the  north  and  souUi  of  London,  certain  red 
sandstones,  probably  of  Palsdozoic  age,  were  met  with.   The  following  is  tiie  section  thus  obtained: — 

Stction  ofv^  «A<s^  mi  imn^  at  JS^^Uiak  Town,   Surface  of  ground,  180  feet  aboi>e  ^  wa-Zni9|t 


Tertiary  strata 

Secondary  strata 
PalsBozoic  strata 


{London  clay 
Sands  and  mottled  day 
^  Chalk  and  chalk  marl 
■  <  Upper  greensand 
I,  Gault 

Red  and  grey  sakdstones 


Total 


Another  boring  for  water^  within  the  tertiary  area  (the  area  where  the  total  thickness  of  the  super- 
incumbent formations  might  be  supposed  to  be  thickest)  has  also  led  to  the  discovery  of  Paleeeooic 
rocks  under  tiie  Cretaceous  series,  without  the  intervention  of  the  lias  and  Oolites.  Hub  was  at 
Harwich  in  1864-7,  at  a  spot  very  close  upon  the  sea  leveL 


*;QiiaTt  JoQTii.  Geol.  Soc.,  Vol.  ZYI.,  p.  68.  I8S0. 
f  Qnaxt  Jddiii.  G«oL  Boo.,  YoL  Xn^  p.  It. 
t  Qoait  Jooni.  OeoL  Soc,  Vol  ZIVv  p.  9S0. 
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Bnoxr  D. 


Tertiary  strata 

Secondary  strata 
Palnozolc  strata 


Section  of  wdl  boring  at  Hanoieh, 

C  Earth  and  gravel  - 
-  <  London  clay 

Sands,  shingle,  and  mottled  clay 
(-Chalk  - 
Upper  greensand  - 
GauU 

Dakk  blatt  rock 


Total 


Feet, 
25 
SS 

886 
S2 
89 
44^ 


1,070 


We  shall  hare  occasion  presently  to  adrert  to  the  same  conditions  of  superposition  at  Calais  and 
elsewhere  in  the  north  of  France  and  in  Belgium,  (see  pp.  15S  and  153). 

It  is  evident  from  such  facts  that, — the  age  of  the  surfiue  roeks  affords  no  enierim  of  the  thudkness  qf 
the  strata  intervening  between  that  aurfxce  and  the  pakeozmc  rocks  {vMlitding  the  ooal  measures)  underltfing 
the  tertiary  and  seamdarg  series  in  the  south  ofEngumd. 


§  3.  On  the  conditions  qf  the  Ptdeeozoic  FormaHotu  underlying  the  Ooal  Measures, 

It  is  veil  knonn  to  geologists  that  the  Faleeozoic  strata  of  England  underwent  great  movements  imd 
denudation  after  the  formation  of  the  Coal  Measures,  and  before  the  formation  of  we  Secondary  strata; 
especially  that  one  great  line  of  disturbance  ran  from  the  south  of  Ireland,  skirting  the  coast  of  South 
Wales,  passing  south  of  Bristol  and  visible  as  far  as  Frome,  where  the  higlily  inclined  palaeozoic  strata 
are  lost  beneath  horizontal  strata  of  later  date.  ITiis  disturbance  was  accompanied  by  fracture,  and 
enormous  lateral  pressure,  which  crumpled  up  the  older  rocks  along  the  line  of  strike,  and  in  places 
along  the  same  line  elevated  the  fractured  strata  into  ranges  of  hills.  In  this  country  the  main  chain 
due  to  this  disturbance  is  that  of  the  Mendip  Hills  in  Somersetshire. 

These  forces  aflected  the  strata  to  a  greater  or  lesser  distance  from  the  line  of  disturbance,  tilting 
them  up  at  a  high  angle  which  gradually  decreases  as  the  distance  from  the  line  of  disturbance 
increases. 

This  elevation  of  the  older  rocks  was  followed  by  au  enormous  amount  of  denudation,  whereby  the 
edges  of  the  strata  so  disturbed  were  worn  and  planed  down  to  such  an  extent  that  in  many  cases 
masses  of  strata  many  thousand  feet  thick  were  removed  before  the  deposition  of  any  of  the  secondary 
strata  commenced.  This  tilting  and  denudation  of  the  older  rocks  is  very  apparent  both  on  tlie 
flanks  of  the  Mendips  and  of  the  Ardennes. 


S. 


Fig.  1. — General  Section  across  the  M&nd^. 


N. 


m.  Coal  Measores 

K.  Moantaio  I^estone 

o.  Old  Bed  Sandstons 


1.  Secondary  strata  (Triassic  and  Oolitic). 
■  Falieoxoic  strata.  The  dotted  lines  aboxr  the  extent  of  the  older  strata  removed 

before  tbe  deposition  of  the  secondiuy  Btrata. 


Diagram  Fig.  S.  will  further  serve  to  illnatrate  the  manner  in  which  the  Paleozoic  strata  north  of 
the  Mendips  are  inclined,  planed  down,  and  covered  transgreasively  by  Secondary  strata  on  a  Une 
from  west  to  east. 

Fig.  2. 

mr.  E. 


k.  Oolitio  strata. 


A.  lias. 


L  Kev  Bed  Sandstone. 


■.  Coal  Heanres,  and  m.  Hbnutaln  Ximertone. 


If  we  look  to  the  French  area  where  the  Palieoznic  strata  are  also  covered  by  newer  rocks,  we 
find  the  older  rocks  having  a  similar  independent  inclination  succeeded  by  horizontal  strata  of 
the  newer  rocks,  which  transgressively  cover  them,  so  that  ultimately  the  Tertiary  repose  upon 
Paltnozoic  strata  without  the  intervention  of  any  of  the  Secondary  strata.  M.  M.  Dufrenoy  and 
M.  Elie  de  Beaumont  in  the  great  work  (p.  727)  already  referred  to,  illustrate  the  relation  of  the 

*  From  Profleuor  Banuay't  paper  "  On  tlie  Denndatum  of  Sooth  Wale*  and  ac|}acait  EngUih  oonatieB.''  Mcmnn  of  Ae 
Gedogieal  Borrejr,  y<A.  L,  p. 
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Secondary  strata  to  the  Carboniferous  strata  in  the  north  of  France  along  a  line  running  south  and  Ba»i9  S. 
north  from  the  department  of  the  Oise  to  the  borders  of  Belgium  by  the  following  diagram  section. 


Fig.  8. 

S.  N. 


a.  Tertiary  strata.  e.  Green  sands.  m.  and  n.  Coal  Measons  and  older  roolu. 

b.  Chalk.  b  Oolitic  strata. 


The  surface  of  the  older  rocks,  in  consequence  of  this  elevation  and  denudation,  presents,  at  places, 
considerable  irregularities.  It  is  rarely  that  an  opportunity  of  determining  such  a  case  under  the 
newer  rocks  presents  itself.  M.  Cornet  has,  however,  furnished  me  with  the  following  illustratire 
section  (fig.  4),  which  shows  the  existence  of  an  underground  ridge  of  cool  measures  rising;  to  the 
height  of  above  900  feet  under  the  secondary  rocks. 


Fig.  4. — Section  from  the  loegt  of  Mons  to  near  Bascoup. 


a.  Tertiai7  strata.  6\  ChaUt  Atari.  m.  Coal  Meaiorefl, 

b.  Chalk.  c.  Greensands.  1  inch=  700  feet  in  depth. 


These  few  examples  will  suffice  to  show  that  the  surface  of  the  old  Palseozoic  rocks  presented, 
at  the  commencement  of  the  secondary  penodj  a  varied  outline  of  hill  and  valley;  that  the  strata  were 
often  highly  inclined,  and  had  suffered  great  denudation ;  and  that  on  this  surface  the  secondary  rocks 
were  deposited  horizontally,  thinning  out  as  they  approached  any  higher  ground,  and  often  pf^sing 
over  one  another  transgressively  until  in  many  cases  the  old  Palaeozoic  strata  were  entirely  covered 
with  the  exception  of  the  higher  points  or  ridges,  as,  for  instance,  those  of  the  Mendips  and  Ardennes. 

The  conclusion  to  be  drawn  is,  that  the  relation  of  the  Secondary  to  the  Pakeozoic  group  of  rocks  to 
one  another  is  perfectly  independent^  and  that  the  latter  must  be  considered  entirely  on  their  own  internal 
evidence,  apart  from  the  bearing  of  the  newer  rocks  covering  them  and  forming  the  present  surface. 

§  4.  The  relation  of  the  Pakeozoic  rocks  to  the  Secondary  strata  in  tlie  south  of  England  and  in  Belgium. 

Few  geologists  will  contest  the  t*vo  foregoinof  propositions,  from  which,  firstly,  it  would  follow  that 
the  finding  of  coal  under  the  secondary  strata  of  the  south  of  England  must  be  admitted  as  a. possibility. 
Secondly,  we  have  to  consider  the  more  important  question,  as  to  what  are  the  probedtilities  of  finding 
it  tiiere  in  an  available  position,  and  in  sufficient  quantities. 

A  glance  at  the  geological  map  of  Europe  will  show  that  there  is  a  series  of  great  coalfields  ranging 
£rom  Westphalia  to  tiie  north-west  of  France.  These  coalfields  are  deep,  long,  and  narrow,  and  ^eir 
longer  axes  succeed  one  to  another  on  the  same  line  of  strike.  Omitting  a  few  small  unimportant  coal- 
basin-s  the  most  easterly  of  the  great  coalfields  is  known  as  that  of  the  Ruhr,  the  second  as  that 
of  Aix-la-Chapelle,  the  third  as  that  ot*  Li^ge,  and  the  fourth  as  that  of  Charlerol,  Mons,  and 
Valenciennes.  In  all  these  districts  the  coal  measures  are  tilted  up  or  faulted  on  the  south  against  the 
mountain  limestone  and  older  rocks,  and  pass  northward  under  newer  strata,  beneath  which  they  are 
prolonged  until  thrown  out  by  other  undulations  of  the  older  rocks.  The  width,  north  and  scuth,  of 
these  coalfields  is  always  small  compared  to  their  length.  Thus  the  coalfield  of  Li^ge  is  only  three  to 
eight  miles  wide,  whereas  it  has  a  length  of  45  miles.  So  the  exposed  coalfield  from  Namur  to  Charleroi 
is  S3  miles  long:  it  then  passes  under  the  Cretaceous  and  Tertiary  strata,  and  is  prolonged,  with  a  few 
small  exposures,  undergroond,  to  Mons  and  thence  to  Valenciennes.  The  length  of  this  other  portion 
of  the  coalfield  is  33  mUes,  making  a  total  of  65  miles,  with  a  width  near  Namur  of  two  miles,  increasing 
to  seven  or  eight  miles  near  Charleroi,  and  continued  in  France  with  a  width  of  from  six  to  seven 
miles.  It  was  long  supposed  that  the  Coal  Measures  did  not  extend  westward  of  Valenciennes, 
vhere  nothing  but  the  Chalk  and  Tertiary  strata  appear  on  the  surface,  but,  as  before  men- 
tioned, the  line  was  recovered,  after  many  persevering  efforts,  rather  more  than  a  century  ago, 
at  Anzin,  close  to  Valenciennes,  and  has  since  been  followed  under  the  chalk  to  Enquin,  south 
of  Aire,  within  30  miles  of  Calais,  and  distant  54  miles  from  Valenciennes,  west  of  which  point 
older  rocks  are  found  immediately  under  the  chalk.   The  foUowhig  sections  will  serve  to  show  the 
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saroBT  D.    relation  of  the  strata  in  these  disfancts  and  the  depth  at  lAic^  .GoaVk  woi^ed  beneath  the  never 
^       formation«  in  Belginm  and  France: 


ShaflHsections  and  borings  in  the  neighbourhood  of  Mens.* 


Biick-earth       -  - 
Terdaiy  sands         -      -  - 
Chalk  marl     -         -         -  . 
Pebble  bed      _         -  - 
Greensands 
Aachenian  sands 

Goal  Mbasukes  at         -  - 

Earchies  (Boring), 

Brick-earth  and  gravel 

Terriary  sands 

White  chalk         -  - 

Cbalk  marl         -       -  - 

Tourtia         -         -  - 

Greensaiids 

Coal  Mbasukes  at         -  - 


Ft  ins. 

6  6 

2  0 

-  4S  0 

2  0 

-  181  0 

-  92  0 

-  275  6 


4  10 
16  9 
188  6 
141  8 

8  4 
598  7 


-   907  8 


Quangnoa  {^iqft). 


Brick-earth  and  gravel 
Tertiary  sands 
White  chalk 
Chalk  marl 
Tourtia 

Coal  Measdbes  at 


Ft  ina. 

•    .  16  6 

-  "41  8 

-  S83  9 

-  48  5 

4  0 

-  494  4 


VUU  Pommmml  {Bering), 

Brick-earth  and  gravel           -         -  6  9 

Tertiary  sands       -          -            -  47  0 

White  chalk            -          -          -  SOO  0 

Chalk  mari      -          -         -        -  544  6 

Tourtia            -             -             -  3  2 

Greensands         -         ...  185  o 

-  1,086  5 


Coal  Mbasubes  at 


Between  Mens  and  Biche  a  pit  was  sunk  through  1,106  feet  of  chalk  before  reaching  the  Coal 
Measures;  and  at  one  pit  near  Charleroi  the  Coal  Measures  have  been  traversed  to  the  depth  of 
3,412  feet 


Shaft-sections  in  French  Flanders. 


Tertiary  sands  and  days 
White  chalk 
Chalk  marl 
Tourtia 

MoiTHTAnf  Limestone  at 


Ft  ioB. 

-  140  0 

-  146  6 

-  244  0 

8  3 

-  688  9 


Oaiof  {aeuA  tide  if  coal  batm)» 

Loam,  a  vegetable  soil 

Qialk  and  Chalk  marl 

Gault  and  Greensand 

Tourtia         -         .         -  - 


7 

423 
16 
18 


Schistose  bocks  (Devonian  ?)  at     -   460  6 


Marchiermet, 


Tertiary  sands  and  clays 

While  chalk 
Chalk  marl 
Tourtia 


Coal  Measvbes  at 


Ame», 


Vegetable  soil 
Chalk  and  Chalk  marl 
Tourtia 

Coal  Measubes  at 


Ft  ins. 

-  84  0 

-  103  9 

-  231  6 

2  0 

-  421  8 


8  6 

-  411  8 

4  S 

-  484  4 


With  respect  to  the  depth  to  which  the  Coal  Measures  have  been  worked  beneath  tiie  Secondary 

(chalk)  and  Tertiary  strata  we  may  instance- 
Ames.  A  11^11 

t  Feet.  Itet. 

Secondary  and  Tertiary  strata         -         ^  -     4S4  265 

Coal  Measures         -         -         -         -       -     805  1,450 


Total         -         -         -  -     729  1,716 


Between  Valenciennes  and  Calais  the  Tertiary  stnUa  attain  in  places  a  thickness  of  from  300  to 
400  feet 

The  width  of  this  portion  of  the  basin  continues  at  from  five  to  seven  miles  for  some  40  miles 
west  of  Valenciennes.   From  Bethune  it  gradually  narrows  to  less  than  a  mile. 

Several  trials  for  coal  have  been  made  through  the  Tertiary  strata  and  the  Chalk  west  of  Th^rouanne, 
but  no  coal  has  been  found.  At  Remilly,  Mountain  Limestone;  at  Lambres,  Devonian  rocks;  at 
Toumheim,  Silurian  strata;  at  (Juines  and  Hames,  Devonian  rocks  again;  and  at  Calais  a  boring 

*  Desei^on  dn  Terrain  Orftiofi  de  la  Prorinoe  de  Hainant,  par  UM.  Ctnnet  «t  Briai^  pp.  Sa-lOS. 
t  Gaid«da8<mdear,pnMlLDegoaa6eetaX««eD^pLaiT.,xlT.,xUx. 
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for  water  poved  the  existence  of  tiarboniferous  strata  (shales,  sandstones,  aad  limestone,)  beneath  the  Rmm 
chalk.   The  sections  at  the  latter  two  places  were  as  under :  — 


Section  of  Borinff  at  Calais* 


Sands  and  gravel 
Tertiary  strata 
Chalk  and  Chalk  marl 
Upper  greensand  ? 
Gault?  - 

Carbonifskoi/s  strata 


1,138 


Section  of  Boring  at  D'ffameS'Buere  near 
Guines, 


Vegetable  soil         -         .  - 

Chalk  and  Chalk  marl 

Upper  greensand 

Gaalt        -  .  _ 

Red  Schistose  rocks  (Detoniak)  - 


Ft 
6 

629 
0 
32 
6 


ins. 
6 
0 
8 
0 
6 


674  8 


In  England  and  Wales,  a  similar  set  of  phenomena  are  met  with  at  the  other  end  of  the  same  axis 
of  elevation.  From  Milford  Haven  to  Tenby,  contorted  strata  of  the  mountain  limestone  and  old  red 
sandstone  are  flanked  on  the  north  by  the  highly  disturbed  Pembrokeshire  coalfield,  which  is  24  miles 
long  by  3  to  6  miles  broad.  The  great  coalfield  of  South  Wales  is  60  miles  long  by  15  to  IB  broad  ; 
whilst,  that  of  Somerset  and  Gloucestershire  (or  Bristol  and  Bath)  shows  a  length  in  the  direction  of 
the  axis  of  the  Mendips  of  only  12  miles,  whilst  in  the  other  direction  it  measures  26  miles-f 

The  coal  measures  of  South  Wales  are  not  covered  by  secondary  strata,  but  a  large  portion  of  the 
Somersetshire  coal  measures  are  overlaid  by  secondary  rocks,  which  in  their  turn  pass  a  few  miles  to 
the  eastward  under  the  chalk. 

The  following  shaft  sections  are  from  pits  on  the  eastern  side  of  that  basin : — 


Clandown. 

Inferior  Oolite  - 
Lias 

New  Red  Sandstone 
Dolomitic  conglomerate 

Goal  Measures  at 


860 


Tyning  Pit  {Badstock), 


Lias       -  - 
New  Red  Sandstone 
Dolomitic  conglomerate 


Coal  Measures  at 


Feet. 

S6 
165 

90 


£90 


The  coal  measures  are  worked  over  an  area  of  many  miles  in  extent  beneath  these  seconda^  strata. 
Eastward  of  the  Somerset  coalfield  we  have  no  knowledge  based  on  experiment  of  the  thickness  of 
the  secondary  strata  over  the  palfeozoic  rocks  beneau  the  depth  of  600  feet,  until  we  reach  the 
London  basin,  where  a  greater  oeptii  has  been  reached,  as  we  shall  mention  presently. 

§  8.  Uie  General  relati<ms  of  the  Coal  Measures  of  Belgium  on  the  North  of  France  with  those  of  the  West 
of  England  and  South  Wales,  and  their  probable  position  in  the  intermediate  area. 

The  question  which  next  arises  is  how  and  to  what  extent  are  the  coal  measures  of  South  Wales 
and  Somerset  related  to  those  of  Belgium.  Tt  has  already  been  shown  that  there  can  be  little  doubt 
of  the  continuity  of  the  range  of  the  Palaeozoic  rocks  under  the  Secondary  Formations  vbidi  extend 
from  Bel^um  to  Somerset,  but  whether  or  not  the  coal  measures  were  ever  continuous  between  the 
two,  and  whether,  if  they  were,  they  have  been  removed  by  denudation,  requires  further  discussion. 

As  before  mentioned,  the  Coal  Measures  are  thrown  out  by  the  rise  of  the  Mountain  Limestone  and 
Devonian  rocks  between  Bethune  and  Calais,  and  on  the  other  side  the  coal  measures  of  Somerset  rise 
eastward  against  a  ridge  of  mountain  limestone  running  from  Frome  northward  past  Wickwar,  which 
cuts  off  the  coal  measures  in  that  direction.  This  forms  the  main  ground  of  the  objections  of  Sir  R.  J.  Mur* 
chison,  who  considers  that  as  there  are  such  definite  terminations  of  the  coal  measures  at  Calais  and  in 
Somerset,  there  are  no  reasons  for  supposing  that  productive  coal  measures  resume  in  any  of  the 
intermediate  area ;  but  that,  on  the  contrary,  that  area  is  occupied  by  the  older  rocks.  The  argu- 
ment of  so  distinguished  a  geologist  deserves  the  greatest  consideration,  but,  nevertheless,  after  the 
fullest  deliberation,  we  cannot  adopt  it 

That  the  coal  measures  were  originally  connected,  and  extended  from  Belgium  to  Wales,  is  generally 
allowed  {see  Minutes  of  Evidence  D  7-89).  The  fact  that  the  coal  measures  follow  the  folds 
and  undulations  of  the  older  rocks,  that  they  have  a  thickness  of  from  6,000  to  8,000  feet,  and  that 
th^  present  at  the  edge  of  each  coalfield  truncated  beds  of  undiminished  thickness,  and  in  no  case 
present  any  indication  of  the  thinning  out  which  would  occur  near  old  lines  of  shore*  shows  that  each 
coalfidd  is  merely  a  detached  and  proken  portion  of  a  larger  original  formation.  The  boundaries 
of  tiie  coal  measures  in  Somerset  and  in  France  form  no  exception  to  this  rule. 

Although  the  South  of  Wales  coalfield  is  separated  by  30  miles  of  older  rocks  from  the  coalfield  of 
Bristol,  yet  in  mass  or  general  structure  they  show  marked  relations.  . 


Coai  Measures  of  South  Wales. 


Feet. 
3,400 


Sandstone  and  shales,  with  S6  seams 

of  coal  -  -  -  - 
Sandstone  (Pennant  rock),  with  16 

coal  seams   -  3,260 
Shales  and  sandstones  and  ironstone 

with  84  seams  of  coal     -        -  400  to  1,400 


Coal  Measures  ofSommef* 

Sands  and  shales,  with  18  seams  of 

coal           -  S,600 

Sandstone  (Pennant  rook),  with  7  or  8 

coal  seams       ...  3,000 

Shales  and  sandstone  and  ironstone 

with  28  to  80  seams  of  coal  -         -  2,800 


10498.  TObL 


*  The  vater-'beaTiiig  itrata  of  Ixtnion,  p.  208. 

t  It  in  mU^,  however,  e<»nita  of  two  parts,  divided  1^^  the 
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Here  we  have  the  same  triple  diTisioii  in  each  coalfield,  and  a  total  mass  nearly  equaL  There  is 
also  a  general  resemblance  in  litbolo^cal  structure  and  in  the  character  of  the  coals.  Hie  presence 
in  both  of  the  great  mass  of  sandstone  known  as  the  Pennant  rock,  dividing  tho  upper  from  the  lower 
series,  is  a  noticeable  feature.  In  minor  points  it  is  not  easy  to  establish  any  correlation.  No  particular 
stratum  or  bed  of  coal  can  be  recognised  as  common  in  the  two  coalfields.  But  this  is  not  surprismg,  when 
we  considered  how  variable  the  range  and  character  of  the  beds  of  coal,  sandstone,  and  shale  are  in 
all  coalfields,  and  how  they  vary,  even  in  very  short  distances.  Thus,  in  the  Bristol  coalfield,  the  seams 
of  Bristol  cannot  be  correlated  with  tiiose  of"^  Vobster,  nor  those  of  Kingswood  with  the  Nettlebrit^ 
Valley  seam. 

It  18  the  same  in  Belgium.  The  coal  seams  of  one  end  of  the  Li^ge  basin  cannot  be  recognised  in 
those  of  the  other  end.  Even  in  adjacent  collieries  the  diflference  is  marked,  and  new  names  are  given 
to  old  seams,  or  new  seams  set  in.  In  the  adjacent  coalfields  of  Li^ge  and  Namur  and  Charleroi,  there 
is  not  a  single  identical  seam  known ;  and  at  Mens,  again,  there  is  an  entirely  distinct  series.  This  may 
arise  from  the  change,  not  only  in  the  thickness  and  character  of  the  coal  seams,  but  also  in  that  of  the 
intervening  rocks,  so  tfaat,  unless  the  beds  are  traced  step  by  step,  the  change  of  character  and  structure 
may  lead  to  their  not  being  recognised,  and  assumed  to  be  distinct  beds;  but  for  our  purpose  lliis  is  im- 
material. All  that  we  have  to  show  is,  that  it  is  not  easy  to  correlate  coal  measures,  even  in  the 
adjacent  districts,  by  the  order  of  their  strata  or  by  the  organic  remains  of  the  separate  beds. 

Such  being  the  case,  there  is  very  little  hope  of  establishing  any  correlation  of  the  strata  at  such 
distances  as  Somersetshire  and  Belgium.  Nevertheless,  there  are  certain  points  of  resemblance  which 
deserve  attention.  The  thickness  of  the  coal  measures,  when  taken  in  their  most  complete  series, 
show  very  idmilar  dimensions,  as  given  approximately  in  uie  following  table: 

Mean  Thickness. 


Sonth  WaleB. 

Somenet. 

JUige. 

Wee^halia. 

Feet. 

Feet 

Faet. 

Feet. 

Feet 

11,000 

8,400 

9,400 

7,600 

7,218 

These  dimensions  are  greatly  in  excess  of  our  coalfields  in  general,  with  the  exception  of  that  of 
Lancashire,  which  Professor  Hull  estimates  at  7,000  feet;  whereas  he  gives  2,600  feet  for  the  Leicoster- 
bhire  coal  measures ;  3,000  feet  Warwickshire  ;  2,600  Derbyshire  ;  and  2,030  Durham. 

The  number  of  coal  seams  in  all  these  coalfields  is  large,  but  their  thickness  is  generally  small,  and 
in  no  case  are  seams  found  of  the  great  thickness  attiuned  in  many  other  coamelds ;  6  feet  is  an 
extreme  case,  and  2  to  3  feet  is  reckoned  a  good  workable  coal ;  even  1  to  1^  feet  are  worked.  The 
foll^nrii^  are  the  apiuro^dmate  number  and  total  thickness  of  these  workable  seams :-— 


SoQtli  Wales.* 

SomeEMC-l- 

Li&ge.§ 

Wes^dialia.!! 

Number  of  seams 

75 

55 

110 

85 

117 

Total  thickness  of  workable  \ 
coal                          -  J 

Feet 
120 

Feet 
98 

Feet 
230 

Feet. 
212? 

Feet. 
294 

One  cause  of  the  greater  amount  of  coal  in  these  continental  coalfields  as  compared  with  the 
English  measures,  whose  thickness  is  equally  great,  is  that  the  Pennant  rock,  which  is  from  2,000  to 
3,000  feet  thick,  and  contains  but  little  coal,  is  replaced  by  productive  measures  in  Belgium. 

As  before  said,  the  coal  seams  of  these  and  all  other  coalfields  always  occupy  very  variable  areas, 
still  the  general  character  of  the  group  of  coal  seams  has  often  a  certain  distinctive  character.  Such 
similarity  is  maintained  in  ail  essential  points  throughout  Belgium  and  the  north  of  France,  and  this 
pernstance  of  the  same  characters  in  the  south  of  Wales  and  ScHuerset  coalfields  is  a  condition 
important  to  note. 

There  is  a  marked  difierence  between  the  coals  of  the  north  of  England  and  those  of  South  jWades 
and  Somerset ;  the  preponderance  of  caking  coals  in  the  former,  and  of  anthracite,  steam,  and  smiths' 
coals  in  the  latter,  is  well  known.  The  same  relative  distribution  holds  good  with  respect  to  the 
Belgian  coals  and  those  of  other  parts  of  the  continent  In  the  Mens  coalfield  the  lower  seams  often 
pass  in  places  into  anthracite,  the  presence  of  which  constitutes  so  great  a  feature  in  the  South  Wales 
coalfield.  We.  were  informed  both  by  M.  Comet  of  Bascoup  and  by  M.  Briart  of  Cuesmes,  who 
have  charge  of  the  two  largest  works  in  the  neighbourhood  of  Mens,  that  on  an  occasion  of  a  visit  to 
the  English  coal  districts  the  coals  they  found  most  resembling  the  Belgian  coals  were  those  of  Somerset 
and  South  Wales.  These  gentlemen,  who  are  also  very  competent  geologists,  have  since  favoured  us 
with  the  further  opinions.  M.  Cornet  writes,  11  m'a  sembl^  trouver  beaucoup  de  ressemblance  entre 
"  les  couches  exploit^s  h  Kadstock  dans  le  Somersetshire  et  celles  de  notre  pays.  Les  couches  de 
"  Radstock  sont  comme  les  ndtres  peu  puissantes  relativement  &  ce  que  Ton  voit  dans  les  autres 
**  bassins  de  TAngleterre;  leur  charbon  se  brise  en  morceaux  qui  ont  la  mSme  forme  que  ceux  de  nos 
"  couches  moyennes,  et  les  roches  du  taii  et  du  murressemblanttout-&-fait  aux  n6tres,"  while  M.  Briart 
obserrev  "  Dana  les  demandes  que  vous  m'adressez  il  en  est  une  &  laquelle  je  dois  une  r^ponse 


t  Bcport  on  the  SomenetaUxe  and  aieooertenhire  Coalfield,  p. 
%  I)Ilnlont*'BarU&ulttitationG^okg^twdnPranIlOBdeId% 


Li^,  p.  S68. 


X  Briart  aad  Ckimet. 

II  W.  W.  Smyth,  Coal  and  Coal  Minbg,"  p.  79. 
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"  spdciale,  c'est  celle  ainsi  con^ue.   (2.)  Vous  me  rappelez  que  je  vou8  ai  dit  avoir  trouv6  beaucoup  de  Bv^jn- 
"  rapports  entre  dos  couches  de  bouille  et  celles  du  pays  de  Galles  et  de  Bristol,  et  vous  me  demandea 
"  mon  opinion  h.  ce  sujet  par  ^it,  &c^ 

"Depuis  le  voyage  que  j'u  fait  dans  le  pays  de  Galles,  j'en  ai  fait  un  autre  en  Allemagae,  oii  j'ai 
"  visits  les  mines  de  bouille  d'Aix-la-Cbapelle,  de  la  Westphalie,  de  la  Saxe,  et  de  Saarbruck.  Jrai 

fait  dans  ce  dernier  voyage  des  observations  analogues  k  celles  auxouelles  votre  lettre  fait  alluaon. 
**  II  n'eat  pas  douteux  poor  moi,  que  les  bassins  bouilTeis  de  la  Rhur,  d  Aix-la-Cluf>eIle,  de  la  Belgique, 
**  et  du  nord  de  la  France^  de  Bristol,  et  du  sud  du  pays  de  Galles  ne  se  sment  fonn&  dans  les  m^mes 
"  conditions,  h.  la  mSme  ^poque  g^lo^que,  et  n'aient  ^prenv^  les  m6mes  effets  de  m^tamorphisme.  J'ai 

eu  I'occasion  de  visiter,  &  deux  reprises  diff^rentes,  pluaieurs  mines  de  Radstock  pr^s  de  Bath,  et  du 

sud  du  pays  de  Galles  ;  ces  mines  me  rappelaient  parfaitement  les  n6tres  ;  les  couches  de  bouille 
*'  y  ont  le  mime  aspect,  et  les  rocbes  encaissantes  s'y  r^trouvent  pour  ainsi  dire  trait  pour  trait.   J*ai  fait 

fa  mdmeremarque  en  Allemagne;  les  cbarbons  de  la  Rhur  et  de  Kschweiter  ont  tout^-fait  YaspwA 
t<  des  cbarbons  Beiges,  tandis  oue  ceux  de  Saarbruck  et  de  Zwickau  en  Saxe  ressemblant  plutdt  aux 
"  cbarbons  de  Newcasde  et  de  Manobeeter  et  m6me  de  Glas^^ow.  Voici  en  quoi  consiste  cette  diffiSrence 
"  d'aspect  Le  divage  des  houilles  de  Belgique  se  fait  suirant  des  plans  br^  obliques,  de  mani^re  a 
"  former  des  rfaomboim^  &  angles  plus  ou  moins  aigus  ;  les  faces  de  ces  rbomboidres  sont  souvent  strips 
"  irr^guli^rement.  J'ai  r^trouv^  cette  forme  de  cUvage  a  Bristol  et  dans  le  sud  du  pays  de  Gallesj  aussi 
"  bien  qu'k  Eschweiter  et  en  Westpbalie." 

In  the  South  Wales  coalfield  the  beds  of  clay  ironstones  are  numerous  and  important ;  in  the 
Somerset  coalfield  they  are  much  fewer  and  less  important ;  whilst  in  tbe  Belgian  coalfield  they  are 
comparatively  of  so  little  importance  that  they  were  hardly  worked  until  within  me  last  40  years.  The 
following  remark,  however,  is  made  by  Mr.  Rogers,  of  Abercam,  F.G.S.,  in  bis  valuable  account  of 
iron  ores  of  South  Wales  :* — "  On  a  short  examination  of  Ibis  and  the  Devonian  series  in  Westphalia 
*'  and  Belgium  a  few  months  since,  we  noticed  an  iron  ore  of  marked  character,  found  in  the  lower 

limestone  shales  in  those  districts,  and  largely  used  at  the  different  ironworks.    It  was  quite  different 

from  any  known  in  this  country.   On  returning  home,  after  a  few  weeks  careful  seai^  the  same 
"  ore  was  found  in  the  same  geological  position  in  South  Wales." 

Or^ianic  remains,  often  so  important  in  correlating  strata,  are  here  of  little  assistance,  as  in  idl  the  coals 
of  tins  age  in  Europe  the  plant  remiuns,  having  originated  in  the  growth  of  a  common  vegetation,  the 
same  spe<ne8  are  generally  found  in  all  coalfiel<u,  and  do  not  aflbrd  any  distinctive  diaracters.  There 
are,  however,  occasionally  more  special  characters  afforded  by  certun  groups  of  fish,  shell,  or  crus- 
tacean remains,  although  but  littie  weight  can  even  be  attached  to  these.  In  South  Wales 
Mr.  Salter  has  given  lists  of  these  fossils.  In  Belgium  they  do  not  seem  to  us  to  have  been  so 
thoroughly  worked  out.  We  may  notice,  however,  in  both,  the  common  occurrence  of  various  species 
of  Anthrocosia,  of  Goniatites,  and  Ch&netes.^   It  may  be  noted  also  that  certain  peculiar  smidl  rossilib 

consisting  of  various  mecies  of  have  been  found  by  us  in  tike  lower  coal  series 

of  N^isea,  Kingswood,  and  Twertou,  and  that  we  have  found  nmilar  fossils  in  the  coal  measures  <^ 
Id^ge  and  Mons. 

'niat,  however,  which  best  establishes  tiie  relation  between  tiie  coalfields  of  the  soutii-west  of 
England  and  those  of  the  north  of  France  and  Belgium  is  the  similarity  of  mass  and  structure,  unifor- 
mity of  subjection  to  like  physical  causes,  and  of  relation  to  the  uzulerljriiur  older  and  overlying  newer 
formations.  These  points,  whidi  are  of  the  greatest  importance,  we  wiU  now  proceed  to  conuder 
in  some  detail. 

In  the  first  place,  we  have  to  note  the  great  fact  dwdt  upon  by«ll  the  witnesses,  that  these  several 
coalfields  owe  their  position  to  the  one  great  axis  of  disturbance,  which  has  been  traced  from  Ireland 
to  Frome,  and  again  in  the  Ard^mes  aiu  in  Westphalia ;  in  all  which  countries  it  has  affected  ro^s 
of  the  same  Palaozoic  age.  In  the  intermediate  ground  between  the  Ardennes  and  the  Mendips  the 
anticlinal  axis  cannot  be  traced  on  the  surface,  as  the  oldw  rocks  are  covered  by  secondary  strata  ; 
but  80  far  as  they  have  been  followed  underground  beneath  these  strata,  so  far  have  the  effects  of  tiie 
same  disturbance  been  recognised,  and  there  is  every  reason  to  believe  that  the  same  line  ranges  unin- 
terruptedly underground  between  these  distant  points.  The  general  strike  is  from  east  and  west,  but, 
as  usual  in  such  lines  of  elevaticm,  it  is  subject  to  local  deviations,  and  follows  a  waved  course.  This 
renders  its  underground  direction  more  difficult  to  determine. 

In  Belgium  and  France  tiie  carboniferous  rocks  have  been  followed  for  a  consideiable  distance 
imder  the  newer  rocks,  and  we  are  able  to  trace  tiidr  course  nearly  to  the  coast  of  France,  but  in 
England  the  coal  measures  of  Somersetshire  have  not  been  traced  eastward  beyond  the  boun- 
daries of  the  Bath  and  Bristol  coalfield.  From  South  Wales  to  the  Mendips,  the  direction  of  the 
strike  is  rather  soutii  of  east,  but  at  Vobster  it  is  nearly  due  west  and  east,  and  near  Frome  and  Wells 
it  has  a  direction  slightiy  north  of  east  On  the  other  hand,  in  Bel^um,  from  Li^ge  to  JN^amur,  the 
direction  is  west-south-west ;  in  passing  from  Bel^um  to  Valenciennes  it  ranges  south-west,  while  at 
the  latter  place  it  bends  and  trends  west-north- west^  in  the  direction  of  Calais.  The  question  then  arises  as 
to  which  is  liie  Erection  nndeq^und  followed  by  this  axis  of  the  older  rocks  between  Ci^ais  and  ¥tm»  ? 
Mr.  Qodwin-Austen,^  believing  that  old  lines  of  disturbance  are  most  liable  to  yield  to  subsequent 
movements,  conaders  that  ''In  this  way  marked  physical  features  in  any  region  become  unerring 
"  guides  as  to  the  character  and  extent  of  the  earliest  disturbances  which  took  place  there.   The  sharp 

axis  of  Artois  is  continued  across  our  area  by  the  range  of  the  North  Downs  and  tiiose  of  Hants. 

There  is  this  feature  to  be  observed  along  the  whole  of  this  line,  that  on  the  north  limit  of  thu  ridge 
"  the  beds  dip  suddenly^and  rapidly,  and  hence  a  line  of  fractures,  extending  from  near  Arras  to  the 
**  east  end  of  the  Boulonnais,  and  horn  the  north-west  pomt  of  the  Wealden  denudation  to  the  valley 
**  oi  Devises.  This  relative  depression  on  the  north  has  preserved  the  nummulitic  series  (lower  tolaary). 


Memoirs  of  die  Geological  Surrey  of  Great  Britain,  1601,  p.  W. 

We  hare  reaBon  also  to  beliere  ia  the  oeearrence  of  ■  ipoeiH  of  ZViIdM*  hiA  a  JVpdMBaifc 
Quart  Joiyn.  Oed.  Soc,  Vtd.  XIL,  p.  62. 
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"  jtist  as  along  the  Franco-Belgian  line  the  degression  on  the  north  was  the  cause  of  the  preservation  of 
"  the  great  coal  trough.  Applying  this  consideration  to  the  stnictiu'e  of  our  area  Irom  Kent  into 
"  Somerset,  we  may  leel  sure  that  a  like  arrangement  of  the  older  strata  runs  from  th3  valley  of  the 
Thames  into  that  of  the  Kennet ;  alon^  this  line  the  coal  meature*  may  he  reasonahly  supposed  to  have 
"  been  preserved.** 

If,  however,  we  prolong  the  strike  of  the  paloeozoie  rocks  at  Frome  and  in  the  department  du  Pas  de 
Calais  it  will  carry  the  anticlinal  farther  north,  so  as  to  place  London  nearly  on  the  centre  of  the  ridge, 
and  since  the  writing  of  Mr.  Godwin-Austen's  paper  this  position  of  the  older  rocks  has  been  deter- 
mined by  a  boring  made  for  water  at  Kentish  Town,  where,  under  the  chalk,  at  a  depth  of  1113  feet, 
a  serira  of  red  and  grey  sandstones,  which  should  probably  be  referred  to  the  Old  Rea  Sandstone,  were 
met  witii. 

The  lensth  of  this  great  axis  of  elevation  from  the  south  of  Ireland  to  Westphalia  is  850  mile?. 
On  its  noithem  flanks  are  found  some  of  the  finest  coalfields  in  Eurme,  and  although  these  coalfields 
are  at  present  separated  by  barriers  of  older  rocks  tiiere  is  reasoa  to  believe  that  originally  Lhev  were 
all  connected.  The  grounds  for  this  belief  are,  that  although  these  coalfields  now  form  sejiarate  basins, 
the  coal  measures  forming  them  are  evidently  not  independent,  or  each  originally  formed  in  their  own 
separate  basin,  because  in  that  case  each  basin  would  be  complete  in  itself,  would  be  of  variable 
thickness,  and  would  exhibit  a  thinning  out  of  the  strata  as  they  approached  the  edges  of  the  bastn. 

The  surface  of  the  mountain  limestone  must  also  have  assumed  a  basin-shaped  form  previously  to 
the  deposition  of  the  coal  measures,  so  that  a  marked  unconformability  would  exist  between  the  two 
deposits ;  whereas  no  such  unconformability  exists.  On  the  contrary,  tliey  have  both  been  subjected  to  the 
same  movements  of  elevation  and  depressmn  which  have  given  them  weir  present  basin-shaped  form, 
and  in  every  instance  both  set  of  strata  maintain  a  uniform  or  nearly  uniform  thickness,  and  they  are 
truncated  or  cut  off  at  the  outcropping  edges,  showing  them  to  have  had  a  greater  original  range. 

The  date  of  the  main  axis  of  disturbance  has  been  placed  after  the  formation  of  the  Coal  Measures 
and  prior  to  the  deposition  of  the  Permian  series.  Besides  this  axis  there  are  minor  transverse  ridges, 
the  age  of  which  is  more  uncertain.  An  ingenious  suggestion  has  been  thrown  out  by  Professor  Hull, 
that  whereas  the  great  east  and  west  axis  of  elevation  of  the  Mendips  and  the  Ardennes  threw  the  coal 
measures  into  a  great  continuous  east  and  west  trough  flanking  the  north  side  of  the  axis,  a  sul>- 
sequent  set  of  movements  at  nearly  right  angles  to  the  former  one  took  place  between  the  Permian  and 
the  Trias,  whereby  the  original  trough  was  divided  into  a  number  of  segments,  each  constituting  a 
separate  coal  basin.  He  considered  that  certain  anticlinals  of  this  age,  such  as  the  Penine  chain,  the 
Malvern  Hills,  &c.,  were,  with  the  Charnwood  Forest  ridge,  prolonged  southward  through  the  older  coaX 
trough.  From  the  known  direction  of  these  transverse  axes  in  the  midland  counties,  Professor  Hull  attempts 
to  show  that  the  position  of  the  coal  basins  formed  by  the  intersection  of  the  transverse  axes  with  the 
main  anticlinal  under  the  secondary  rocks  of  the  south  of  England  could  be  predicated  with 
much  certainty.  To  these  tranverse  ranges  and  to  the  extent  of  denudation  Mr.  Hull  attaches  much 
immrtance. 

We  cannot  quite  a^ee  in  these  views,  nor  in  the  extent  of  interference  caused  by  the  action  of  these 
transverse  lines  of  disturbance,  while  the  extent  of  denudation  succeeding  these  two  movements  of 
elevation  is  a  very  uncertain  quantity. 

Sir  Roderick  Murchison  gives  an  extreme  value  to  the  interference  by  older  rocks.  He  says,*  "By 
"  trials  made  through  the  cretaceous  rocks  and  other  overhing  deposits,  these  same  coal  strata  have 
"  been  proved  to  extend  to  the  west  of  Bethune.  But  they  there  gradually  thin  out  to  a  narrow  band, 
"  which  diminishes  to  a  wedge-hke  mass  directed  to  west-north-west  The  western  limit  of  the  better 
"  portion  of  the  field  has  been  definitely  proved  br  the  fact  that  in  all  the  borings  which  have  been 
"  made  to  the  cast  of  a  villa^  called  Flecnenelle,  i5evonian  Umestones,  schists,  and  grits  alone  have 
"  been  reached,  the  coal  bemg  thus  completely  omitted."  And  again,  "  In  short,  all  the  practical 
"  French  geologists  with  whom  I  have  conversed  are  of  opinion  that  the  coal  basin  of  Valenciennes 
"  and  Belgium  terminates,  as  far  as  productive  value  goes,  a  few  miles  west  of  Bethime."  This  would 
mark  the  termination  of  the  Belgian  coal  measures  westward,  whilst  in  England,  Sir  Roderick,  speaking 
of  English  coalfields,  observes  that  the  mountain  limestone  forms  the  outward  eastern  girdle  of  the 
"  great  Somerset  and  Bristol  coal-buin  from  Wells,  and  Elm  near  Frome,  on  the  south,  to  Chipping 
"  Sodbury,  Wickwar,  and  to  near  Tortworth  on  the  north;"  and  remarks,  that  on  the  north  of  London  "the 
"  first  andent  rocks  we  meet  with  are  the  slates  of  Charnwood  Forest,  which  are  admitted  to  be  of 
"  Cambrian  or  infra  Silwian  age."  On  these  grounds  Sir  R.  Murchison  contends  that  the  older 
palfeozoic  rocks  subtend  the  secondary  rocks  in  the  south  of  England,  to  the  exclusion  of  productive 
coal  measures.  Mr.  Hullf  expresses  his  concurrence  "in  the  views  advanced  by  Sir  R.  I.  Murchison, 
"  that  in  consequence  of  the  great  amount  of  denudation  which  the  carboniferous  rocks  had  undergone 
"  over  the  area  of  the  south  of  England  previous  to  the  deposition  of  the  mesozoic  formations  little 
"  coal  was  to  be  expected  to  remain  under  the  cretaceous  rocks." 

^  We  do  not  dispute  the  facts  of  Sir  R.  I.  Murchison.  We  admit  every  one  of  them  in  their  fullest 
significance,  with  a  slight  exception  in  one  case  to  which  we  will  refer  presently.  The  question  with 
us  is  the  value  and  consequence  to  he  attached  to  the  facts. 

Sir  Roderick  bases  his  argument  on  three  grounds.  The  one  we  have  just  referred  to,  that  in  the 
south  of  England,  the  coal  measures  are  actually  cut  off  on  the  east,  west,  and  north  bv  older  rocks ;  the 
second  is  that  the  coalfield  of  Hardinghen  near  Boulo^e  has  only  "  an  insignificant  patch  of  worthless  coal 
associated  with  it and  the  third  is  the  gradual  thinning  out  and  deterioration  of  the  coal  beds  as  they 
range  from  Belgium  to  England ;  and  he  sums  up,  "  As  the  coal  measures  thus  thin  out  towards  the 

British  Channel,  though  some  traces  of  poor  coal  have  been  found  near  Calsds,  we  have  a  clear  demon- 
**  stration  in  the  Boulonnais  that  no  productive  coal  measure  lure  superposed  to  the  carbonifnvus  or 
'*  mountain  limestone.  In  other  parts,  indeed,  of  the  same  district^  the  true  Devonian  limestone,  with 
"  many  fossils,  as  well  as  crystalline  carboniferous  limestone,  are  at  once  covered  by  oolitic  and 
**  cretaceous  rocks,  to  the  entire  exclusion  of  any  workable  coal.   Judging,  then,  from  tiie  gradual 


*  Britidt  AModatioD,  1866,  Beports  of  FroModingi,  p.  57. 
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"  deterioration  and  extinction  of  the  coal  beda  as  they  approach  the  French  aide  of  the  Channel,  I  hold  '"Sf^ 
**  that  there  can  be  no  reason  to  hope  that  better  conditions  can  be  looked  for  throughout  the  southern 
**  counties  of  England." 

We  will  first  consider  the  bearing  of  the  Hardinghen  coalfield  on  the  question.  This  was  at  first 
supposed  to  be  a  prolongation  of  the  true  coal  mes^ures  of  Belgium,  but  it  is  now  considered  to  be  of 
older  date,  and  to  underlie  them.  The  Mountain  Limestone  of  Belgium  contains  an  intercalated  group 
of  strata  with  a  few  poor  seams  of  coal,  none  of  which  are,  we  believe,  worked.  Mr.  Godwin-Austen 
has  shown  that  the  Hardinghen  coal  measures  belong  to  this  group,  and  that  "the  coal  of  the 
Boulonnais  is  not  at  all  the  coal  of  the  fgreat)  Belgian  band,"  which  band  he  has  "conjecturally 
represented  as  extending  west  of  Calais."  These  Hardinghen  coals  are,  nevertheless,  of  the  same  age 
ad  some  of  the  coals  more  profitably  worked  in  the  Mountain  Limestone  in  Scotland  and  the  north  of 
England.  The  carboniferous  limestone  with  these  associated  coal  beds  of  the  Boulogne  district  passes 
probably  under  the  Wealden  area.  In  Somerset,  where  this  limestone  agun  comes  to  the  surface,  no 
traces  of  these  subordinate  beds  are  found.  On  the  two  grounds,  therefore — that  the  Hardinghen  coal- 
field is  extremely  poor,  and  that  it  thins  out  westward — there  seems  to  us  but  little  chance  of  meeting 
with  productive  coal  measures  under  the  Wealden  area.*  On  this  part  of  the  question  we  therefore 
perfectly  agree  with  Sir  R.  I.  Murchiaon. 

The  second  point  remarked  on  by  Sir  Roderick  is,  "the  gradual  deterioration  and  extinction  of  the 
coal  beds  as  they  approach  the  French  side  of  the  Channel."  From  observations  preceduig  this,  it 
would  seem  that  Sir  Roderick  in  expressing  this  opinion  had  in  view  both  the  coal  measures  of 
Hardinghen  and  the  band  between  Bethune  and  Calais.  But  as  we  have  before  said,  the  coal  beds 
of  Haiaingben  do  not  belong  to  the  zone  of  the  Belgian  coalfield,  but  are  of  older  age.  There  is  no 
deterioration  of  the  beds  in  the  Hardinghen  coalfield.  It  is  their  normal  condition,  or  something 
rather  better  than  that.  There  can  be  no  doubt  of  their  inferiority,  but  they  do  not  affect  the  main 
question  at  issue.  This  question  is,  whether  or  not  the  gi'eat  band  of  coal  measures,  ranging  from 
Belgium  to  Valenciennes  and  Bethune,  thins  out  or  undergoes  such  a  change  as  to  lead  to  the  suppo- 
sition that  the  coal  beds  have  become  so  deteriorated  in  iheir  range  towards  Calais  that,  even  supposing 
they  were  prolonged  westward  into  England,  thoy  would  prove  not  to  be  productive. 

On  this  point  we  are  obliged  to  differ  irom  our  distinguished  colleague.  The  coal  measures,  it  is 
tme,  thin  out  in  one  sense  as  they  range  west  from  Valenciennes,  but  it  is  in  consequence  of  their 
denudation  before  the  deposition  of  the  secondary  rocks,  and  not  from  any  original  dying  out  of  the 
measures  or  approach  to  old  shore  lines.  The  component  strata  retain,  as  well  as  we  can  ascertain, 
their  ordinary  dimensions  throughout,  and  the  coal  seams  are,  in  proportion  to  the  mass  of  the  stratatt  uo 
fewer  and  no  thinner  than  further  east,  although  the  quality  is  in  many  respects  inferior,  in  consequence 
of  the  rise  of  the  lower  and  more  unproductive  beds  with  their  group  of  non-bituminous  coals 
(houilles  maizes).  The  section  at  the  Calais  end  may,  in  fact,  be  taken  as  follows  ;  the  dotted  lines 
show  the  onginal  prolongation  of  the  coal  measures : — 

Fig.  5. 

W.N.W.  K.N.E. 


a.  Tertiary  stnrtt.  n,  n".  Monntaio  limCBtone. 

C.  Calus.  h.  Cbalk.  n*.  Intercalated  coal  strata. 

m.  Coat  measnres.  o.  DeroniaB  loekb 

In  the  great  Li^e  coalfield,  according  to  M.  Dumont,  ''la  puissance  des  couches  de  houille 
"  varie  de  0"-01  &  l^  SO,  mais  elle  atteint  rarement  cette  dermic  dimension."!  M.  Cornet,  in 
speaking  of  the  coal  measures  of  Mons,  says,  that  "  au  fond  du  basan  il  existe  une  epaisseur  de 
"  200  mMres  (656  feet)  environ  de  terrain  renfermant  quelques  jjetites  couches  non  exploitables 
"  form^es  d'un  charbon  tr^  maigre."  Above  this  is  another  division  with  10  seams  of  stony  coal 
(houille  maigre),  and  next  above  the  measures  with  bituminous  coals  (houilles  grasses).  Speaking 
of  the  thickness  of  the  seams,  M.  Comet  says,  "Lea  couches  de  1"-S0  ii  2"  00  sont  trfes  peu 
"  nombreuses.  On  pent  admettre  que  la  puissance  moyenne  ne  depasse  pas  C'CS  (25^  inches).  In 
the  neighbourhood  of  Valenciennes,  where  the  middle  beds  of  the  coal  measures  seem  to  be  worked, 
M.  W.  W.  Smyth  says  that  at  Anzin  18  seams  are  worked,  having  a  total  thickness  of  39  feet. 
Immediately  west,  at  Aniche,  there  are  12  beds  worked,  giving  together  but  23  feet  of  coal;  while  four 
lower  beds  at  Douchy  give  11  feet  6  inches  of  coal.  Further  west,  near  Douay,  M.  Meugy  mentions 
two  coal  beds,  one  l^  SO  and  the  other  S^'IO  thick.  Still  further  west,  M.  BuTat,§  speidcitag 
of  the  collieries  in  the  department  of  the  "Pas  de  Calais,**  says,  "le  bassin  est  recouvert  par  une 


*  At  the  same  tune,  aa  the  Hardmghep  coal  meastiiea  are  the  renilt  of  local  expsniioD  of  sdll  poorer  Iwda  in  Bdgiam,  -vhetlur 
that  expanaion  may  be  mBintained  or  mi^  eTfn  iacreaic  fiw  a  time  in  the  range  veatwiid  admits  of  a  qnestion. 

t  According  to  M.U.  Degoos^  and  Laorcnt'a  section  of  ^mea,  it  voold  iqtpear  that  there  are  five  mmu  iridi  ahont  19  ftet  of 
coal  in  800  feet  of  measures. 

X  Op.  elt.,  p.  197.  §  Les  Hoailttres  en  1867,  p.  80. 
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depart "  epaisseur  de  100  &  140  mbtreB  de  morte  temins  ac^i^rea ;  les  couches  exploits  y  out  de  0™*50 
u  ^  im.^o;  la  profondeur  des  traraux  y  est  de  150  a  SOD  metres."  "La  moyenne  (of  the  seams) 
"  paraissant  se  rapprocher  de  0*" '  80.  Dans  la  foss&  No.  2,  de  Lens  la  veine  Beaumont  attdnt  pw 
"  exception  une  puissance  de  2°*20  (7  feet  3  mches)." 

We  think  it  evident,  therefore,  that  both  the  number  and  thickness  and  quality  of  the  seams  of  coal 
are  tolerably  uniform  from  one  end  to  the  other  of  the  great  coalfield  of  Bel^um  and  the  north  of 
France,  and  diat  the  thinning  out  of  the  coal  measures  towards  Calais  is  due  to  denudation,  and  not 
to  any  approach  to  the  ori^nal  limits  of  the  coal  measures  and  thinmng  out  of  the  coal  seams,  and 
consequently  that  ^ould  the  coal  measures  agiun  set  in  to  the  westward  of  Calus  they  woidd  be 
found  to  be  equal  in  productiveness  with  the  great  coal&eld  of  the  north  of  France  and  of  Belgium. 

Still  there  is  one  consideration  which  must  not  be  overlooked  in  looking  at  a  possible  deterioration 
or  loss  of  coal  westward  of  Calais  should  the  coal  measures  resume  there.  It  is  well  known  that  many 
productive  fields  become  unproductive  in  certain  du'ections.  Thus  the  Cocdbrooke  Dale  coalfield  loses, 
as  it  ranges  from  Madeley  to  Bridgnorth,  all  its  most  important  coal  seams,  and  retains  but  a  &w 
seams  hardly  worth  woiking,  a  deterioration  which  extends  to  the  Forest  of  Wyre  coalfield,  where  ihe 
measures  are  even  thicker,  but  the  seams  still  few  and  scanty.  So  also  some  of  the  L^cestershire 
measures  which  have  been  reached  further  south  under  the  New  Red  Sandstone  have  proved  un- 
productive. A^ain,  and  bearing  more  directly  on  the  point,  the  coal  measures  of  Somersetshire  show 
a  marked  deterioration  as  they  range  northward.  The  lower  division,  which  in  the  southern  portions 
of  the  coalfield  contains  25  seams  of  workable  coal,  contains  only  five  or  six  such  seams  at  the  northern 
portion,  the  length  of  the  coalfield  being  S6  miles.  It  is  to  be  observed,  however,  that  the  same  coal 
measures  in  their  range  still  further  norm  resume  ihek  more  productive  condition,  as  is  the  case  in  ^e 
Forest  of  Dean.  This  decrease  of  coal  beds  seems  dependent  on  the  distance  &om  original  land 
Buriaces.   Everywhere  along  the  old  tract  of  Carboniferous  and  Devonian  rocks,  extending  from  West- 

{ihalia  to  South  Wales,  there  appears  to  have  been  an  old  growth  of  coal-producing  vegetation  of  great 
uxuriance  and  persistence.  Everywhere  along  the  immediate  flanks  of  the  great  axis  traversing  that 
old  tract  we  find  rich  and  productive  measures,  however  much  they  may  deteriorate  as  they  recede 
from  that  line ;  and  there  is  no  reason  to  believe  but  that  we  should  find  the  same  productiveness  along 
the  flanks  of  tlie  same  underground  ridge,  although  at  a  distance  of  20  to  30  mWes  from  it  a  falling  on 
might  possibly  be  found.  On  these  grounds  we  believe  that  the  Coal  Measures,  should  the^  exist 
under  the  Secondary  rocks  of  the  south  of  England,  would  be  found  in  full  f<Hrce  uid  in  full 
productiveness. 

Professor  Hull,  however,  thinks  that  this  latter  area  was  previously  occupied  by  stiU  older  rocks  over 
which  the  Carboniferous  rocks  and  the  coal  measures  never  spread,  and  he  remarks,  "  It  is  a  most 

interesting  fact,  that  the  strata  which  compose  the  coal  measures  thin  awa^  towards  the  south-east 
"  of  England,  and  expand  in  volume  towards  the  north-west.^*  And  agam,  "  It  has  already  been 
"  shown  that  the  coal  measures  of  England  thin  away  and  ultimately  die  out  towards  the  soudi-eastem 
"  counties,  and  also  that  most  of  the  re^on  lying  between  Staflbro^hire,  Warwickshire,  and  Leicester- 
"  shire  on  the  one  hand,  and  the  valley  m  the  Thames  and  Channel  on  the  other,  was  dry  land  during 
"  the  period  of  the  productive  coal  measures,  and  w  therefore  deOUute  of  coal.  So  that  if  this  district 
"  stretdiing  eastward  to  the  sea,  and  southward  to  the  Thames,  were  stript  of  its  covering  of 
"  cretaceous,  Jurassic,  and  triassic  rocks,  we  should  in  all  probability  find  a  bare  tract  of  Cambro- 
"  Silurian  slates  and  porphyries."  This  very  much  coincides  wiUi  the  views  of  Sir  Roderick 
Murchison,  and  as  they  are  most  important  objections  we  will  consider  them  in  some  detail. 

In  the  first  place,  Mr.  Hull  says  there  is  a  ipradual  lessenii^  in  the  thickness  of  the  coal  measures 
from  the  north  to  the  BOutb.t   llius  he  ^ves  toe  following  table  in  illustration : — 


Thiekwss  ofihe  Coal  Metuures, 


lADcaibize. 

North  Stafibrdshire. 

South  Stttffijrdshire. 

Feet. 
6,600 

6,000 

Feet 
1,810 

And  again  in  passing  from  the  north-west  to  the  south-east : — 

LanoMMre. 

SoDth  DerbTihire. 

Leioestovhire. 

Feet 
6,800 

Feet 
8,500 

Feet 
2,500 

Whence  he  observes,  it  will  be  observed  how  nq^tidly  the  sedimentary  materials  decrease  in  volume 
^'  towards  the  south-east" 

If^  however,  we  extend  the  lines  of  observation,  and  canr  them  north  and  south  on  the  same  line  as 
&r  as  liie  coal  measures  have  been  traced,  we  have  the  flDlIowing  results,  the  dimenaons  of  the  strata, 
but  not  the  tables,  being  taken  again  from  Mr.  Hull's  work. 


*  The  Coelfiflldi  of  Greet  Britidn,p,St50.  t  Qp.dt,p.SM. 
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Hiickness  of  coal  meftsures  from  north  to  south  on  the  western  nde  of  the  Penine  chain- 


Burnley. 

(Uid) 

Manchestar. 

N.  Stafford. 

S.  Stafford. 

Feet 
2,817  ? 

Feet 
6,800 

Teet 
4,000 

Fleet 
5,000 

Feet 
1,810 

Again  on  the  eastern  side  of  the  Penine  chain  the  coalfielda  from  north  to  south  shov — 


NewcHtle  and 
Dorhun. 

TtutabiK. 

Deri^diin. 

A«hby-de-l&- 

Zoach. 

WsnriekBlure. 

Feet 
2,030 

Fe«t. 
2,600 

Feet 
2,600 

Feet 
2,500 

Feet 
2,960 

Or  taking  a  south-eastern  direction  from  North  Wales  to  the  Midland  Counties — 


Flmtshire  and 
Dcnbi^ishire. 

K.Slaflbrd. 

S.  Stafibid. 

Wtrwiekslure. 

Feet. 
3,000 

Feet 
5,000 

Feet. 
1,810 

Feet 
2,950 

We  iail  to  see  in  this  any  sufficient  evidence  of  a  thinning  out  southward,  or  of  more  thwi  local 
variation,  nor  if  such  decrease  existed  should  we  attach  much  weight  to  it  in  reference  to  the  existence 
of  coal  so  far  sonth  of  Chamwood  Forest  as  the  Thames  Valley  District^  inasmuch  as  even  according 
to  Mr.  Hull  the  two  areas  were  independent,  for  he  remarks  that  "  the  midland  and  northern  coalfields 
**  were  separated  from  those  of  South  Wales,  Gloucester,  and  Somerset  hy  a  tract  of  land  of  old 
"  Silurian  or  Cambrian  rocks,  the  southern  limits  of  which  it  is  not  possible  to  define  with  accuracy ; 
**  but  it  is  probable  that  it  included  the  greater  part  of  the  district  north  of  the  Thames." 
'  With  respect  to  the  extent  of  this  old  Cambrian  tract,  ^e  argument  to  be  (tf  any  value  should  apply 
to  the  known  part  of  the  area  as  well  as  to  the  unknown.  Notwithstanding,  however,  this  intervening 
tract  of  older  rocks,  the  coal  measures  m  the  west  of  England  soon  set  in  again  to  lie  south  of  it ; 
and,  at  a  distance  of  only  50  miles  from  the  South  Staffordshire  coalfield,  we  have  the  rich  coalfield  of 
the  Forest  of  Dean,  and  at  66  miles  to  the  southward,  the  coalfield  of  Bristol  and  Kingswood,  with  its 
8,000  feet  of  coal  measures.  Admitting,  even  with  Mr.  Hull,  that  "we  might  therefore  be  jostified  in 
"  concluding  that,  had  the  form  of  the  old  sea-bed  admitted  of  it,  the  carboniferous  rocks  would  have 
"  ultimately  died  out  towards  the  escarpement  of  the  chalk  from  failure  of  sediment,"  we  should  have 
to  take  into  consideration,  as  the  Belgian  coal  measnres,  cut  off  near  Oilais,  are  there  in  full  force,  how 
far  they  may  have  extended  westward  before  they  thinned  off  against  the  old  barrier  land  suggested 
by  Mr.  Hull    The  two  areas  are  entirely  independent. 

In  support  of  his  argument,  Mr.  Hull  states  that  the  ''post  carboniferous  strata  also  become  thinner 
"  in  the  direction  of  ttie  Thames  Valley,"  and  exemplifies  this  by  the  thinning  out  of  the  oolitic  rocks 
already  referred  to,  and  by  the  following  thinning  out  of  New  Red  Sandstone  series. 


CLeshire  and 

Staffordshire, 

Wanrickahire, 

Lancashire,  N.W. 

Midland. 

8.E. 

Feet. 

Feet 

Feet. 

New  Bed  Sandstone  f  Keuper  series 

3.450 

1,200 

600 

or  IWaa     -      -  (.  Bunter    „          -  - 

2,150 

800 

absent. 

Total    -      -      -  . 

5,600 

2,000 

600 

'*Here  it  will  be  observed  that  the  attenuation  of  the  Trias  is  so  rapid  as  to  lead  us  to  infer  that  in 
"  its  prolongation  southward  and  eastward  from  Warwickshire  it  scarcely  extends  below  the  chalk  of 
*•  Cambridge  or  Bedfordshire." 

This  thinning  southward  of'  the  secondary  strata  seems  to  be  a  well-established  fact,  but  we  have 
to  observe,  that  it  would  equally  be  the  case  whether  caused  by  the  slioallng  of  the  old  seas  against  an 
old  Cambrian  and  Silurian  land,  or  by  the  same  shoaling  caused  by  an  old  land  of  Devonian  and 
Carboniferous  rocks.  It  is  to  this  latter  condition  that  we  are  disposed  to  attribute  the  effects  so  well 
noted  by  Mr.  Hull. 

Tliese  Cambrian  rocks,  including  those  of  Chamwood  Forest,  have  a  strike  nearly  S.W.  and  N.E,, 
and  belong  to  the  older  rock  area  of  Wales,  and  not  to  the  later  one  of  the  Ardennes,  They  were  raised 
before  the  deposition  of  the  Devonian  rocks  and  Mountain  Limestone,  which  latter  repose  on  them 
unconformably.  On  the  other  band,  the  axis  of  the  Ardennes  and  Mendips  is  subsequent  to  the  co^ 
measures,  and  the  former  area  was  dry  land  long  before  the  latter  emerged  from  beneath  the 
carboniferous  seas. 
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ON  THE  PROBABILrrT  OF  FINDING  COAL  IN  THB  SOUTEt  OF  ENGLAND, 


VMifoii'D*        From  all  we  know  of  the  secondary  rocks  south  of  Charnwood,  we  have  reason  to  beliere  that  that 
range  of  the  older  palaeozoic  rocks  extends  but  very  little  if  at  all  south  of  that  district,  or  at  least  not 

at  a  depth  to  interfere  with  the  presence  of  the  coal  measures,  and  of  a  great  accumulation  of  secondary 
strata.  They  neither  appear  on  the  surface,  nor  have  any  underground  works  shown  their  presence 
anywhere  south  of  Leicestershire.  The  red  sandstones  found  under  London,  and  the  slaty  rocks  under 
Harwich,  both  belong  to  the  rocks  of  the  Mendips  and  the  Ardennes,  and  do  not  form  part  of  the 
Chamwood  Forest  series ;  the  two  series  belong  to  two  different  and  independent  systems  of  disturbance 
and  elevation.  It  is  true  that  the  Cambrian  rocks  may  exist  in  the  south  of  England  as  the  fundamental 
reck  upon  which  the  upper  paUeozoic  strata  axe  deposited,  but  then  they  are  at  such  a  depth  as  to  have 
allowed  of  the  full  development  of  the  Devonian  and  Carboniferous  series,  just  as  the  same  old  Silurian 
and  Cambrian  rocks  passing  under  the  coal  basin  of  South  Wales  in  no  way  interfered  with  the 
deposition  of  the  great  carboniferous  deposits  immediately  south  of  the  old  Cambrian  and  Silurian  land 
of  Central  Wales.  So  also  we  find  that  the  presence  of  Silurian  rocks  under  the  tertiary  strata  of 
Brussels  and  Ostend  has  not  interfered  with  the  newer  rocks  of  the  Ardennes,  where  we  have  the 
Devonian  and  Carboniferous  rocks  so  largely  developed.  The  Charnwood  Forest  range  was  in  fact 
merely  part  of  a  ridge  of  Cambrian  rocks  standing  in  the  midst  of  the  carboniferous  smes,  just  as  the 
Carboniferous  series  of  the  Mendips  stood  in  the  midst  of  the  secondary  formations  of  Somersetshue. 
They  are  the  higher  summits  of  old  land  of  different  ages. 

With  regard  to  the  facts  so  strongly  insisted  upon  by  Sir  R.  1.  Murchison,  that  the  coal  measures 
are  cut  off  on  the  east  at  Calais,  and  in  the  west  at  Bath  and  Frome,  we  fully  admit  the  facts,  although 
we  cannot  give  them  the  same  interpretation,  and  consequently  cannot  draw  from  them  the  same 
conclusions  as  does  Sir  Roderick.*  If  each  coal  basin  hful  been  originally  independents  and  if  the 
mountain  limestone  had  been  raised  before  the  coal  measures,  then  the  conclusion  of  Sir  Roderick, 
tJiat  no  productive  coal  basins  exist  between  Calais  and  Somersetshire,  would  have  much  force  ;  but 
supposing  the  Bristol  coalfield  were  not  known,  the  same  argument  might  have  been  ur^d  against  its 
eiustence  in  consequence  of  the  coal  measures  in  South  Wales  lising  to  the  east,  and  bemg  succeeded 
by  a  barrier  of  Mountain  Limestone.  So  also  might  it  hare  been  argued  that,  as  the  coal  measures  of 
Li^ge  thin  out  to  a  point  at  Nameche,  just  as  they  do  between  Bethune  and  Calais,there  could  be  no 
coal  found  at  Namur  and  Mens ;  but  in  the  one  case  we  after  traversing  30  milesf  of  Carboniferous 
Limestone  and  Old  Red  Sandstone  we  reach  the  productive  coalfield  of  Somerset^  and  in  the  other  after 
less  than  a  mile  of  Mountain  Limestone  we  find  the  coal  measures  setting  in  again  near  Namur,  and 
developing  into  the  great  coalfield  of  Cbarleroi  and  Mods.  It  is  evident,  therefore,  that  such  barriers  of 
Mountun  Limestone,  or  of  Devonian  strata,  cannot  in  the  instance  before  us  be  cimsidered  as  in  any 
way  conclusive  gainst  the  occurrence  of  other  coalfields  at  short  distances  either  on  the  west  or  east  of 
such  barriers.  They  are  evidently  only  local,  and  the  division  of  the  coal  measures  into  separate  basins 
appears  to  be  their  normal  condition  along  this  great  line  of  disturbance.  The  transverse  ridges  separat- 
ing the  different  basins  are  subordinate  to  the  great  east  and  west  axis,  and  so  far  as  experience  teaches 
us,  they  are  never  wide  nor  long  maintained.  The  length  of  those  portions  of  the  axis  included  between 
West  Pembrokeshire  and  Frome,  and  between  Calais  and  Dortmund,  is  i72  milc«,  and  in  this  distance 
ve  find  eight  separate  and  distinct  coalfields.  The  combined  length  of  these  eight  coalfields  is  about 
300  miles,  leaving  only  about  122  miles  occupied  by  intervening  tracts  of  older  rocks;  so  that  nearly 
three  quarters  of  the  whole  length  is  occupied  by  coal  strata.  We  consider  that  a  structure  which  is 
constant  so  far  as  the  axis  of  disturbance  can  be  traced  above^ound  is  in  all  probability  continued  un- 
derground hi  connexion  with  the  range  of  the  same  line  of  disturbance,  and  we  see  no  reason  why  the 
coal  strata  should  not  occupy  as  great  a  proportionate  length  and  breadth  in  the  underground  and 
unknown,  as  in  the  aboveground  and  explored  area. 

It  is  necessary  to  say  a  few  more  words  respecting  the  age  of  the  great  axis  of  disturbance,  to  prove 
not  only  the  relation  of  the  chun  of  the  Mendips  and  Ardennes  by  their  strike  and  their  rocks,  but  to 
show  also  that,  as  they  are  both  due  to  one  and  the  same  movement,  the  intermediate  area,  although 
hidden  beneath  newer  strata,  should  be  affected  in  the  same  way  as  the  emerged  portions.  It  has  been 
long  well  established  that  the  carboniferous  series  of  south-western  England  underwent  disturbance, 
ana  were  tilted  up  at  various  angles,  previous  to  the  deposition  of  the  Permian  strata,  as  beds  of  that 
age  repose  horizontally  upon  jhe  upturned  edges  of  the  older  rocks.  So  also  the  elevation  of  Ardennes 
has  long  been  referred  to  the  same  period  by  continental  geolonsts,  and  M.  Dewalque,  writing  to  us  on 
this  subject,  say%  "  Le  redressement  de  notre  terrain  nouiller  est  ^videmment  ant^rieur  au  d6pdt 
"  des  gr^  higarres  qui  viennent  reposer  sur  le  fianc  meridional  de  I'Ardenne.  On  admet  gdndrale- 
^'  ment  que  ce  phdnom^ne  s'est  passd  a  la  fin  de  la  p^riode  houillbre  ;  mais  le  seul  argument  gue  je 
"  puisse  en  donner,  c'est  I'absence  de  ddpot  Permien  dans  notre  pays."  In  Westphalia  again  the 
Permian  strata  overlie  horizontally  the  disturbed  coal  mewures. 

This  gives  the  precise  age  of  the  axis.  The  movement  was  one  of  too  powerful  a  nature  for  the 
line  of  fracture  and  of  elevation  to  have  suflered  interruption.  Along  a  zone  many  miles  in  widtii, 
it  doubled  up  the  rocks  into  a  series  of  anticlinal  and  synclinal  lines,  whereby  in  many  instances 
the  originally  horizontal  strata  were  compressed  into  half  the  width  they  originally  occupied,  being 
tilted  vertically  to  the  extent  of  many  thousand  feet  Great  parallel  fractures  and  faults  also  ac- 
companied the  movement.  The  effect  is  equally  af)parent  in  Pembrokeshire  as  in  Belgium.  The 
following  sections  will  serve  to  show  the  common  character  of  the  disturbance  in  the  several  districts : — 

EXPLAKXTION  OF  LBrTBBB. 

h  Cretaceoos  md  Tertiary  itnta.  n  Moootun  limeBtone. 

M  CoAl-ineaguicc.  o  OM  Bed  Sandrtom  or  DevoniBit  stnta. 

n'  MOlstone  Grit. 


*  The  bMitiriiiv«<tf  ^BadiimdBrirtolooidflelduc(mplete,ezo^atTireT^  pit  lately  sunk,  then 

M  Mme  appearance  of  the  coal  meararea  amnning  an  aroh  ah^te,  ae  thoogh  they  tended  to  roll  over  and  oootiaae  eattirarda, 
t  AportionofduiereniKidudlpraeiitlyabowtobeoooDpMtqremui^^ 
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Fig.  7. — Dithtrbed  coal  drata  on  the  Jlanks  of^  axU  under  the  chalk  at  Valmeiennes  (Barat). 


fhlllt«d  gtXHIDd. 
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BapoitD.  Fig.  Ifk—DUtmM  coat  strata  m  ^j/kmk$  of  the  aem  m  Wtt^Mia  (Bnrat). 


N.  S. 


b.  CretBGeous  strata.  ».  Moontida  llmflstone.  e.  DeroniHi  itnta. 


Ab  tiie  effects  of  the  disturhance  are  in  full  force  at  Frome,  where  the  older  strata  afiocted  br 
it  pass  under  ihe  secondary  formations,  and  as  the  effects  of  the  same  disturhance  have  been  traced 
under  the  chalk  in  the  north  of  France,  as  far  as  the  older  strata  have  been  followed  in  the  direction  of 
Calais,  there  can  hardly  be  any  doubt  of  the  persistence  of  that  band  of  disturbed  strata  under  the 
same  and  other  newer  formations  in  the  intermediate  district  of  the  south  of  England;  and  the  recog- 
nition in  part  of  that  area  (the  Kentish  Town  well)  of  a  series  of  sandstones  which  cannot  be 
distinguished  from  the  Old  Red  Sandstone  of  the  neighbourhood  of  Frome  is  a  proof  of  such 
continuity.  We  know  also  that  the  great  original  coal-trough  has  been  broken  up  into  separate 
basins,  and  we  are  not  aware  of  any  reason  why  any  of  those  which  may  exist  in  the  unexplored  area 
should  have  been  more  denuded  than  those  in  the  proved  area.  In  each  of  the  great  known  basins 
the  Coal  Measures  exhibit  approximate  dimensions  of  thickness. 

As  before  mentioned,  Professor  Hull  has  suggested  that  the  transverse  ridges  which  possibly  break  the 

great  longitudinal  trough  into  separate  coal  basins  are  due  to  the  north  and  south  lines  of  disturbance  that 
ave  elevated  the  Penine  chain  and  other  parallel  ranges  in  England.  The  date  of  these  north  and  south 
axes  is  somewhat  later  than  that  of  the  east  and  west  axis,  they  having  been  formed  subsequentiy  to 
the  deposition  of  the  Permian  strata,  and  before  that  of  the  New  Ked  Sandstone  (Trias).  To  these 
may  possibly  be  due  the  principal  transverse  ridges  in  Somersetshire,  although  even  there  we  think 
some  are  local  and  subordinate  to  the  formation  of  the  great  east  and  west  axis,  and  we  doubt  whether  the 
axis  of  the  Penine  chain  or  of  other  parallel  lines  materially  affected  the  southern  area.  Our  reasons  for 
this  conclusion  are,  that  we  cannot  connect  the  transverse  mountain  limestone  ridge  at  Nameche,  nor  the 
underground  one  near  Calais,  with  any  known  chfun  of  hills  on  the  same  lines ;  while  in  Somersetshire 
small  transverse  ridges  are  too  numerous  and  too  irregular  in  direction  to  be  referred  to  one  system. 
It  is  further  to  be  remarked,  that  the  force  of  the  great  movement  of  elevation  of  the  Penine  chain 
seems  to  have  died  out  southward.  Notwithstanding  its  full  development  in  Yorkshire  and  Derbyshire, 
it  is  hardly  discernible  in  Warwickshire,  where  the  coalfield  of  that  county  lies  almost  on  its  direct 
course.  Traces  of  such  a  line  of  disturbance  can,  however,  be  detected  amongst  Hie  older  rocks  of 
Normandy,  but  nowhere  else  in  the  north  of  France.  Admitting,  nevertheless,  tiie  possibility  of  the 
prolongation  of  the  line  of  the  Penine  chain,  it  would  traverse  the  great  coal  trough  probably  at  some 
point  underground  between  Devizes  and  A  bingdon,  so  that  we  might,  on  its  western  fiank,  look  for  a 
coal  basin  between  Marlborough  and  Devizes  on  the  one  side,  and  Bath  and  Frome,  on  the  other,  and 
on  its  eastern  flank  the  coal  trough  might  be  expected  to  resume  beyond  Abingdon  and  Reading.  To 
what  extent  it  ma^  be  broken  up  into  separate  basins  between  Oxfordshire  and  Calais  depends^  we 
consider,  on  local  disturbances  of  small  value,  and  of  which  we  have  no  evidence  to  indicate  the  position. 

The  direction  of  the  great  underground  coal  trough  is,  we  think,  likely  to  be  on  a  line  passing 
through  North  Wilts,  Oxfordshire  thence  across  Hertfordshire,  South  Essex,  the  north-east  extremity 
of  Kent,  onwards  towards  Calais,  near  to  which  place  it  is  thrown  out  by  the  rise  of  the  underlying 
rocks,  but  resumes  again  at  Th^rouanne  (see  sections,  pi.  ).  Or  in  case  of  the  anticlinial  aus 
taking  a  more  southern  course  we  should  look  for  the  coal  basin  or  basins  along  a  line  passuig  from 
Radstock,  through  the  vale  of  Pewsey,  and  thence  along  the  North  Downs  to  Folkstoue  and  near  to 
Calais.    Both  these  lines  A  and  B  are  laid  down  on  the  general  map. 

With  respect  to  the  width  of  the  underground  coal  band,  we  must  be  guided  by  its  known  width  in 
Belgium  and  the  west  of  England.  It  there  varies  iroiii  three  to  twenre  miles,  except  in  the  case 
of  the  Bristol  coalfield,  where  it  is  more.  In  Belgium  it  is  bounded  on  the  north  by  Mountain 
Limestone,  generally  concealed  under  tertiary  formations.  The  limestone  is  succeeded  by  older 
rodts,  and  at  Brussels,  distant  SS  miles  from  the  Hainaut  coal  basin,  Silurian  strata  were  found  under 
the  Tertiary  strata.  We  have  just  stated  our  opinion  that  from  the  north  of  France  the  coal  band 
trends  in  the  direction  of  the  extreme  north-east  of  Kent  to  South  Essex.  It  is  at  a  distance  of  about 
30  miles  north  of  this  line  that  the  boring  at  Harwich  proved  the  existence  under  the  chalk,  at  a  depth 
of  1026  feet,  of  a  dark  slaty  rock  inclined  at  an  angle  of  95°  to  30°,  and  containing  Posidonomya,  This  is 
a  fossil  found  in  the  Carboniferous  Limestone  of  Devonshire  and  of  Belgium,  but  it  is  also  found 
higher  up  in  Belgium  in  a  compact  slaty  rock  closely  resembling  that  of  Harwich.  This  rock  is  dark, 
massive,  and  slaty,  and  in  the  Mons  district  attains  a  thickness  of  about  200  feet^  reposing  on  the 
Carboniferous  Limestone,  and  immediately  underlying  the  Coal  Measures.  We  are  disposed  to  think 
that  tills  rock  at  Harwich  lies  on  the  north  side  of  the  coal  trough.  In  that  case  tiie  Mountain 
Umestonc  would  rise  beyond  it»  and  pass  under  Suffolk.  If  this  view  be  correct,  it  would  point  to  a 
considerable  expansion  of  the  Belgian  coal  belt  in  the  south-east  of  England.  Independently  of  this 
one  possible  datum  Ime,  we  have  no  reason  to  expect  the  underground  coal  band  to  exceed  the  width  it 
attains  in  Belgium  and  the  south-weet  of  England. 
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Narrow,  comparatiTely,  as  this  belt  may  be,  the  great  thickness  of  the  coal  measures,  and  the  number  BeportD 
of  coal  seams,  render  it  one  of  the  greatest  importimce.    As  a  belt  of  coalfields,  none  in  Europe  equal 
those  commencing  in  South  Wales  and  ending  in  Westphalia.    Speaking  of  the  latter,  Mr.  Burat  says, 
'*Xa  Westphalie  contient  un  seul  basin  le  plus  vaste  et  le  plus  riche  du  continent  Europten."   For  the 
naanns  we  have  now  assigned^  we  ourselves  have  no  doubt,  not  only  of  the  possibility  but  of  the  high 

frobability  of  the  existence  of  similar  basins  under  the  Secondary  and  Tertiary  formations  of  the  south  of 
li^land.  Their  exact  course  we  cannot  pretend  to  define.  We  have  suggested  their  general  direction, 
and  have  given  (secL  1.  pi.  I.)  a  general  theoretical  longitudinal  section,  showing  the  probable  relations 
of  the  pakeozoic  and  secondary  strata  along  the  underground  line  of  axis,  in  connection  with  the  known 
data  at  either  end,  and  showing  by  dotted  lines  the  original  continuation  of  the  strata.  We  have  also 
given  transverse  sections  showing  the  position  of  tite  coal  basins  m  relation  to  the  central  axis  at  sev^al 
points  on  the  Ime  (sect  A,  B>  C,  D,  E,  F). 

§  6.  On  other  probable  axUJklds  south  of  the  axis  of  the  Mendips. 

We  have  before  mentioned,  that  the  coal  strata  of  the  Bristol  coalfield  are  cut  off  along  the  Nettle- 
bridge  Valley  by  the  range  of  the  Mendips.  It  has  long  been  a  question  whether  they  would  not  be 
found  again  on  the  southern  side  of  that  range.  Dr.  Buckland  and  Sir  Henry  de  la  Beche  both 
speculated  upon  the  probability  of  such  being  the  case,  and  we  have  already  mentioned  the  opinions 
of  several  experienced  ^^logists  in  favour  of  the  same  views.  If  there,  however,  it  is  evident  that  they 
are  overlaid  by  an  infinitely  thicker  mass  of  secondary  strata. 

As  Uie  Mendips  were  raised  after  the  deposition  of  the  Coal  Measures,  it  can  hardly  be  otherwise, 
as  those  measures  are  in  full  force  on  the  northern  flwik  of  those  hills,  but  that  they  follow  on  the  south 
side  also  conformably  to  the  beds  of  mountain  limestone.  Several  attempts  have  been  made  to  win  the 
coal  in  that  district,  but  without  success.  One  recently  made  has  only  been  lately  abandoned.  It  was 
four  miles  south  of  From^  and  the  following  was  the  succession  of  strata  there  found. 

Section  of  Mr.  Oxiey's  pit  and  boring  at  Witham  Hole  near  From^  1867  and  1868 : — 


Surface  clay  - 
BhieoUy 

Ditto  with  "  ffiyphcn  "  - 

Blue  marls  ------ 

Blue  rock  - 

Tlun  layera  of  sandstone  and  limestone  with  "  trigonia 
Light  grey  marls  - 

Brown  and  blue  sandstone  and  limectone  rook 
Sandstone  (dirbjr  Gfeun  ookrar)    .        .        -  - 
light  green  mans 

Dwkgr^  marls  ------ 

WhitiSi  marls   30  0         281  0 

limeitone  with  irtute  spots  of  oub.  lime  -        -    6  0        287  0_ 

Mail  slate?   3  0  90  Oi 

Hard  limestone  giaimlv  and  ooHtio      -        -        -  3  0  293  0 

Madalate?   3  0  296  0  , 

Sande  a^  eandstmee  aUamating  in  beds  18  inches  thick  20  0  316  0 J 


Thiokness, 

Depth. 

ft.'  in. 

ft.  in.^ 

10  0 

70  0 

80  0 

20  0 

100  0 

60  0 

150  0 

1  2 

161  2 

48  10 

200  0 

20  0 

S20  0 

1£  0 

335  0 

■Ozfbid  Clay.* 


Qlcombrash? 


The  boring  was  contiDued  to  a  total  depth  600  feet;  detmls  not  known;  but  no  sign  of  coal 
measures. 

llie  Nevo  Red  Sandstone  series,  measured  by  tens  of  feet  nortli  of  the  MendipSj  is  measured  by  hun- 
dreds on  the  south.  It  is  estimated  to  attain  a  thickness  of  from  500  to  800  feet.  The  MarUtone  and 
Lias  seem  to  attfun  a  thickness  of  from  400  to  500  feet  or  more,  while  the  Oxford  clay  exceeds  350  feet. 
These  of  course  are  liable  to  variation,  but,  taking  them  together  with  the  several  Oolites,  we  cannot 
expect  to  meet  with  the  coal  measures  south  of  the  Mendips  at  a  depth  less  than  from  1,600  to  ^000 
ie^U   A  theoretical  section  across  the  range  of  the  Mendips  is  given  m  plate  1,  sect  B. 

This  presumed  coal  basin  probably  ranges  on  the  south  of  Wells  under  the  flat  lands  along  the  River 
Brue  to  the  Bristol  Channel.  Professor  Ramsay  has  shown  t  that  from  the  dip  of  the  Carboniferous 
Idmestone  at  the  fiendrick  Rock  on  the  coast  of  South  Wales  he  would  infer  the  setting  in  again  of  the 
coal  measures  of  South  Wales  under  the  Bristol  Channel  This  would  place  them  in  the  Une  of 
extension  of  the  basin  south  of  the  Mendips.  Whether  they  are  continuous  throughout  that  line  we 
cannot  say.  Nor  can  we  say  to  what  extent  this  coalfield  would  prove  productive.  Adjoining  the 
flanks  of  the  Mendips,  it  is  more  Uian  probable  that  the  productive  coal  stra^ta  of  the  Brstol  coi^eld 
Tould  be  met  vrith  again,  as  possibly  might  the  coal  strata  anaiagous  to  those  of  South  Wales  further 
Test ;  but  we  agree  with  Sir  Roderick  Murchison  that  the  Culm  Measures  of  Devonshire  point  to  a  rapid 
deterioration  of  the  coal  measures  in  that  direction,  so  that  possibly  the  productive  measures^  if  met 
with  south  of  the  Mendips,  would  not  be  found  to  extend  many  miles  in  a  southernly  and  south- 
westerly direction.  Nor  can  we  say  how  far  the  coal  strata  would  be  likely  to  raoge  eastward  from 
Wells  and  Brulon.  It  is  possible  even  that  the  great  thickness  of  the  secondary  strata  south  of  the 
Mendips  may  arise  from  a  greater  denudation  of  the  palieozoic  rocks  on  the  south  than  on  the  north 
of  the  Mendips,  in  which  case  a  larger  portion  of  the  coal  measures  may  have  been  there  removed. 

We  have  ^ready  spoken  of  the  poor  coalfield  of  Hardin^en,  and  its  possible  extension  under  the 
Wealden  area.   We  attach  no  importance  to  it 

Returning  agun  to  the  north  of  the  Mendips,  we  would  say  a  few  words  respecting  the  district 
between  the  South  Wales  and  Bristol  coalfields.  This  80  miles  of  ground  is  occupied  by  Old  Red 
Sandstone  flanked  by  Mountain  Limestone,  and  in  places  by  overlying  Secondary  strata.    There  is 

*  It  ii  a  qoestim  with  some,  whether  it  is  not  the  Lias.  t  Op-  o!t.,  sect,  I,  pi  5. 
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ON  THE  l>aOUABlLlTY  OP  FINDING  COAL  IN  THE  SOUTH  OF  ENGLAND. 


BqwrtP-     also  a  tract  five  and  a  half  miles  broad  at  the  moudi  of  the  Serem  oootq>i«l  by  New  Red  Sandstone, 
which  we  have  reason  to  believe  covers  a  small  unexplored  coal  basin. 

ilie  probaUe  existence  of  coal  measures  under  the  Severn  on  the  western  side  bf  the  Bristol  coalfield 
was  noticed  by  Bnckland  and  Couybeare  in  18£4.  This  has  since  been  confirmed  by  Uie  railway 
cuttinff  at  Almondsbury.  After  passing  out  of  a  low  tmet  of  Lias,  covering  a  portion  of  the  Bristol 
coalfield,  this  cutting  passes  through  a  narrow  anticlinal  ridge  of  Millstone  Chit  and  Carboniferous 
Limestone,  and  on  its  western  or  Severn  flank  a  short  section  of  the  Coal  Measures  is  seen,  witii  the 
strata  in  a  partly  reversed  position,  and  passinff  westward  under  the  Red  Marls.  We  have  counted 
as  many  as  five  or  six  seams  of  coal,  one  of  which  measured  two  and  a  half  feet^  and  another  one  and  a 
half  feet.  It  is  siud  that  there  was  a  seam  there  which  measured  four  feet  in  thickness.  The  engineer 
of  the  rulway,  Mr.  Charles  Richardson,  C.E.,  who  called  the  attention  of  the  Bristol  Chamber 
Commerce  to  the  fact,  had  a  series  uf  borings  made  in  connexion  .with  a  projected  tunnel  beneatktbe 
Severn  near  the  New  Passage.  One  boring  on  a  shoal  in  the  Severn  reached  the  Coal  Measures  under 
a  depth  of  80  feet  of  Red  Maris,  and  another  in  the  opposite  shore  of  the  Serwn  at  a  depth  of 
95  feet.  The  Carboniferous  Limestone  appears  in  the  South  Wales  Railway  cutting  at  Portskewet. 
The  width  of  this  basin  is  five  and  a  half  miles.  Its  southern  termination  is  poseifaly  marked  by  the 
small  outcrop  of  coal  measure  rocks  at  the  point  of  Portishead  PilL  On  the  north,  the  basin  probably 
ends  along  a  ridge  of  Carboniferous  Limestone,  passing  from  Alveston  under  the  Severn  to  Chepstow. 
This  gives  it  a  length  of  about  eight  miles,  and  an  area  of  about  45  square  miles. 

In  this  Severn  Valley  basin  were  is  reason  to  believe  that  the  average  thickness  of  the  overtying 
Red  marl  does  not  exceed  100  to  200  feet,  but  we  are  i^orant  of  what  may  be  the  thickness  or  the 
coal  measures.  Although  the  width  is  not  great,  the  dip  at  Almondsbury,  nke  at  Vobster,  is  so  rapid 
that  the  coal  measures  may  be  carried  to  a  considerable  depth,  and  have  a  corresponding  thickness, 
so  that  this  small  ba£;in  may  eventually  prove  to  be  a  valuable  source  of  supply.  Assuming  a  Sickness 
of  12  feet  of  coal,  the  available  quantity  might  be  estimated  at  400,000,000  tons. 

Mr.  Richardson,  however,  gives  this  basin  a  greater  extension  than  we  are  disposed  to  do.  -  We 
annex  an  abstract  of  his  Report.t 

Here  is  another  instance  of  a  ridge  of  Mountain  Limestone  cutting  off  the  Coal  Measures  of'  the 
Bristol  coalfield  on  the  west,  and  yet  within  less  than  a  mile  we  find  the  same  measures  setting  in 
again  with  a  reverse  dip.  This  indicates  how  little  importance  need  be  attached  to  the  ridge  which 
bounds  the  same  Somerset  coalfield  in  the  east. 

^7,  On  the  Thickness  and  Ckaaracter  of  the  Secondary  and  TerHarjf  strata  otertying  the  Pakeozoic  rocks 

hetween  Bath  and  Calais. 

On  the  thickness  of  these  overlyinsf  strata  and  on  their  water-bearing  capacities,  depend  the 
possibility  of  working  coal  under  them,  should  it  eventually  be  found  to  exist  in  that  position. 

It  is  between  Chaneroi  and  Mens  thai  the  Coal  Measures  of  the  Hainaut  basin  dip  beneath  Tertiary 
and  Cretaceous  strata.  As  they  trend  westward  the  latter .  become  thicker,  until  at  places  in  the 
neighbourhood  of  Mons  coal  19  worked  beneath  a  thickness  of  from  600  to  900  feet  of  superincumbent 
newer  strata.  Continuing  in  the  direction  of  the  French  frontier,  they  decrease  to  a  thickness  of  from 
200  to  400  feet  And  at  Valenciennes  the  Cretaceous  strata  measure  250  to  SOO  feet  A  little  further 
west,  at  Aniche,  these  su^rincumbent  strata  have  increased  to  400  feet  They  increase  to  450  feet 
near  Lens,  and  sttU  more  in  the  direction  of  Bethune.  Near  O-uines,  the  chalk  was  found  to  be  670  feet 
thick  ;  and  at  Calais  the  thickness  of  that  formation  has  increased  to  762  feet,  while  the  tertiary  strata 
and  overlying  sands  and  gravel  together  are  241  feet  thick,  so  that,  including  the  beds  beneath  the 
chalk,  -wo  have  a  total  thickness  of  1,034  feet  down  to  the  palseozoic  rocks-f 

Now  we  know  that  the  palsozoic  strata  were  reached  at  Harwich  at  a  depth  of  1,026  feet,  and  at 
London  at  a  depth  of  1,113  feet,  so  that  it  is  probable  that  in  the  area  of  the  south-east  of  England 
included  between  these  places  the  depth  to  the  old  surface  of  paUeozoic  rocks  will  not  exceed  1,000 
to  1,200  feet  Between  London  and  Bath  the  Cretaceous  and  Oolite  series  will  probably  be  foudfi 
thicker,  though  there  can  be  hut  little  doubt,  from  the  measurements  we  have  beK)re  given,  that  th'fe 
Lias,  Trias,  and  Oolites  thin  out  as  they  approach  the  line  of  underground  old  rocks.  We  see  no  reason, 
therefore,  to  suppose  that  the  coal  measures  along  the  line  we  have  named  would  be  found  at  a  depth 
to  preclude  their  being  profitably  worked,  although  as  we  recede  from  the  axis  north  or  south  we  may 
find  the  depth  to  increase. 


*  AiiSTKACT  of  a  Ret'ort  to  the  Bristol  Chnmber  of  Commerce,  on  the  question  of  a  probable  extension  of  the  Gloncestenhipe 
Coalfield  to  the  West  of  Almondabury,  &c.,  and  beneath  the  Manlws  and  Severn  River.        Chaklbs  Riguabdsoit,  Esq.,  C.K. 

About  the  nuddle  of  the  railway  cutting  vest  of  tunnel  at  Patchvay,  the  carboniferouB  limestone  dips  E.S.E.  Foitha  vest 
ID  the  cutting  the  limeBtooe  becomes  contorted  for  15  chains,  and  soddoily  come  on  fireel^  an4  coal  lying  onconformBUy  to  the 
carboniferous  limestone.  Hie  dip  of  the  ccnl  beds  is  vertical  at  the  sorfoce,  but  becomes  W.N.W.  below.  At  the  surfece,  theheda 
are  tamed  completely  over. 

The  nev  red  sandBtone  naderliea  the  salt  mareh  about  88  feet  from  hence  to  the  Severn,  and  forms  &e  half-tide  shoals  called 

"  English  stones  "  on  the  east  side,  and  "  Lady  Bench  "  on  the  vest  aide  of  the  lov-vater  channel.  The  new  red  sandstone  is 
here  remarkably  level  and  firm. 

Borings  have  been  made  near  the  Severn.  One  at  Kew  Passage  shore  was  70  f^t  below  the  marsh  level,  and  did  not  penetrate 
to  the  bottom  of  the  new  red.  That  on  the  English  stones  went  through  the  new  red  at  80  feet  from  marsh  level,  and  came  into 
the  Uack  strata.  The  third  on  Portskewet  shore  went  95  feet  throngh  new  red,  and  came  into  flreell^r  like  that  in  Ae  cotdiig 
at  Almondsbury ;  in  this  the  boring  went  down  to  120  feet  from  snrfooe,  and  was  abaixkmed. 

The  carboniferous  limestone  appears  in  the  railway  cutting  at  Portskewet,  dipping  east 

In  the  railway  cntting  at  Almondsbury,  and  at  Cattybrook,  coal  seams  have  been  ftnind,  one  bed  beiii^  four  £eet  thusk,  and 
burning  freely  with  a  white  ash.   Tliis  seam  appears  to  have  been  worked  alr^y  (about  1756,  from  old  coma  of  the  ^ndngkaii 

Mining  Company  found  there).   The  seams  lie  almost  vertioally. 

Ttie  outcrop  of  these  soama  may  be  traced  north  and  south  for  about  a  mile  through  Enole  Park. 

This  coal  basin  extends  probably  from  the  Denny  Island  to  the  Old  Passage,  where  there  is  aj^arently  a  neck,  the  moontaiv 
limestone  dosing  iu  on  both  sides ;  and  from  thence  again  probably  to  Berkeley,  where  the  old  red  sandstone  comes  ap. 

This  would  give  an  area  of  about  100  square  miles  for  tUa  coalfield,  a  large  portion  of  which  is  under  the  Bev«n. 

t  The  variation  in  the  level  of  the  aorftce  between  liige  and  tha  ThameB  Valley  <Uitrict  is  bat  tpflii^  imij  mem  thao  300  to 
400  fbet,  usually  not  more  than  100  to  SCO  feet. 
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There  is,  however,  another  question,  attended  with-more  uncertainty.  North  and  south  of  the  London  BwottR 
basin,  the  Lower  Greensands  have  a  thickness  of  from  300  to  500  feet  They  consist  in  great  part  of  loose 
permeable  sands,  of  a  character  to  present  almost  insurmountable  difficulties  in  sinking  coal  ^h&fbsj'oa 
account  of  the  presence  of  water.  Hiis  deposit  passes  everywhere  under  the  Chalk  in  the  direction  of 
the  Thames  Valley.  We  know,  however,  that  it  thins  out  against  the  old  underground  ridge  of  rocks 
somewhere  between  Rei^ate  and  London  on.  one  sid^  and  Leighton  and  London  on  the  other.  The 

?uestion  is  bow  far  does  it  extend.  This  can  only  be  determined  by  experiment  (see  section  C,  p)l.  1). 
n  the  absence  of  the  Lower  Greensands  the  Chalk  and  Oault  rest  directly  upon  the  Palaeozoic  rocks. 
This  is  the  case  both  at  Harwich,  on  the  north  side  of  the  trough,  and  at  Kentish  Town  on  the  south 
side.  In  parts  of  Wilts  and  Ox'fordshire,  the  Lower  Greensands  become  very  thin,  and  in  some  places 
are  wanting  altogether.  This  thinning  is  very  apparent  at  Devizes  and  Farringdon,  between  which 
towns  the  band  of  old  rocks  probably  passes.  > 

The  existence  of  such  an  underground  ridge  rec.eives  further  support  from  the  fact  that  pebbles, 
Bomettmes  of  a  consideritble  size,  of  old  rocks,  are  .  found  in  the  Lower  Greensands.  At  Maldstraie, 
we  find  quartz  and  occasionally  ^anite  pebbles tieAr  Guildford,  Lydian  stone,  and  qaaata  mibblofi, 
and  secondary  fossils ;  near  Devizes,  quartz  pebbles  are  numerous ;  while  at  Farringdon  old  rock 
pebbles  of  white  quartz^  Lydian  stone,  and  slate  (ionstitute  a  complete  shingle,  and  indicate  the  near 
proximity  of  land.*  On  the  other  hand,  at  Potton  in  Bedfordshire,  and  for  many  miles  westward,  the 
Lower  Greensands  contain  subordinate  shingle  bedsf  consisting  alaiost  entirely  of  extraneous  fOBeils 
and  pebbles  of  the  secondary  rocks.  This  tends  to  prove  that  these  Lower  G-reensands  have  in  some 
places  passed  transgressively  over  a  denuded  surface  of  oolites  on  to  the  older  palaeozoic  rocks,  tiiough 
they  may  have  been  ohen  subsequently  removed  in  part 

With  respect  to  the  other  rocKa  likely  to  be  met  with  in  nnking  for  coal,  we  do  not  anticipate  any 
insuperable  difficulties.  In  the  greater  part  of  the  area  they  would  consist  of  Tertiary  clays  and 
sands  and  of  Chalk  of  a  character  very  similar  to  the  strata  passed  through  successfully  in  Belgium 
and  France.  Not  but  that  they  there  often  present  very  considerable  difficulties,  owing  to  the  presepi^e 
of  water,  especially  in  the  thick  Tertiary  and  Cretaceous  sands  (8<^fles  landeniem  and  Aa(^eniens\  near 
Hons,  where  iron  cylinders  hare  to  be  employed. 

We  have  thus  shown  that  the  Mountain  Limestone  and  Coal  Measures  pass  in  Somersetshire  uncpn- 
formably  beneath  the  horizontal  strata  of  the  lower  Secondary  formations,  under  which  they  have  been 
traced  eastward  for  a  distance  of  three  or  four  miles,  and  that  the  same  old  rocks  in  Belgium  pass 
beneath  the  Tertiary  and  upper  Secondary  deposits,  under  which  they  have  been  traced  westward  in 
Belgium  for  a  distance  of  30  miles,  with  only  three  or  four  small  exposures.  In  France  the  Coal 
Measures  pass  altogether  under  the  chalk,  and  are  nowhere  esposed  on  the  surface ;  nevertheless  they 
have  been  there  extensively  and  profitably  worked,  and  followed  westward,  trending  in  the  direction  of 
the  Straits  of  Dover  for  a  distance  of  60  miles.  This  gives  the  total  underground  course  of  90  miles 
of  productive  coal  strata.  Between  Calais  and  Bath  is  a  distance  of  210  miles,  through  which  there  is 
no  doubt  that  the  palssozoic  strata  range  underground,  and  in  parts  of  which  we  have  every  reason  to 
believe  in  the  existence  of  productive  Coal  Measures ;  while  judging  from  the  proportional  extent  of 
coal  measure  strata  to  that  of  the  other  palceozoic  strata  in  the  known  area,  we  may  roughly  estimate 
the  superficies  of  the  probable  underground  coal  basins  at  some  150  miles  in  length  by  two  to  eight 
miles  in  breadth. 

A  few  trials  for  coal  would  not  be  very  costly,  and  could  hardly  fail  in  important  results,  as  in  case 
of  £uling  at  once  to  hit  the  Coal  Measures  we  might  possibly  find  the  Lower  Greensands,  and  thus 
solve  one  or  other  of  the  great  questions, — of  discovermg  the  productive  Coal  Strata  of  the  Somerset 
and  Belgian  band,  or  of  obtaining  the  pure  and  abundant  waters  of  the  Lower  Greensands,  both 
conslderadons  of  high  importance  for  this  great  metropolis. 

J.  Prestwich, 


*  A  fiust  coofinned  by  the  iwd!^  groiv  of  fiostil*  foiiiid  tliere.  t  Worked  u  bediof  eoproUta. 


EXPLANATION  OF  PLATE. 

Section  I. 

liongitudinal  section  from  Pembrokeshire  to  Westphalia,  passing  through  the  known  coalfields  of 
South  Wales,  Bristol,  French  Flanders,  Belgium,  and  the  Ruhr,  and  allowing  the  probable  position 
of  the  underground  coalfields  lying  beween  the  Bristol  and  French  coalfields.  The  latter  are  given 
in  dotted  lines. 

Section  A. 

Transverse  section,  partiy  theoreticaU  of  the  Pembrokeshire  coalfield  nortii  and  south  of  Tenby. 
(Based  on  the  section  of  the  Geological  Survey.) 

Section  B. 

Section  through  the  Bristol  coalfield  from  its  northern  extremity  to  a  point  south  of  the  Mendips 
where  the  probable  poution  of  the  Coal  measures  under  the  Secondary  strata  is  shown.  (From  the 
Report  on  the  Somenet  ooalfield.) 
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■wUrtB-  Sbction  C. 

Theoretical  section  across  the  Thames  Vallej  at  London,  Bhowing  the  rektion  which  the  Cool 
meaeures  nwy  probaUj  bear  to  the  euperincumbent  Secondary  and  Tertiary  strata. 

Section  D. 

Theoretical  section  from  Harwich  to  near  BouIogaOj  showing  the  {urobaUUty  of  the  undergroand 
Coal  measures,  tiie  relation  of  the  slate  rocks  at  Harwich  and  Carbonif^iu  strata  at  Cabus  to  the 
oth«  membrara  of  the  Palaozoic  series,  and  the  poution  of  the  Hardinghen  Coal  strata. 

Sbotion  £. 

Seotion  across  the  coalfield  of  Valenciennes,  showing  the  relati<m  of  the  Coal  measures  to  the  Chalk 
and  Tertiary  strata.  (From  Burat's  "  Houilldres  de  1867.") 

SsonoN  F. 

Section  across  the  coalfield  of  Lt^ge,  showing  as  in  the  other  sections  the  relative  dimensions  of  the 
Coal  measures,  and  the  disturbed  and  contorted  condition  of  the  strata  on  the  flanks  of  great  axis 
of  the  Mendipa  and  the  Axdoines.  (In  greater  part  from  Dumcmt's  **  Basin  de  Li^e.**) 

* 

Theae  transverse  sections  are  at  right  angles  to  the  longitudinal  section  which  they  traverae  at  the 
pmnts  A.  B.  0.  D.  E.  F. 

As  these  sections  are  not  the  result  of  an  exact  surrey  or  reduction,  the  measurements  are  only 
roughly  approximate. 

The  line  of  the  longitudinal  section  I.  is  laid  down  approximately  on  the  map  accomjpanying  Fxo- 
ftsBor  Bamsay's  report ;  see  also  the  map  which  accompanies  Mr.  &  [>dwin  Auaten'a  endenoe  Itefbre 
Conunittee  D.  There  is  a  slight  difference  between  the  two,  and  another  posufale  line  for  the  Coal 
tronf^  is  indioated  by  a  dotted  line  on  the  first  named  nup. 
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ON  THE  PROBABILITT  OF  FIMDINa  COAL  IN  SCOTLAND.  l67 

D4.~By  Professor  Geikie,  21st  August  1869. 

Repobt  on  the  FiiOBABiLirr  of  Goal  bong  found  under  the  Pkbxian  Sani>0tonm  of 

SCOTLAND. 
[Accompanied  with  a  Map.] 

The  Permian  rocks  of  Scotland  occur  only  in  a  few  detached  areas  in  the  southern  counties.  There 
is,  indeed,  a  common  belief  that  many  of  the  Bed  Sandstones  of  the  south-western  districts  belong  to 
the  Permian  formitaon.  Such  is  sometimes  supposed  to  be  the  portion,  for  example,  of  the  Bed 
&mdstones  of  Arran  and  the  north  of  Ayrshire.  These  strata,  however,  can  be  shown  to  underlie 
all  the  ordinary  coal-bearing  series,  and  to  belong  to  the  lowest  zone  of  the  Carboniferous  formation. 
The  only  areas  of  Permian  Sandstones  known  to  me  in  Scotland  are  those  enumerated  in  the  anb- 
joined  lutt : — 

I^mnian  Distrie^  in  Sa^nd, 

L  Ayrshire  District. 
II.  Ballantrae  „ 

III.  Loch  Byan  „ 

IV.  Thomhill  „ 
V.  Dumfries  „ 
VT.  Annandale 

VIL  Solway 

If  any  coal  exists  south  of  the  Grampians,  concealed  under  later  rocks,  it  must  lie  in  one  or  more 
of  iJiese  districto.  I  shall  describe  them  in  suceeRoon,  and  show  what  evidence  eadi  fumiahes  as  to 
the  poesible  occorrenoe  of  coal  beneath  it 

I, — Ayrshire  District* 

The  centre  of  the  Ayrshire  coalfield  is  covered  with  a  circular  patch  or  basin  of  Permian  rooka, 
occupying  an  area  of  about  28  square  miles.  The  centre  of  this  basin  consists  of  a  mass  of  nearly 
horizontal  brick-red  sandstones,  and  its  margin  of  a  ring  of  volcanic  rocks  which  underlie  the  sai^ 
stones.  The  total  thickness  of  these  rocks  is  probably  on  an  averi^  at  least  1,250  feet.  IJnder- 
neath  them  lies  another  group  of  Bed  Sandstones  containing  no  coal,  but  forming  the  highest  division 
of  ike  Carboniferous  formation,  and  varying  in  thickness  up  to  probably  1,000  or  1 ,200  feet  Hence 
the  coal-bearing  strata  of  Ayrshire  are  here  covered  by  a  mass  of  overlying  rocks,  whidi  in  the 
centre  of  the  Permian  basin  are  probably  more  than  2,000  feet  thick. 

For  the  reasons  ^ven  by  me  in  evidence  before  the  Coal  Commission,  there  is  reason  to  suspect 
that  though  the  coal  seams  of  the  Ayrshire  field  extend  under  the  Permian  basin,  they  would  not  be 
everywhere  found  in  a  workable  conation.  This  would  be  due  partly  to  a  thinning  away  of  the 
coals,  and  partly  to  the  destruction  caused  by  the  igneous  rocks. 

But  there  can  hardly  be  any  doubt  that  many  square  miles  of  ground  containing  workable  coal 
renuun  stUl  untouched  in  the  centre  of  Ayrshire; 

11,— BaUantrae, 

On  the  coast  of  Ayrshire^  to  the  north  of  Ballantrae,  a  patch  of  Permian  Sandstones  and  Breooiaa 
occnn.  It  lies  among  rocks  of  lower  Silurian  age,  and  therefore  affords  no  hope  that  coal  can  ever 
be  firand  below  it. 

IIL— £0cA  Ryan, 

To  the  north  of  Stranraer  the  west^  shore  of  Loch  Byan  is  occn[He(l  by  a  strip  of  Permian  rook^ 

which  are  underhud  by  sautlstones  and  shales  of  carboniferous  age.  The  latter  probably  belong  to 
one  of  the  lower  uivinons  of  carboniferous  formation,  and  thus,  in  all  likelihood,  conUun  no  workable 
coal. 

IV.— TAwTiAiff. 

The  valley  of  the  Nith,  from  Closebum  northwards  to  beyond  Drumlanrig,  contains  an  obl<mg 
bann  of  Permian  rocks,  which  cover  an  area  of  about  17  square  miles.  They  rest  sometimes  on 
^urian  and  sometimes  on  Carboniferous  strata.  The  latter  I  regard  as  belonging  to  the  lower 
portions  of  the  formation,  and  ns  holding  out  no  prospect  that  coal  will  ever  be  found  in  them. 

To  the  east  of  the  Thomhill  basin  one  or  two  small  patches  of  Permian  strata  lie  directly  un  the 
Silurian  Gray  waoke. 

V. — Dumfriet, 

This  area  extends  from  the  mouth  of  the  Biver  Nith  for  15  miles  up  Nithsdale,  until  it  almost 
reaches  the  basin  of  Thomhill.  The  Permian  Rocks  are  there  seen  to  come  directly  on  the  lower 
Silurian  Graywacke,  without  the  intervention  of  any  Carboniferous  strata.  If  any  of  the  latter 
underlie  the  Permian  beds,  they  must  occur  along  the  centre  of  the  basin,  and  would  probably  be 
found  to  be  a  prolongation  of  the  saddstones  and  shales  which  lie  at  Closeburn  on  the  one  side,  and 
at  Buthwell  on  the  other.  If  they  contained  any  coal  it  would  be  merely  some  of  the  thin  seams 
which  lie  on  the  lower  part  of  the  Carboniferous  Ijmestune  series. 

*  Note.— TUs  diatriet  U  mon  fblly  described  in  tbe  eridence  gira     ne  Mbra  Oh  Coal  CoomuMioiL 
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^  VI. — Annandah.  .  ... 

TIuB  area  is  exactly  a  counterpart  of  tliat  of  Dum&ies.  It  rUns  up  Annan  dale  from  Daltonhook 
to  the  D«tU's  Beef'tub^  »  distance'  of.  23  miles..  No  cwhomferov^  rwakf  are- visible. zoDodiaaiy  part 

of  its  mai^^,  except  at  the  south  end,  where  a  portion  of  the  Carboniferous  Limestone  series  of  the 
Solwaj  basin  appears.  I  do  not  think  that  there  is  any  chance  of  coal  being  found  under  the 
Permian  rocks  of  this  area. 

Under  this  title  I  include  the  area  of  Pernoian  Sandstones  which  extends  i^ong  fhe  northerii  shore 
of  the  Solway  Firth,  from  near  -Cummertrees,  eastwards  to  Canobie.  It  cotws  a  space  of  about  80 
square  miles.  Kound  the  whole  of  its  margin  the  Carboniferous  Limestone  series  appears,  except  at 
Canobie,  where  a  small  portion  of  the  true  coal-measores  crops  out. 

In  the  upper  part  of  the  Carboniferous  Limestone  series  some  coal  seams  occur.  These  were 
formerly  worked  in  different  parts  of  Liddiedale.  It  is  probable  that  they  underlie  the  greater  part 
if  not  the  whole  of  the  Permian  basin  of  the  Solway.  Ircm  observations  made  along  the  margin  of 
that  basin,  and  for  some  distance  to  the  north-of  it,  I  am 'led  to  infer  that  the  Carboniferous  Limestone 
series  undulates  below  the  Permian  beds  in  a  sexies  of  small  basins,  and  that  in  some  of  these  the 
coal  seams  would  be  found.  It  seems  doubtful  however,-  whether  any  of  these  seams  are  of 
sufficient  value  to  justify  a  deep  sinking  for  them. 

The  true  coal  measures  are  now  being  worked  at  Canobie  in  a  smidl  area  which  is  cut  off  to  the 
north-west  and  south-east  by  large  faults.  Eight  seams  of  coal  are  contained  in  tins  field,  and  have 
an  a^rgregate  thickness  of  42  feet.  A  lower  series,  formerly  worked  at  Byreburr,  near  Canobie, 
oonlained  three  seams,  or  in  all  12  feet  of  coal. 

.  Am  the  ocaI  measures  dip  below  the  P^mian  Sandstones,  there  can  be  little  doubt  that  tbey 
imderlie  at  kast  the  eastern  part  of  the  Solway  baun.  There  is  absolateiy  no  evidence  to  indicate 
how  far  west  they  come  underneath  the  Bed  ^ndstones.  All  that  can  certainly  be  affirmed  is,  that 
they  do  not  reach  to  the  western  margin  of  the  basin,  and  must  therefore  disappear  somewhere 
under  the  Be^  Sandstones. 

'  ,  The  question  now  arises,  at  what  depth  are  the  workable  coal  seams  likely  to  be  found  under  the 
Solway  puan  ?  At  Canobie,  where  alone  a  consecutive  section  is  seen,  the  coal  measures  are  found 
to  have;  an  upper  overlying  series  of  Bed  Sandstones,  contiuning  carboniferous  fossils,  and  lying 
between  the  coaf-bearing  measures  and  the  base  of  the  Permian  series.  This  upper  group  of  non- 
coal-bearing  carboniferous  strata  cannot  be  here  less,  and  is  probably  more,  than  600  feet  in 
thickness. 

The  Permian  Sandstones  and  Marls  have  recently  been  well  exposed  in  a  continuous  section  on  a 
railway  cutting  near  Annan.  At  that  locality  about  600  feet  of  Bed  Sandstones  and  Marls  are 
^sible,  but  as  neither  the  top  nor  the  bottom  of  the  series  has  been  liud  open,  its  total  thickness 
must  be  greater  than  600  feet. 

Such  coal  seams,  therefore,  as  pass  westward  from  Canobie,  under  the  Solway  basin,  must  be 
covered  by  at  least  1,200  feet  of  Bed  Sandstones  and  shales.  It  is  much  to  be  desired  that  a  series  o£ 
borings  should  be  mi^e  with  the  view  of  ascertaining  the  extent  and  depth  of  the  coal  seams  under 
this  bann.  If  these  borings  are  nnderti&en,  they  ought  to  be  carried  out  systematically  under  the 
advice  ot  some  competent  geologist 

Akch.  Qeikie, 

2l0t  August  1869. 


D5. 

Bbpokt  on  the  Pbobabilitt  of  Fuwrna  Coal  under  Formations  newer  than  the  Cabbokifbeous 
.  .  in  IRELAND,  by  Edwabd  Hui^t,  JSso* 

The  Tyrone  coalfield  is  the  onW  one  in  Ireland  partially  concealed  by  formations  newer  than  the 
Carboniferous,  viz.,  Triassic  and  iWtiary.  Under  these  formations  the  coal  has  been  proved  in  several 
places  near  the  margin  to  lie  hidden.  The  area  of  coal  measures  thus  concealed  is  piot»bly  about  one- 
half  the  entire  area  as  given  in  Tfible  A.  in  the  report  on  Irish  coalfields,  or  2,400  aorea ;  oontHsing 
a  quantity  of  unworked  coal  which  may  be  estimated  at  27,000,000  tons. 

A  smaU  portion  of  the  Antrim  coalfield  is  overlaid  by  sheets  (tf  basaltic  rook  probably  <^  Miocene 
age,  but  the  quantity  of  coal  thoa  concealed  is  inocninderable. 
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COMMISSION 


VICTORIA  R. 

VicTORU,  by  the  Grace  of  God  of  the  United  Kingdom  of  Great  Britain  and  Ireland 
Queen,  Defender  of  the  Faith :  To  Our  right  trusty  and  right  entirely  beloved  cousin 
and  councillor' Geoi^  Douglas  Duke  of  Argyll,  Kmght  of  Our  most  ancient  and  most 
noble  Order  of  the  Thistle,  Our  trusty  and  weU-beloved  Sir  Roderick  Impey  Murchison, 
Baronet,  Knight  Commander  of  Our  most  honourable  Order  of  the  Bath,  Sir  William 
George  Armstrong,  Knight  Companion  of  Our  most  honourable  Order  of  the  Bath,  Henry 
Hussey  Vivian,  Esquire,  George  Thomas  Clark,  Esquire,  Joseph  Dickinson,  Esquire, 
George  Elliot,  Esc[uire,  Thomas  Emerson  Forster,  Esquire,  John  Geddes,  Esquire, 
Robert  Hunt,  Esquu'e,  John  Beete  Jukes,  Esquire,  John  Hartley,  Esquire,  John  Percy, 
Esquire,  Doctor  of  Medicine,  Joseph  Prestwich,  Esquire,  Andrew  Crombie  Ramsay, 
Esquire,  and  John  Thomas  Woodhouse,  Esquire^  Greeting. 

Whereas  an  humble  address  has  been  presented  unto  Us  by  the  knights,  citizens, 
burgesses,  and  commissioners  of  shires  and  burghs  in  Parliament  assembled,  praying 
Uiat  We  will  be  graciously  pleaaed  to  issue  a  Royal  Commission  to  investigate  the 
probable  quantity  coal  contained  in  the  coal  fields  of  the  United  Kingdom,  and  to 
report  on  the  quantity  of  such  coal  which  may  be  reasonably  expected  to  be  available 
for  use ; 

Whether  it  is  [Nrobable  that  coal  exists  at  workable  depths  under  the  Permian,  New 
Red  Sandstone,  and  other  superincumbent  strata ; 

To  inquire  as  to  the  quantity  of  coal  at  present  consumed  in  the  various  branches 
of  manufacture,  for  steam  navigation,  and  for  domestic  purposes,  as  well  as  the  quantity 
exported,  and  how  far,  and  to  what  extent,  such  consumption  and  export  may  be 
expected  to  increase,  and  whether  there  is  reason  to  believe  that  coal  is  wasted,  either 
by  bad  working  or  by  carelessness,  or  neglect  of  proper  appliances  for  its  economical 
consumption : 

Now  Know  ye,  that  We,  reposing  great  trust  and  confidence  in  your  fidelity,  discre- 
tion, and  ability,  have  authorized  and  appointed,  and  do  by  these  presents  authorize  and 
appoint,  you  Uie  said  George  Douglas  l)uke  of  Argjll,  Sir  Roderick  Impey  Murchison, 
Su:  WiUiam  George  Armstrong,  Henry  Hussey  Vivian,  George  Thomas  Clark,  Joseph 
Dickinson,  George  Elliot,  Thomas  Emerson  Forster,  John  Geddes,  Robert  Hunt,  John 
Beete  Jukes,  John  Hartley,  John  Percy,  Joseph  Prestwich,  Andrew  Crombie  Ramsay, 
and  John  Thomas  Woodhouse  to  be  Our  Commissioners  for  the  purposes  aforesaid. 

And  for  the  purpose  of  enabling  you  Our  said  Commissioners  to  make  the  said 
inquiries,  We  do  hereby  authorize  and  empower  you,  or  any  five  or  more  of  you,  to 
invite  all  such  persons  as  you  may  judge  most  competent  by  reason  of  their  situation, 
knowledge,  or  experience  to  afford  you  correct  information  on  the  subject  of  this  inquiry, 
and  to  bring  with  them  all  such  books,  documents,  papers,  and  accounts  as  may  appear 
to  yoxi,  or  any  five  or  more  of  you,  calculated  to  assist  your  researches  in  the  execution 
of  the  trust  hereby  reposed  in  you ;  and  to  inquire  concerning  the  premises  by  all  other 
lawful  ways  and  means  whatsoever. 

And  We  will  and  command  that  this  Our  Commission  shall  continue  in  full  force  and 
virtue,  and  that  you  Our  said  Commissioners,  or  any  five  or  more  of  you,  may  from 
time  to  time  proceed  in  the  execution  thereof,  and  of  every  matter  and  thing  therein 
ccHitained,  although  th^  same  be  not  continued  from  time  to  time  by  adjournment. 

And  We  do  command  and  require  you,  or  any  five  or  more  of  you,  to  report  to  Us 
in  writing  under  your  hands  and  seals,  or  under  the  hands  and  seals  of  any  five  or  more 
of  you,  as  soon  as  the  same  can  reasonably  be,  your  several  proceedings  by  virtue  of 
this  Our  Commission,  together  with  your  opinion  on  the  several  matters  herein  submitted 
for  your  consideration. 

Given  at  Our  Court  at  Saint  Jameses,  the  Twenty-dghth  day  of  June  One  thousand 
eight  hundred  and  sixty-six,  in  the  thirtieth  year  of  Our  reign. 

By  Her  Majesty's  command, 

G.  GREY. 


Commission  to  inquire  into  the 
several  matters  relating  to  Coal 
in  the  United  Kingdom. 
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1869, 

CIRCULAR  TO  MEMBERS  OF  THE  COMMISSION, 


NEXT  MEETINGS. 

A.  Depth.  1st  September,  2.— 1866.  19th  May,  3.— 1870. 

B.  Combustion.    Ist  September,  11.— 1866.  10th  July,  16.— 1869. 
O.  Wmniug.       Ist  September,  11.— 1866.  14th  May,  di.--1870. 

D,  Geological.     Ist  October,  10.— 1866,  18th  June,  19—1869. 

E,  Statistics.       1st  October,  9.— 1866.       .  5th  February,  12.— 1867. 

Commission  (General  Meeting)— {Jg^j^^^'^^^^l^^^ 


Pbooeedinos  of  the  Coal  Commission. 

Coal  Commissioii, 
Comtoittee  Room  Q.,  House  of  Lords, 
So,  January  12, 1867. 

At  the  First  Meeting  of  the  Coal  Commission,  held  7th  Jvlj  1866,  at  Commititee  Boom  Q., 
House  of  Lords,  the  Commissioa  decided  "that  it  was  expedient  .to  divide  their  inquiry,  and  to 
appoint  Committees  to  investigate  separate  subjects ;  but  that  every  Member  of  the  Commission 
"  shaU  have  leave  to  serve  on  any  Committee  he  pleases,  in  addition  to  tdiat  specially  assigned  to 
"  him." 

ilve  Committees  -w&ce  chosen  and  summoned. 

Their  proceedings  to  this  date  are  printed  and  paged  separately,  as  it  has  been  determined  to 
take  evidence  viv&  voce. 

It  is  proposed  that  these  minutes  and  the  evidence  taken,  shall  appear  in-the  Appendix  to  the 
Beport. 

Members  are  requested  to  'preserve  the  printed  papers  which  will  he  forwarded  to  them  from 
time  to  time,  as  it  wiU  greatly  sweU  the  expense  of  the  Report  to  send  otU  sixteen  en^'e  copies  aft&r 
ev&ry  meetmg  of  every  committee. 

J.  F.  Caupbeu^  Seeretary, 


PROCEEDINGS  OF  THE  COAL  COMMISSION. 


ScOurday,  July  Jth,  1866. 
The  Commission  held  their  firat  meeting  at  Committee  Boom  Q,  House  of  Lcvds,  at  3  p.nu 

Present,  all  the  Members,  except  Mr.  Jukes.  gee  Com- 

FoBMAL  Business. 

1.  It  was  agreed  that  ihb  Commissbn  is  to  be  called  the  Coal  CommisaioD. 

2.  The  Members  corrected  a  list  of  names  and  addresses. 

3.  The  Comraission'  chose  J.  F,  Campbell,  Esq.,  Barrister-at-Law,  F.  G.  S.,  of  Xiddry  Lodge,  Secretary. 
Kensington,  W.,  to  be  their  Secretary.* 

4.  Letter  y  was  signed,  informing  the  Home  Office  of  the  choice  of  a  Secretary,  and  requesting  Preliminary 

that  a  salary  may  be  assigned  to  him,  on  such  a  scale  as  the  Lords  Commisaoners  of  Her  Majesty's 
Treasury  may  think  fit ;  requesting  that  provision  may  be  made  for  de£*aying  the  current  expenses 
of  the  Commission,  and  a  scale  fixed  for  their  allowances,  &c. ;  asking  for  a  place  of  meeting ;  for  a 
proTision  for  fianking  letters ;  for  authority  to  draw  stationery. 

5.  The  Commission  was  read. 


•  July  18tb,  1866.— Salary  of  400/.  approved  by  Homo  Office  and  Treasury.  I4th  November  1866. 
— ^Date  of  appotntment  asked  by  Home  Office.  December  7th,  1866. — Honie  Office  say  that  the  l^reasury 
have  authorized  the  Paj-moster  Gci;eral  to  pay  a  salary  of  400/,  a  yeaf  to  the  Secretary,  from  July  Ist,  1866, 

A4 
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Meeting. 

JxAj  7di,  6.  The  Chairmui  was  requested  to  write  to  the  Privy  Council  Office  requesting  leave  to  emidoy 
1866.  the  staff  of  the  Geological  Survey  in  the  investigation  of  the  questions  referred  to  the  CoouuianoD, 

when  to  them  it  may  seem  expedient  to  do  so;  the  number  of  sorveyons  bo  emj^yed  to  be  at  Hie 

2 

discretion  of  the  IKreotw  General  of  the  Survey.    See  lettex     July  9lih,  1866. 

7.  The  Chwrman  was  requested  to  write  to  the  Treasury  to  request  their  Lordships  to  empower 
the  Oommisnon  to  employ  and  pay  local  viewers,  mining  engineers,  and  draughtsmen  in  the  investi- 

3 

gation  submitted  to  them    jSi»  letter  p  July  9th,  1866. 

8.  To  request  that  tra^lling  and  personal  e^tensea  of  all  petwnui  onployed  by  the  Gommifla<»i 

3 

be  met  by  the  l^reasury.  See 

9.  The  Gommisnon  decided  that  it  was  expedient  to  divide  their  inquiry,  and  to  f^point  com- 
mittees to  investigate  separate  Bubject8>  but  that  evOT  member  of  the  Commission  shall  nave  leave 
to  serve  on  any  committee  he  pleases,  in  addition  to  that  spedally  assigned  to  lum. 

The  fc^wing  Committees  were  chosen : — 

— Committee  m possible  Depths  itf  W&rking.    {WWi power  ta  tcAe  Evidence,) 

1.  Sis  W.  AitMSTBONG. 

2.  Mlc  FOBSTEB. 

3.  Ms.  DxcKiNSOir. 

4.  Mr.  "WooDHonsH. 

1st  Meeting  second  Tu^day  in  September,  10  ajn. 

B. — Committee  on  Waste  in  Combustion.    (Wi^  power  to  take  JSmdenee) 

1.  Ma.  VrviAir. 

2.  Db.  Perot. 

3.  Mb.  Habtlbt. 

4.  Mb.  Clabk. 

Ist  Meeting  Bocond  Tuesday  in  September,  12  ajn. 

C — Committee  on  Waste  in  Working.    {With  power  to  take  Evidence.) 

1.  Mh.  DioKiNeoN, 

2.  Mb.  Fobsteb. 

3.  Mb.  Woodhouse. 

4.  Mb.  Geddes. 

let  Meeting  second  Tuesday  in  September,  2  p.m. 

J},— Committee  on  the  PnAcAiHty  of  finding  Coal  under  Superineumbent  Strata,    {WtA  power  to 

take  £!videnee,) 

1.  Sib  Bodbbice  Mitbohisok. 

2.  Pbopessob  Baubat. 

3.  Mb.  Prbstwioh. 

4.  Mr.  Jukes. 

5.  Mr.  Woodhodbb. 

6.  Mr.  Dickiksok. 

'K,-^Committee  on  ARaeral  Statistia, 

1.  Sib  Bodbbioe  Mubchison, 

2.  Mb.  Hitkt, 

Abotlu 

To  this  list  other  names  were  added.    See  pages  70,  71. 


Sbobbxabt's  BuaiNBSS 

gecretazy.  The  Secretary  was  directed  to  summon  a  meeting  for  Friday,  July  13th,  at  noon,  to  receive 
answers  to  the  letters  written  by  the  Chairman  to  the  Treasury  and  Privy  Coundl  sent  out  July  9tii. 

Several  applications  f<»r  employment  as  cleriu,  shorthand  writers,  &c  were  referred  to  the 
Chairman,  and  were  filed  for  consideration. 

Koom  Q.  The  Usher  of  the  Black  Bod,  Sir  Augustus  Clifford,  his  deputy,  Colonel  Clifford,  and  Mr.  Haines, 
of  the  Parliamentary  Office,  were  asked  if  they  had  any  objection  to  allow  the  Commission  to  ofxxrpy 
Committee  Boom  G.  Permission  was  granted,  on  the  understanding  that  the  Commission  must  give 
up  tibie  room  if  wanted  for  a  Committee  of  the  House  of  liOrda  ^ 
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Mr.  Auetin,  Secretary  to  the  Board  of  Works,  was  asked  to  have  the  room  cleaned  and  iumiahed  Secretary. 
(wUoh  was  done  the  same  day).  ^Oth, 

The  chief  dcrk  of  the  Stationery  Office  was^  adced  to  sapply  stationery  and  prepare  the  necessary 
books,  &o.  for  tiie  correspondence  of  tKe  Gomoussion.    (Supplied  and  put  in  hand  same  day.) 

The  letters  of  the  Commission  were  taken  to  the  Home  Office  and  franked. 

All  in  antidpation  of  the  official  answer  to  the  apptications  in  letter  |. 
July  10th.— These  Minutes  and  notes  were  written  by 

J.  F.  Campbell,  Secretary 


The  Duke  of  Buckingham  stated  to  the  Secretary  thati  in  oonseqaence  of  the  absence  of  the  Work  by 

Chancellor  of  the  Exchequer  and  other  members  of  the  (^overoment,  it  was  impossible  to  ^re  an  Geol<^icai 

official  answer  to  the  letters  of  the  Chairman  to  the  Coal  Commission  in  time  for  the  meeting  at  noon ;  Sorrey. 
but  the  view  which  he  had  taken  was  thnt  one  portion  of  the  work  to  be  done  was  such  ns  would 
advance  the  Qeolo^cal  Survey,  and  ought  to  be  allowed,  but  that  another  portion  was  not,  strictly 
■pftftlringj  g8ol<^^^  and  ought  to  be  dtme  by  some  persons  other  than  the  members  of  the  survey. 

J.  F.  Cahpbell,  Secretary. 


SECOND  OENERAI.  MEETINa,  July  latb,  1S66.  Noon.  Jnly  18th, 

1866. 

COMMISSION  MEETING. 

COKKZTTEB  BoOM  O. 

PitESiorr :  1.  The  Duke  of  AbgTll  (in  the  Chair) ; 

2.  Sib  Roderick  Murchison  ;  3.  Robert  Hunt,  Esq.  ;  4.  Joseph  Bbbte  Jukes,  Esq.  ; 
5.  John  Pbe&twich,  Esq.  ;  6.  Fbofessob  Ramsat  ;  7.  John  Gbddes,  Esq.  ;  8.  Sib  William. 

Abmstbono,  C.R ;  9.  Joseph  Dickinson,  Esq. 

1.  The  minutes  were  read  and  signed* 

2.  The  Duke  of  Argyll  read  the  letters  which  he  had  written  at  the  request  of  the  Commission, 
and  the  memorandum  made  by  the  Secretary  (p.  5)  of  his  conversation  with  the  Duke  of  Buckingham 
at  the  Privy  Council  Office  this  morning. 

Sir  Roderick  Murchison  stated  his  views  regarding  the  employment  of  the  officers  of  the  Geological 
Survey  on  the  woik  of  the  Commission. 

3.  Mr.  Dickinson  suggested  that  application  be  made  to  the  C-oal  Owners  AssociaUon  for  information 
relative  to  the  suhjeots  of  this  inquiry. 

4.  Mr.  Geddes  suggested  a  similar  application  to  the  mining  inspectors. 

5.  Mr.  Hunt  exhibited  a  map  on  which  he  had  laid  down  the  area  of  coal  worked  out  of  certfun 
seams  in  a  particular  district,  as  sample  of  mapping  work  which  may  be  done  for  the  Commission. 

6.  Mr.  Hunt  suggested  the  following  nunutes,  of  which  Na  1  was  negatived.  No.  2  passed - 

It  appears  necessary  that  an  application  should  be  made  to  the  Home  Office  requesting  that  the 
inspectors  of  coal  mines  should  give  the  Comnussioners  every  information. 

Kegatived,  J.  F.  C. 

An  application  should  be  made  for  a  Treasury  order  tiiat  the  Ordnaaoe  Maps  Office  supply  the 

Commission  with  all  maps  which  they  may  require. 
(The  Secretary  wrote  accor^ngly,  and  delivered  tiie  letter  at  the  H<»ne  Office.— J.  F.  C.) 

7.  Mr.  DicJdnson  proposed  the  following  minute,  which  was  passed:— 

That  the  Coal  Association  of  Great  Britun  and  the  Government  inspectors  of  mines  be  written  to, 
asking  how  far  they  could  and  would  be  willing  to  assist  the  Commission  with  information  as 
to  the  quantity  of  coal  in  each  seam  already  worked,  and  which  is  already  proved  and  renuuns 
to  be  worked  in  their  respective  districts. 
{See  poffe  9.)  A. 

7.  The  Secretary  wrote  the  same  day  to  Mr.  Day,  but  firom  lack  of  infonnation^  aa  to  the  ooal  Secretary, 
inspectors  he  did  not  write  to  them — J.  F.  C. 

Ju^  UtlL^WtGte  to  Mr.  Hunt  for  the  information.— J.  F.  C. 

.8.  Committees  A.,  B.,  C,  E.  were  requested  to  set  to  work  immediately ;  Committee  D»  to  wait 
for  the  offifual  anawen  to  the  letters  of  the  Chairman  above  referr^  ta 
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Second 
General 
Meeting, 
Jnly  13th, 
1866. 

Secretary's 
business. 


Printing. 


Fmanoe. 


July  26tb, 
1871. 


9.  It  was  decided  aa  follows: — 

That  the  Secretary  shall  communicate  to  each  member  of  the  Commissioa  the  titles.  <tf  the  respeo- 
tive  Committees  on  which  he  is  apeciaUy  (^pointed  to  act,  and  the  names  of  the  members 
forming  snoh  Committees. 

A. 

(The  Secretary  prepared  a  list  and  sent  it  to  be  printed.— J.  F,  C) 

9.  Sir  William  Armstrong  suggested  l^at  Committees  should  meet  about  the  same  time,  as  mem- 
bers may  wish  to  attend  Committees  of  which  they  are  not  members. 

The  days  and  hours  of  nieetiog  were  fixed  (see  page  3)  and  entered  in  the  form  sent  to  be  piinted. 

Jufy  14M. — The  Secretary  finished  all  the  business  in  hand  ezcepUng  the  letter  to  the  coal  inspectors ; 
disposed  of  the  papers  of  the  Mines  Commission  by  desire  of  Lord  Rinnaird,  the  late  Chairman. 

July  IGth. — Got  the  directions  of  the  coal  inspectors,  and  sent  out  circulars  to  them. 

July  17th. — Corrected  proof  of  (urcular  to  members,  and  ordered  it  to  be  printed  off, 

July  IS^ft. — Sent  out  droular  and  copies  of  Commisnon ;  sorted  papers  in  readiness  for  yrtak. 

July  I9th. — Saw  Mr.  Day  at  his  request  in  Committee  Boom  R,  House  of  Commons.  Mr,  Day 
stated  as  follows: — 

The  Coal  Owners  Association  was  formed  15  yeara  ago,  when  the  Goremment  coal  inspection  was 
started. 

Therp  are  about  3,300  coUieries  in  the  kingdom,  which  is  divided  into  districts,  in  which  the 
principal  coal  owners  or  masters  are  members  of  the  association.  They  send  representatives  to 
attend  general  meetings  in  London.  At  general  meetings  an  executive  committee  is  appointed,  which 
manages  the  affairs  of  the  Association  through  Mr.  Day,  the  secretary.  In  each  district  is  a  local 
secretary,  through  whom  Mr.  Day  communicates.  Any  information  from  any  district  can  be  obtained 
through  Mr.  Day. 

The  geological  map  does  not  give  the  proper  information  where  the  coal  exists ;  no  map  in  existence 
does.  In  Mr.  Day's  opinion,  information  as  to  quantities  of  coal  can  only  be  obtained  by  getting 
maps  made  by  local  surveyors,  authenticated  by  resident  coal  masters  and  mining  engineers. 

On  the  subject  of  coiuumption  of  coal  or  anything  relating  to  the  trade  the  Co^  Assodation  can 
give  any  information. 

Direct  to  J.  W.  Day,  Esq.,  Chesterfield.  (Read  this  note  to  Mr.  Day  and  sent  a  copy  to  the 
Chairman.) 

J.  F,  Campbbll,  Secretary, 

Jufy  20th. — ^B^led  «z  answers  from  coal  inspeotors,  who  will  assist 
Jttfy  23dl — Sent  out  14  letters. 

Juh/  26£^ — Treasury  answer  to  Chairman's  letter  of  the  9th  read  and  sent  to  Inverary. 

August  1st. — The  Secretary  left  directions  as  to  forwarding  official  letters,  and  went  out  of  town, 
as  there  is  nothing  to  be  done  here  till  the  11th  of  September. 

For  lack  of  books  and  files  the  correspondence  is  not  yet  amuiged  in  proper  order,  but  it  is  ready 
for  storing  as  soon  as  the  Stationery  Office  sends  the  meims. 

September  lOtA. — Filed  all  letters;  made  up  account  book,  register  of  correspondence,  &c. ;  drew 
200/.  from  the  Paymaster  General  and  sent  it  to  the  Union  !mnk.  The  office  is  now  ready  for 
work, 

J.  F.  Campbell,  Searetary. 

COUHITTEES. 

September  lUh,  1S66. — Committees  met,  and  directed  (inter  alia)  that  these  minutes  should  be 
printed.  Fair  copies  of  the  minutes  were  made,  and  on  September  12th  those  which  were  ready  were 
sent  to  the  Queen's  printers.    The  minutes  of  B,  were  under  revision  by  the  Chairman. 

September  13th. — The  minutes,  printed  and  revised,  were  circulated.  See  copy  pasted  into  the 
Minute  Book  and  «gned.    {These  are  now  placed  under  the  letters  A.,  B.,  C.,  D.,       in  this  Volume.) 

October  %ih. — The  Secretary,  in  accordance  with  the  desire  of  the  Chairman  of  Committee  D., 
summoned  the  members  for  the  10th  October  at  10  a.m.  A  general  meeting  was  called  by  circular 
for  the  10th  of  October.  The  Secretanr  filed  and  reg^tered  the  correspondence.  Sent  cheques  to 
members  who  have  seut  in  amounts,  ana  made  ready  for  the  meetmgs  to  be  held  on  the  9th.     '  * 

J.  F.  Campbell,  Sebretaty, 

October  9M  and  lOfA,  1866, — The  Committees  met 
See  their  prweedingSf  printed  m  this  Volume. 

7%e  rfst  of  the  proceedings,  which  it  wets  not  thought  necessary  to  print,  are  in  a  manuscr^t  minute  book, 
into  which  the  printed  minutes  were  muted  up  to  January  llth^  1869,  when  they  became,  too  voluminous. 
They  were  regularly  circulated,  and  follow  in  this  Volume.  Official  correspondence  is  on  File  1.  Other 
correspondence  on  other  Jiles,  40  in  number.  The  books  kept  are  .■—1.  Minute  Book  ;  2.  Register  of  Corre- 
spondence ;  3.  Ledger ;  4.  Cash  Book  ;  6.  Address  Book.    These  are  with  the  papers  of  the  CoTtanission. 

■    J,  F.  Campbell. 

July  26tfa,  I87i. 
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THIRD  GENEBAL  MEETING,  Ootober  10, 1866.  Commiaidoo, 
General  Business.  October  10. 

Sept.  lltb. — The  Secretary  was  directed  to  propose  to  the  OhfOTinan  to  summon  a  General 
Meet^  to  be  held  soon  aftw  the  ConmUtee  MeetingA  fixe^.  for  the9tk  of  October,  The  purpose 
of  the  General  Meeting  is  to  consider  estimates  of  pro1»fchle  expenditure  which  are  to  be  prepared 
by  Committees  A.,  B.,  and  C,  and  general  business. 

A  General  Meeting  waa  summoned  for  the  10th  of  October  at  noon,  and  met  accordingly. 
Present:  3.  Sir  Roderick  I.  Murchison»  Bart,  (in  the  .qhair);  2.  Sir  William  Armstrong ;  3.  G.  T. 
Caark,  Esq. ;  4.  J.  Dickinson,  Esq. ;  5.  J.  Geddes,  Ksq. ;  6.  R.  Hunt,  Esq. ;  7.  J.  Hartley,  Esq. ; 
a  J.  Frestwich,  Esq. ;  9.  A.  Ramsay,  Esq. ;  10.  J.  T.  Woodhouse,  Esq. ;  11.  H.  H.  Vivian,  M.P. 

(1.)  The  Chairman  read  the  documents  to  which  he  had  refeired  as  Chairman  of  Committee  B., 
which  were  ordered  to  be  princed  and  circulated  with  Hhe  rest  of  the  proceedings ;  and  are  aa 
follows : —   

Science  and  Art  Department, 
South  Kensington, 

Sm,  .  ,  9th  October  1866. 

The  Lords  of  the  Committee  of  Council  on  ^ucatiou  have  given  their  best  consideratiffli  lo  the  the 
observations  which  you  made  to  them  on  the  subject  lof  the  Coal  Inquiry,  and  its  bearing  on  the  geological  Geolofrical 
Borv^  conducted  under  your  directions,  and  they  luve  directed  nm  lo  communicate  to  yon  th^  decisions  on  gnrr^  not 
the  subject.  to  be  em- 

It  appears  to  their  Lordships  that  the  Geological  Su^ey  is  and  has  always  been  conrndered  a  work  of  great  niOTed  by 
national  valae,  and  they  remark  that  a  very  large  proportion  of  the  survey,  including  a  portion  of  some  of  iha  ^  Ccanmis- 
moat  important  districts,  is  still  untouched.  '  tofoi. 

During  the  last  12  years  it  would  appear  that  only  2*  sheets  have  been  completed,  whilst  it  is  estimated  that 
the  survey  remaining  to  be  performed  would  occupy  about  35  sheets.  Moreover,  the  enlarged  scale  of  a  pwrtion 
of  the  Trigonometrical  Survey  calls  for  increased  accuracy  and  minuteness  in  the  corresponding  ge(dogical 
snrvey,  which  will  necessarily  protract  the  completion  of  the  whole. 

Tou  have  informed  their  Loi^ships  that  the  necessity  of  making  the  inVest^tions  required  for  the  Coal 
Commission  requires  immediately  further  investigation' and  minute  survey  of  many  portions  of  the  geological 
survey  wluch  have  teen  already  publi^e^  as  well 'as  the  immediate  completion  of  many  portions  of  the 
survey  not  yet  taken  in  hand.  * 

My  Lends  we  of  opinion  that  it  will  be  right  that  you  shcrald  cause  th6  Geological  SurvOT  staff  to  proceed  at 
oftoe  with  Ae  oompletvHi  of  those  pntitms  of  the  sorvoy  OQmpri^lV  the.  unsurveyed  ooal  fields.  .By  admting 
this  measure  infonnation  will  be  supplied  for  the  C(wl  Commission,  and  at  the  sune  time  the  work  ta  the 
gener^  survey  will  be  forwarded. 

My  Lords  are  of  opinion  that  it  would  not  be  justifiable  to  place  any  work  upon  your  department  which 
would  practically  retard  the  operations  of  the  general  survey  for  a  period  estimated  by  you  at  from  18  months 
tu  two  years  or  even  more.  But  in  orderto  expedite  as  far  as  possible  the  survey  of  those  coal  fields  which  is  not 
yet  done,  my  Lords  will  be  prepared  to  recommend  the  employment  of  such  extra  assistance  as  may  be  thought 
desirable,  and  request  you  to  furnish  them  with  the  necessary  estimate.  It  is  their  wish  that  you  should  aid 
die  Coal  Inquiry  to  the  utmost  extent  consistent  with  the  idews  herein  expressed. 

I  am,  Sir, 

Your  obedient  servant. 

Sax  Boderick  Murchison,  Bart.  Hesbt  Cols^ 

Ac.      Ac.      fto.  SecretaEy. 

Science  and  Art  Department, 
South  Kensington, 

Snt,  9th  October  1866. 

RsFcraiNo  to  the  Commisrion  on  the  Coal  Siurrey^  the  Lords  of  the  Committee  of  Privy  Council  on  Mr.  Hunt  to 
Education  direct  me  to  request  you  to  instruct  Mr.  Hunt  and  other  ofBcers  having  information  on  the  statistics  asnst. 
of  coal  to.  render  eve^  andstance  in  their  power  to  the  Coal  Commission,  employing  such  additional  staff  at  the 
expense  of  the  Coal  Cmnmisuon,  in  order  that  the  services  of  the  G.eological  Survey  may  not  be  interrupted  on 
the  survey  itself. 

I  am.  Sir, 

Sir  Roderick  Murchison,  Bart.  Tour  obedient  servant, 

&C         &C         &C.  HSHBT  COLK. 


(3.)  Professor  Ramsay  explained  the  information,  which  can  now  be  got  from  the  published  maps  Mfq)8. 
of  the  Geological  Survey,  See  below, 

(4.)  With  reference  to  the  means  of  obtaining  information  as  to  the  quantities  of  coal  remaining  ^<^-  ^  *'>d 
in  proved  coal  fields,       Bunt  read  ^e  estimate  referred  to  in  the  Frooeedings  of  Committee  E.       ''^  ^»  ^^^> 

(6.)  It  was  agreed  that  the  secretary  be  directed  to  apply  to  the  Home  OfiSce  for  16  sets  of  the  ^''^P'- 
Maps,  Sections,  and  Memoirs  of  the  Geological  Survey  bearing  on  the  coal  fields  of  Great  Britain, 
published,  and  about  to  be  published,  to  be  selected  by  Pn^essor  Bamsay.   Each  member  of  the 
Commission  to  be  famished  with -one  Mt.   — 

(6.)  It  was  agreed  that  the  "  content  of  ooal "  in  each  field,  wolfed  and  unworked,  be  inquired  into  XJwt  otsmpi, 
by  separate  members  of  tike  Commiasion,  and  tiiat  the  following  be  the  arrangement  for  carzying 
oat  this  objects 
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OBNEBAL  BTT8IKE88. 


CMnmiituHif 
Oct.  10. 

Separate 
ooaL  districti 
Mngned. 


.Mr.  Woodhouse. 


Tilt  inreetigaUon  in  the  i(dlowiiig  places  to  be  oonducted  by  tbe  folbwing  members :— > 

South  Wales  and  Monmouthshire,  by  J^su^ 

North  Wales   ....Mr.  Dickinson. 

Durham  and  Northumberland.  \   ^ 

Cumberluid.  } 

Lancashire  and  Cheshire  Mr.  Dickinson. 

North  Staffordshire  Mr.  Elliot. 

}  

Yorkshire,  North  Derl^hira,  and  Nottingham. 
South  Derbyshire  and  Leicestershire^  |- 
Warwickshire.  J 

Someisetshire  and  part  of  Gloucestershire   Mr.  Prestwich. 

Foxest  of  Dean  Mr.  Dickinson. 

Scotland. 

Ayrshire. 
Lanarkshire. 
Stirlingdiire. 
Clackmannanshire. 

Fi&6hir&  >•  Mr.  Qeddes. 

The  Three  Lothians. 
Campbellton. 
(Canoby  Dumfries-shire). 
Dumbartonshire. 


IreUmd. 


Antrim. 
Dungannon. 
Tipperary. 
Kilkenny. 


I 


.Fro£as8or  Jukes* 


(7  )  It  was  agreed  that  members  of  the  Commission  report  the  result  of  their  investigations  (at  a 
meeting  to  be  called  for  the  purpose)^  which  shall  be  the  subject  of  discussion  and  revision  when 

desirable. 

(8.)  It  was  agreed  that  the  several  committees  be  inshncted  to  cause  a  map  of  each  seam,  or 
Uie  of  m&ps.  range  of  seanu  if  they  occur  in  sufficient  proximity  to  each  other,  to  be  separately  coloured  so  asto 
See  below,  show  the  area  under  trhich  such  seam  or  seams  exist,  and,  so  far  as  possible,  the  probable  depthat 
Nov.  8  and  various  points  within  that  area,  and  also  the  areas  under  which  such  seams  have  been  wrougfaL 
Jan.  9  1867.  That  no  seam  less  than  one  foot  thick  be  so  mapped. 

(9.)  The  Secretazy  was  directed  to  prepare  and  have  jointed  a  drcular  letter  to  be  sent  by  lh« 
members  referred  to  in  6  and  7,  to  persons  from  whom  ihey  may  wish  to  obtain  infermAUon. 

The  Secretary  prepared  the  following  draft,  which  is  submitted  for  approval 

Boyal  Coal  Commismon, 

Sir,  Room  G,  House  of  Lorda 

I  AM  directed  by  the  Boyal  Coal  Commission,  of  which  I  am  a  member,  to  invite  you  to 
afford  me  all  the  information  you  possess  respecting  the  Coal  wrought  and  unwrought  in  the 
district  with  which  you  are  conversant  The  Commissioners  have  no  doubt  that  the  asaistance 
which  yon  are  capable  of  rendering  will  be  of  great  service ;  a  copy  of  the  Boyal  Commissum 
under  whidi  we  act  is  mdosed  for  your  infonnation. 

I  am. 
Sir, 

Tour  obedient  servant. 

To 

See  No.  3.,       (10.)  The  Chairman  was  requested  to  asmst  the  Seoretai  y  in  drawing  up  a  letter  relative  to  the 
Nov.  8*        employment  of  certain  persons,  and  to  their  remuneration ;  and  the  Secretary  was  directed  to 
forward  the  letter  to  the  Home  Offio&   Z%e  letter  ao  prepared  ioaa  sent  on  the  llih, 

(11.)  A  General  Meeting  waafaedfor  the  8th  ofNovemher,  at  noon, 

(Signed)      Bodebick  T.  Mitbchison, 

Chairman. 


Coal  Circu- 
lar 1. 
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FOUBTH  GENEBAL  MEETING,  November  8, 1866.  Commission. 

Nov.  8. 

*  General  Business. 

*     November  8th.   The  CommisBion  met  at  l.SO  fm. 

.pRESEzrr,  SiB  Roderick  I.  Murchison  in  the  chair,  and  the  HemberB  who  attended  D.  and  B< 

this  day. 

(1.)  The  minutes  were  read  and  approved. 

(2.)  With  reference  to  minute  5,  letters  -y-  and      were  read ;  and  it  was  agreed  that  the  Secie-  ^^pg  gg^ 

taiy  do  send  a  formal  order  to  the  Stationery  Office,  and  that  Professor  Bamsay  be  requested  to  J^'^^ 
send  the  sets  of  maps  and  questions  to  the  members  j  charging  the  expense  of  carriage,  if  any,  to  ' 
the  CommiBsion. 

(3.)  With  referraice  to  minute  ]  0,  letters  ~  and  ^  were  read,  and  ordered  to  be  printed  in  the  Minute  10., 
proceedings. 


85 

1  Coal  Commission, 

October  11,  1866, 

Sir,  Committee  Room  G.,  House  of  Lords. 

I  AM  directed  to  request  that  yon  will  call  the  attention  of  the  Lords  Commissioners  of  Her 
Majesty's  Treasury  to  the  application  made  by  the  Duke  of  Argyll  as  Chairman  of  this  Commission,  *^"^<*' 
on  the  9th  of  July  1866,  for  authority  to  seek  assistance  from  local  coal  viewers,  mining  engineers,  pf'iocaf'"*" 
and  other  persons,  and  to  assign  a  reasonable  remuneration  to  such  persons  who  may  give  tbeir  assist-  Engineers 
ance;  and  also  to  their  Lordships'  reply,  dated  July  20, 1866,  in  which  it  is  stated  that  my  Lords  would  and  others. 
Msareely  feel  warranted  in  giving  such  general  powers,  but  that  they  will  be  ready  to  consider  any  Authority 
statement  or  estimate  which  the  Commissioners  may  fornish  of  the  nature  and  probable  cost  of  the  asked, 
services  contemplated. 

I  am  now  to  add  that  the  Commission,  having  made  due  inquiry  as  to  the  probable  coat  of 
employing  such  persons  as  are  above  alluded  to,  beg,  in  the  first  instance,  to  state  for  their  Lord- 
ships* information,  that  the  inquiry  is  of  a  very  extensive  nature,  referring  to  thirty  Coal  Districts, 
in  which,  amongst  other  things,  quantities  of  c(mi1,  wrought  and  onwrought,  have  to  be  estimated,  and 
will  necessarily  involve  a  considerable  ^penditure,  which  cannot  now  be  accurately  stated. 

The  Commission  have  also  ascertained  that  the  rate  of  remuneration  of  competent  minitig  engiaeeis 
will  amount  to  three  or  to  five  guineas  per  day  according  to  drcumstances. 

It  is  hoped  that  to  enable  the  Commission  to  commence  operations  they  may  be  furnished  with  2,000/.ssked. 
2,000L  (two  thousand  pounds)  on  accoimt. 

I  am  directed  to  request  that  you  will  move  their  Lordships  to  grant  the  necessary  authority, 
and  to  g^ve  their  instructions  in  the  matter. 

I  am  to  state  that  the  next  General  Meeting  of  the  Coal  Commission  is  to  be  held  here  on  tlie 
8th  of  November,  and  that  it  is  highly  desirable  tlubt  their  Lordships'  reply  may  be  communicated 
to  the  Commission  before  that  date. 

I  am.  Sir, 

The  Bight  Hon.  H.  Waddington,  Tour  obedient  servant, 

Home  Office.  J.  F.  Campbexj^  Sec. 


96^ 
1 

Sir,  Whitehall,  26th  October  1866. 

I  AM  directed  by  Mr.  Secretary  Walpole  to  acknowledge  the  receipt  of  your  letter  of  the 
11th  instant,  and  to  inform  you  that  the  Faymaster-GenenJ  has  been  instructed  by  the  Lords 
Commissioners  of  the  Treasury  to  issue  to  you  the  sum  of  600^  on  account  of  tiie  Coil  Inquiry  500/.  given. 
Commission  ;  and  their  Lordships  will  be  prepared,  upon  application  to  them  through  the  Home 
Office,  to  advance  the  requisite  funds  from  time  to  time. 

With  r^ard  to  the  remuneration  of  competent  mining  engineers,  th^  Lordships  have  been 
informed  by  the  Director  General  of  the  Geological  Snrv^  that  the  proper  pay  for  such  professionsl 
persons  is  at  the  rate  of  fr(Sn  XL  to  32^  per  mem,  and  tibeir  Lordships  would  not  be  prepared  to 
sanction  any  higher  rate  in  the  accounts  to  be  rendered  of  the  expenditure  of  the  Coals  Inquiry 
CcnnmisBion. 

I  am,  Sir, 

Tour  obedient  servant^ 
The  Secietazy  Beluore. 
to  the  Coal  Inquiry  Cmrnnifwon. 
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Commission,     Th<t  Secretaiy  was  directed  to  acknowledge  the  receipt^  and  to  reply  to  the  Home  Offioe  letter 


Not.  8. 


Finance. 
Employment 
of local 
Engineers 
and  others. 
See  below. 


Y  in  the  following  sense : 

That  the  Commission  are  nnanimoualy  of  opinion  that  much  difficulty  will  be  encountered  in 
obtaining  the  services  of  competent  minii^  engineers  at  the  rate  of  from  one.  to  three  guineas  per 
day,  but  tikat  they  axe  ready  to  use  their  best  endeavours  to  carry  out  tbe  investigation  entrusted 
to  tbem  under  the  conditions  laid  down.  That  the  Comtaission  have  the  authority  of  the  Director 
General  of  the  Geological  Survey  to  state  that  the  travelling  expenses  of  mining  engineers  wei« 
not  included  in  the  statement  made  by  him  to  the  Home  Secretary  on  a  previous  occasion,  uxd  they 
submit  that  where  such  expenses  are  actually  incurred,  they  should  be  authorised  to  grant  them, 
not  in  fuiy  case  exceeding  one  guinea  per  day. 

99 

The  Secretary  wrote  accordingly,      October  10, 1866. 


Coal  Circu- 
lar 1. 


With  reference  to  Minute  9  » 


(4.)  The  Secretary  was  directed  to  cause  1,000  copies  of  the  letter  prepared  by  him,  and  1,000 
copies  of  the  Commission,  to  be  printed,  and  to  send  a  supply  to  the  members  named  in  Minute  6Ui. 
[Oct.  10th,  the  Secretary  obeyed  the  order  a<JCordingIy.] 

( 5.)  I  t  was  decided  that  the  name  of  Mr.  Vivian  be  added  to  the  list  of  Members  of  Committed  D, 
and  that  the  name  of  Mr.  George  Elliot  be  added  to  the  list  of  Members  of  Committeea  A.,  0.,  D. 
(These  names  were  accordingly  added  to  the  list  of  Members.) 

(6.)  Tke  next  Gemral  Meeting  of  tJie  Coal  Commission  is  to  he  held  at  1  p.m.  on  the  9tk 
Janvary  1867. 

(Signed)      Rodbrice:  LMubchisok. 


1867,  Jan.  9. 


FIFTH  GENERAL  MEETING,  Januaxy  d»  1867. 

The  Commission  met  at  1. 

Present  :  1.  Sir  Roderick  I,  Murchison  (in  Uie  chair). 

2.  Professor  Kamsat  ;  3.  Professor  Jukes  ;  4.  Mr.  Prebtwich  ;  5.  Mr.  Woodhouse  ; 
6.  Mr.  Dickinson  ;  7.  Mb.  Geddesj  8.  Mr.  Clark  ;  9.  Mb.  Elliot  ;  10.  Dr.  Perot. 

1.  Tlie  minutes  were  signed. 


Finance. 


Minute  2.— Finance. 


137 


Home  Offioe  letter,  y^,  Dec  4, 1866,  and  the  reply  December  8,  were  read. 


Estimate 
required. 
Home  Office 
Circular. 


J37 

T  Whitehail, 
Sib,  ^  December  1866, 

I  am  directed  by  Mr.  Secretary  "Walpole  to  request  that  you  will  prepare  and  transmit  to  me, 
as  soon  as  possible,  an  estimate  of  the  sum  which  will  be  requii«d  to  defray  the  expenses  of  the  Coal 
Commission  from  its  commencement  to  its  termination,  distinguishing  the  amount  which  will  be 
required  to  be  voted  during  the  ensuing  Ses9i<»  ^--Farlifuneati  accompanied  by  a  statement  of  the 
progress  the  Commissioners  have  made  in  the  inquiry,  and  of  the  probable  time  it  will  take  to 
complete  it 

1  am,  Sir, 

Tour  obedieoit  servant 

The  Secretary  to  the  H.  WaddimOTOM. 

Coal  Commissioa 


137 

I  Committee  Boom,  O. 

House  of  Lords, 

gixi^  December  8,  1866. 

I  have  to  acknowledge  the  receipt  of  your  letter  of  the  5th  inst.,  which  shall  be  laid  before 
the  Goal  Commisnon  at  their  next  meeting  on  Wednesday,  9th  January  inst. 

.    I  am. 

Tour  bitedient  s^antk 
J.  F.  Campbell. 
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The  previous  correspondence  on  the  subject  of  finance  (Minute  (3)  November  8)  and  letters  Commission, 
therein  referred  to  were  considered.  -  —  Jan.  0. 

The  Secretary  stated  that  ho  had,  received  in  all  700Z.  of  which  600i       on  account  of  2,000Z. 
applied  for  on  the  11th  of  October  and  200?.  on  aocount  of  current  e?;pensea: — imd  tliathe  had  as  • 
yet  oiily  paid         16&  lOd  on  account  of  ciurent  expenses.    He  produced  the  accounts,  ^7hich 
show  a  balance  in  hand  of  5542.  . 8s.  2d,  on  the  1st  of  January  1867. 

The  Secretary  further  .stated  that  he  had  placed  himself  in  communication  with  the  Treasury 
auditor,  and  though  he  had  received  no  formal  instructions  from  that  officer,  he  understands  from  , 
him  that  a  certificate  from:  a  Conuuisnoner  would  be  taken  as  a-  voucher  for  local  expenditure  T 
incurred  within  the  liiaita  allowed^  and  that  the  Treasury  auditoia  would  themselves  audit  these 
accounts. 

.  A  private  letter  wm  read  from  a  gentlemui  at  the  Treasury,  which  informed  the  Commission  that  . 
the  official  reply  to  the  letter  of  October  10, 1866,  would  sanction  the  allowance  of  the  actual  travelling  II 
expenses  to  the  mining  engineers,  in  addition  to  the  amounts  provisionally  recommended. 

3.  The  Secretary  was  directed  to  write  as  follows  in  reply  to  the  Home.  Office  letter  of  December 
6th,  1866,  ■ 

TT  ^ 

I  am  directed  to  state  in  reply  to  your  lett^  of  the  5th  December  1866,  that  the  inquiiy  Financial 
of  the  Coal  Commission  is  nt^.ySt  sufficiently  advanced  to  enable  the  Commissioners  to  prepare  a  estimate, 
definite  estimate.  -Froin  the 'inquiries  which  they  have  made  they  can  only  approximately  estimate  20,000/. 
the  total  expi^ifeupe  at  about  20,000^.  (twenty  thousand  pounds),  of  which  sum  fully  one  half  may 
be  required  next  session  of  Parliament.    T  am  directed  to  forward  a  copy  of  the  minutes  to  show 
the  progress  made,  and  I  am  to  state  lAiab  the  inquiiy  will  probably  not  be  completed  under,  two 
years  from  the  present  tima-  '  ' 

I  am,  Sii*, 

.  Tour  obedient  servant,  ■ 

J.  F.  CA3CPBELL. 

The  Secretary  wrote  accordingly-'on  t^d  to  to  Mr.  Waddington,  Home  Office. 

4.  The  Seoretaiy  Was  ^*ected  to  writti  as  follows 

„      .  154 

14 

I  am  directed  to  request  you  to  call  the  attention  of  the  Lords  Commissioners  of  Her  Majesty's  Pei-sonal  al- 
Treaaury  to  the  personal  allowances  of  the  Commissionfirs,  which  is  1 5s.  for  every  day  and  night  when  lowance,  1 5s. 
absent  frt)m  home,  as  settled  on  the  20th  of  July  1366.    Considering  that  the  personal  expenses 
to  which  the  Commissioners  are  subjected  in  conducting  their  inquiry  are  considerable,  I  am  directed 
by  them  respectfiUly  te  request  that  their  personal  allowance  may  be  augmented,  as  they  find  by 
experience  that  tb^  present  allowance  is  insufficient 

I  am.  Sir, 

Tomr  obedient  servant, 

J.  F.  Campbell. 

The  Secretary  wrote  accordingly  on  the  9th  to  Mr.  Waddingten,  Home  Office.  ^^J?^y> 

Feb.  16, 


Minute  8. — Geolooxgal  Maps. 
Ae  to  Minute  {5^  October.  10,  mid  (2),  Novemher  8,  1866. 


1867. 


"    ■  -  134 
The  Secretary  produced'  and  read  letter  ■=-=-  from  Mr.  Biv«rs  "Wilson  of  the  Treasury,  wliich  Geoli^ical 

maps,  16 

suggested  the  re-consideration  of  the  demand  for  16  sets  of  geological  maps,  &c. ;  also  his  reply  g-  ^jjjf'**" 

which  explains  tiie  den^d.  -  -  - 

The  Secretary  stated  that  he  had  been  in  communication  with  tlje- Treasury  and  the  Stationery 
Office  on  this  subject.  Their  lordships  are  most  anxious  to  forward  the  views  of  the  Commission  ; 
but  with  a  view  to  economy,  they  surest  tliat  one  set  of  the  geological  maps,  &c.  demanded  should 
be  shown  at  the  next  meeting,  so  that  each  member  may  judge  whether  geological  ma[»  of  the 
distoict  specially  assigned  to  him  will  not  suffice ;  if  so,  one  set  will  do  instead  of  sixteen,  and  the 
nominal  cost  will  be  reduced  from  about  500^.  to  about  502. 

Professor  Ramsay .  produced  a  complete  set  of  the  geological  maps,  &c.  referred  to  in  Minute  6, 
October  10th,  1866,  with  lists  thereof 

After  due  consideration  the  Secrettury  was  directed  to  trait  on  Mr.  Bivers  Wilson,  and  to 
state  to  him  that  the  OoniniissionerB,  at  a  general  meeting  held  on  the  9th  of  January  1867,  were 
unanimously  -  of  opinion  that  a  compliance  with  their  request  that  each  member  be  supplied 
with  a  aet  of  the  geological  maps,  sections,  &;c.  referred  to  in  the  correspondence  is  indispensable 
to  the  prosecution  of  Abeii  ' inquiries,  and  the  Secretary  is  directed  respec^Uy  to  communicate 
this  decifdon. 

The  Secretary  wrote  to  Mr.  Wilson  on  the  9th.j  loaUed  on  hvm  on  the  lOth,  and  VHia  informed 
that  the  Treaaury  vnll  <mfmwmcate  their  decision  on  this  point  through  the  Stationery  OJjlice  or 
otherwiee. 

B  4 
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0B2rBBAL  BI7SINBSS. 


Commission, 
Jan.  9. 
Uapa. 


Geological 
maps,  16 
sets. 


Maps  un- 
c<donre(L 


Minute  4. — Obdnance  Hafs. 

As  to  Minute  (8)  October  10,  the  Secretary  produced  letters  120,  121,  181,  182,  188,  189, 
147,  file  15,  and  circular  letter  -i-f^,  which  is  as  follows : 

Coal  Commission,  108 
November  10, 1866.  3 
Snt,  Committee  Boom  0.,  House  of  Lords. 

A  SET  of  geological  maps  will  be  sent  to  you  in  a  few  days  &om  the  Kuseum  in  Jermyn 
Street.  Any  communications  relative  to  them  bad  better  be  directed  to  that  deparbnen^  so  as 
to  avoid  delay. 

A  copy  of  the  report  of  the  progress  of  the  Ordnance  Surv^  will  also  be  forwarded  to  yon. 
From  that  document  you  will  be  able  to  ascertain  what  ordnance  maps  are  pnUished ;  and  tiie 
scale  and  numbers  of  the  sheets  which  you  may  require. 

In  order  to  procure  any  number  of  these  sheets,  a  list  giving  full  particulars  as  to  scale,  &c., 
must  be  sent  to  me  here.  As  soon  as  I  get  it,  I  will  send  the  list  with  the  proper  form  to  the 
Stationery  Office,  whence  the  order  will  be  sent  to  the  Top(^rraphical  department  of  the  Wiar  Office. 
Please  to  state  on  the  list  that  the  maps  are  to  be  sent  to  you,  and  give  the  address  to  which  70a 
wish  them  sent.  The  chief  alerk  at  the  Stationery  Office  ii^oims  me  that  if  tiiis  be  done  the 
maps  will  be  forwarded  direct  to  you  from  the  Topographical  department. 

I  enclose  a  copy  of  the  printed  "  Proceedings." 

I  am, 

(Circular  to  Members.)  Tour  obedient  Servant, 

J.  F.  Caufbell. 

He  added  that  the  Stationery  Office  appeared  to  have  some  difficulty  in  complying  with  some 
of  the  demands,  and  that  they  had  referred  them  to  the  Geological  Survey. 

Professor  Ruusay  e3n)lained,  and  gave  the  fc^owing  f<»m  as  a  guide  for  the  membei's  who  may 
require  oncoloared  QeoI(^;ical  Maps : 


Form  of 
order  for 
maps  nn- 
coloured. 


FoBH  of  Order  for  Maps. 

Required  for  my  use  as  a  Member  of  the  Coal  Committee : 
The  following  1-uxch  maps  witii  the  Geological  lines  engraved  bat  uncoloured; 


OS. 


The  foUowii^  6-inch  maps  with  the  Geological  lines  engraved  but  uncoloured : 
Qnmty  Kos. 


The  Secretary  was  directed  to  ui^  the  Controller  General  of  the  Stationery  Office  to  fumish 
the  uncoloured  maps  required  by  members  as  soon  as  possible. 
The  Secretary  wrote  aocordii^ly  on  the  11th. 

Note. — Members  are  requested  to  give  tkevr  ordera,  which  wUl  he  attended  to  aa  soon  as  the 
dedeion  of  the  Treasury  is  knovm. 

lOnute  6. 

Mr.  Elliot  produced  a  correspondence  with  Mr.  Hartley,  and  it  was  decided  that  the  district  of 
,  North  Staffordshire  be  transferred  from  Mr.  HarUey  to  Mr.  Elliot,  in  accordance  with  their  desira 
The  minutes  were  altered  accordingly. 

Minute  6. 

A  form  of  return  prepared  by  Mr.  Dickinson  and  revised  by  several  members,  was  approved  by 
the  Meeting.  {It  is  to  he  oaUed  Schedule.) 

"  QuAKTXTT  of  Goal  wrought  and  unwroaght." 

500  oqnes  to  be  sent  to  each  member  to  whcnn  a  disbiet  is  asngned. 

7th.   The  days  of  meeting  were  fixed  for  Tuesday  12th,  and  Wednesday  13th  February. 

Januaiy  9th.    Tke  SecretcM^  sent  the  Minutes  to  the  Pri/nter  and  wrote  as  directed. 

January  1 1th.   The  Minutes  were  returned  by  the  Printer,  revised,  and  40  copies  ordered.  One 
wweitneed  proof  ioas  eent  to  the  OhanfrrMm,  Forty  tevkea  ordered  for  d/rculation  on  the  12tA. 

J.  F*  Oaufbeu^ 

Secretary. 

(^gned)  Abgtll. 
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SIXTH  GENERAL  MEETING,  Wednesday,  13th  February  1867.  Commi«ion 
Fkesemt,  the  same  Members  who  attended  the  meeting  of  Committee  T).,  thirteen  in  number.       ^^h.  13| 

1.  The  minutes  were  signed. 

FINANCE. 

2.  The  following  notes  and  letters  were  read  by  the  Secretary. 

Aa  to  Mmute  2,  Jwwmry  9,  amd  Ea^mates  reqmred  from  the  Chmnisami  by  the  Home  Oj^ 
and  Treasury. 

January  11 ,  the  following  letter  was  lecdved,  incorporated  in  the  minutes,  and  drcul&ted  with  the 
rest  of  the  proceedings : 

glB^  Whitehall,  10th  January  1867. 

With  reference  to  your  letter  of  the  10th  November  last,  I  am  directed  by  Mr.  Secretary  'iVavelling 
Walpole  to  acquaint  you,  for  the  information  of  the  Coal  Commissioners,  that  the  Lords  Com-  Expenses 
miasjoners  of  Her  Majesty's  Treasury  agree  to  the  payment  of  iA«  actual  traveUvng  esepenses  of  sanctioned. 
the  mi/ning  engineers  employed  by  the  CovvndssioTb,  in  addition  to  the  remimeration  which  may 
have  been  assigned  to  them,  but  a  certified  statement  of  such  expenses  must  be  tr^ismitted  by 
the  Secretary  of  the  Commission  to  the  Treasury  along  with  the  accounts  of  the  expenses  of  the 
Gommisuon. 

I  am,  Sir, 

Tour  obedient  servant, 
J.  F.  Campbell,  Esq.,  Secretary.  H.  Waddikoton. 

164 

Sib,  January  It,  1867- 

lam  directed  to  acknowledge  the  receipt  of  your  letter  of  the  10th  instant,  which  shall 
be  laid  before  tlie  Cool  Commission  at  their  next  meeting  on  the  13th  of  February. 

I  am,  &a, 

J.  F.  Campbell. 

January  12.   The  Secretary  sent  a  complete  copy  of  the  Minnies  to  the  Home  Office  with  the 
foUowing  letter,  an  a  reply  to  the  dicnlar  letter  of  the  fith  Beoember  1866  (p.  12). 

187 
1 

Sib, 

I  now  beg  to  fwward  a  complete  copy  of  the  printed  minutes  of  the  Coal  Commission  Proceedings 

referred  to  in  my  letter  of  the  9th  instant,       which  is  on  page  22  (p.  7).    The  minutes  contain  a  Hom^Office, 

statement  of  the  progress  which  the  Commissioners  have  made.   Considexable  preparations  for  car^  "T^^^  ^ 
rying  on  the  inquiry  in  the  localities  named  on  page  4  have  also  been  made  by  the  members 
to  whom  these  districts  have  been  assigned.    Other  portions  of  the  inquiry  which  were  referred 
to  Committees  A,  B,  C,  B,  and  E,  have  advanced  considerably,  as  will  appear  from  the  printed 
minntes. 

I  am,  &C., 

The  Eight  Hon.  H.  Waddiogton,  J.  F.  Campbbll. 

Home  Office. 


Jan.  12th.  A  copy  of  minutes  3  and  4,  Nov.  8,  1866,  was  sent  to]^the  chief  derk  at  the  Stationery  Maps. 
Office,  so  as  to  &cilitate  the  execution  of  orders  for  maps. 

Jan.  12th.  Minutes  2  (3).  In  consequence  of  correspondence  wiUi  Mr.  Qurdon  of  the  Treasury  Audit. 
Auditor*s  department  about  accounts  rendered  by  the  Secretary  and  by  some  of  the  Commissioners, 
the  Secretary  called  on  the  Treasury  Auditor  and  showed  him  the  paragraph  marked  t»  page  13. 
He  was  advised  to  substitute  the  words  "  as  authority  for  incu^rring  local  escpendUure  *'  instead  of 
the  words  "aea  voucher  for  "  &c.  So  altered,  the  paragraph  expresses  the  understanding  come  to, 
which  is  not  official  and  is  not  binding  on  any  one. 

With  reference  to  finance  and  payments,  the  Secretary  is  in  some  difficulty.   The  well  known  Finance- 
accuracy  and  strictness  of  a  Treaaury  audit  is  well  shown  bj^  tho  correspondence  with  Mr.  Qurdon 
and  others,  relative  to  the  accounts  for  the  last  half  year,  m  which  various  small  sums,  inicliiding 
tiie  trav^ng  expenses  of  the  Secretary,  are  disallowed. 

A  considerable  sum  is  in  hand,  the  Commission  have  an  official  authority  to  apply  for  more,  and 
the  expenditure,  during  next  session  of  Parliament,  is  estimated  at  not  less  mem  ten  Humaand  lO^OOOJ^ 


But  there  seems  to  be  no  formal  Treasury  authority  to  pay  anything  except  the  travelling  and  Treasnry 
perscmal  expenses  of  the  Commissioners  and  their  Secretary,  and  the  travelling  expenses  of  aaUiority. 
**mMMmg  engmeere'' employed  by  the  Conuoiission.   There  seems  to  be  a  construcHve  authority 
to  pay  &.eae  "  mining  engineers   at  a  specified  rate  of  not  more  than  32.  per  day.    But  there  is  no 
instruction  from  their  Lordships  as  to  the  person  who  is  to  "eerHfy"  the  travelliDg  expenses  of 

18488,  YouTL  ^ 
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Feb.  13, 
1867. 


Abstract 
and  corres- 
pondence. 


Commiadon,  engmeers  ;  and  no  instructions  as  to  other  payments  or  accoonts  have  been  sent  beyond  the  Tuoal 
"  '  fonnal  order  to  acconut  quarterly,  which  has  been  received. 

The  following  is  a  brief  precis  of  the  main  |K>intB  in  the  correspondence  on  the  subject  of  employ- 
ing certain  persons  on  the  work  of  the  Commission. 

July9,lSQS. — Authority  asked  to  employ  and  remunerate  local  coal  viewers,  mmmg 
engvneera,  emd^otker  ^persona*  (p.  S.) 

Jvly  20,  1866. — Their  Lordships'  reply,  (p.  6.)  '. 
October  11,  1366. — ^The  OommissionerB  returned  to  the  subject^  and  asked  for  instmotioBS. 

See  y  (p.  5.) 

October  26, 1866. — Their  Loiships  would  not  sanction  a  higher  rate  of  remuneration  to  **nwning 
mgvneera^  than  fixnu  one  to  ih/reepovaids  per  day ;  hut  they  were  prepared  to  adTanoe  funds  fixnn 

time  to  time,  and  did  in  &ct  adTonce  fiOOZ.   See  y  (p.  5.) 

This,  taken  with  the  letter  of  January  10, 1867,  p.  9,  may  perhaps  amount  to  a  constructive  sono-' 
tion  to- employ  and  to  remwtierate  " coni^petmt  rrwnmg  engineers;"  but  it  is  not  a  direct  siuxction, 
and  no  mention  is  made  of  " locaZ  coal  viewers  and  other  persons"  described  July  9,  1866, 
and  mentioned  iu  the  eatimatee  now  furnished. 

.November  10, 1866.  The  Commissioners  returned  to  this  subject.    ^  (p.  6.) 

Ja/imary  10, 1867.  Their  Lordships  directly  sanctioned  the  payment  of  the  actual  travelling 
eapenses  of  the  local  engineers  em^uoyed  by  the  Commission  (which  again  impldes  but  doee  not 
directly  grant  sanction  to  their  paid  employment).  They  also  directed  that  a  certified  statement 
of  such  expenses  must  be  tram.smitted  by  the  Secretary  of  the  Commission  to  the  Treasury ;  but 
there  is  no  direction  aa  to  the  person  who  is  to  certify.  In  this  case,  the  Secretary  can  only 
''certify"  that  he  has  obeyed  the  Commission.  As  the  "local  engineers"  are  to  be  selected  by 
members  of  the  Commission,  and  will  report  to  them ;  the  Secretary  cannot  poscdbly  audit  and 
certify  accounts  of  the  minute  and  voluminous  nature  which  are  required  by  tiieir  Lordships. 
From  the  interview  with  the  Treasury  Auditor,  it  appears  that  the  certificate  of  the  GoTn- 
missioner  who  em/ploys  the  engineer  is  the  certificate  which  will  be  taken  as  sufficient  authority 
to  enable  the  Secretary  to  pay  mi  account.  But  formal  Treasury  authority  must  first  be  obtaobed 
for  the  em^pUyyment  of  "local  coal  viewers,  vrwrnng  engineers,  amd  other  persons,^  before  money 
can  safely  be  paid  to  any  one,  either  by  a  memb»  of  the  Comnusrion  or  by  the  Seoretaiy.  This 
view  of  the  correspond^ioe  is  also  taken  by  some  members  of  f^e  Commissicm  ^o  have  given  it 
their  special  attention. 

It  seems  necessary  for  the  Commission  to  obtain  formal  Treasury  sanction  befoT«  taking  farther 
steps  which  will  entail  expense 

Estimates.        The  foUowiiig  correspondence  relative  to  estimates  confirms  this  view. 

As  stated  f£ove  the  correspondence  began  July  9,  1866.   On  the  I9ih  of  Jaamary  a 
l^esnng  "  letter  was  sent  £rom  the  Home  (Mce,  asking  for  estimates  vmder  sepa/raie  heads. 
On  the  ^-Uh,  a  printed  circular  was  sent  to  members  asking  for  estimates  in  the  form  demanded. 
On  the  1st  of  Februmy  the  following  letters  were  sent  mm  the  Home  Office  and  a  reply  was 
returned  on  the  2nd. 


216 

1 

Whitehall,  Ist  February  1867. 
With  reforence  to  yout  letter  of  the  S3d  ultimo,  I  am  directed  by  Mr.  Secretary  Walpole 
to  traiuanit  to  you,  herewith^  a  c<my  of  a  letter  from  the  treasury,  respecting  the  information 
desired  by  tiieir  Lordships  witii  regara  to  the  estimate  for  the  Coal  Commissixm  for  tiie  year  1867-d 
and  to  request  that  you  will  furnish  the  statement  required. 

I  am,  Sir, 

J.  F.  Campbell,  Esq.,  Tour  obedient  servant, 

Secretary  to  the  Coal  Commission,  H.  WADDiKGlvnr. 

Committee  Boom  G., 
House  of  Lords. 


{Copy,) 

216 

1  Treasury  Chambers, 

Sib,  31st  January  1 867. 

Estimate  ^  reply  to  your  letter  of  the  tSik  instant,  transmitting  copy  of  a  letter  from  the  Seoretaiy 

under  sepa-  of  the  Coal  Commission,  I  am  commanded  by  the  Lords  Commissioners  of  Her  Majesty's  Treasuxy 
rate  hea^  to  request  that  you  will  point  out  to  Mr.  Secretary  Walpole,  that  my  liOrds,  in  the  communication 
addr^sed  to  you  on  the  I7th  instant,  did  not  atk  for  detailed  i/nformalion  in  reference  to  the 
eacpendAture  contemplated  by  the  Coal  Commission  in  the  year  1867-8,  but  for  a  sub-division 
ahovdng  nmder  a  few  heads  the  items  of  which  the  sum  of  10,O00Z.  proposed  to  be  svlmUtted  to 
PfoUcmsni  in  the  estimates  was  tmden^ood  to  be  made  up. 

pffo^^That  is  wAa<  (he  8ecreta/ry  asked  the  CoTrmdssioners  to  gvoe  cmA  cannot poBaiUff 


give  hamself,  see  175.] 
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Ifc  appears  to  my  Lords  that  it  can  hardly  be  necessaiy  for  this  purpose  to  await  the  replies  of  Commission, 
ihe  sixteen  Commissioners  to  the  enqturies  which  have  been  addressed  to  them,  nor  would  their  Feb.  13, 
Lordships  be  di^Ktsed  to  cause  those  replies  to  be  printed  with  the  estimates  for  Parliament. 

I  am  to  request,  therefore,  that  tks  Se&retary  of  ike  Coal  Commission  fMvy  he  a/ppUed  to,  fv/mi8h 
iffUh  the  least  proGticable  delay  the  mformation  above  described. 

I  am,  &C., 

(Signed)      George  Wabd  Hunt. 

Not6k — The  amwer  was  eenvt  immediately.    The  mdmdes  had  been  previously  serU,  wUh  <m 
aibeiract  to  ehovj  Gtambwreofike  v)OTk»  A  copy  of  Ike  ahetraot  ia  on  page  24. 


(Sndorsement.) 

Treasoiy,  31  January  1867. 
Coal  Commission. 
Information  required  immediately  for  Estimates. 
To  Secretary,  1  February  1867. 


217 

1 

Sat,  February  2, 1867.  EstimatoB 

I  HATE  the  honor  to  acknowledge  the  receipt  of  your  letter  of  the  1st  instant,  and  to  state  under  sepa- 
in  reply  that  I  am  unable  to  furnish  the  information  sought  except  as  already  given ;  a  circular,  of  heads, 
which  I  enclose  two  cojnes,  was  sent  out  on  the  24th  of  January,  many  rej^es  bave  been  returned ; 
a  second  application  was  sent  yesterday  to  members  who  have  not  yet  replied,  and  the  whole  will 
be  sent  to  you  with  as  little  delay  as  possible.    The  minutes  of  the  Commission  are  printed  at 
all  events,  and  the  estimates  vriU  be  sent  in  type. 

The  next  meeting  of  the  Commission  will  be  held  on  the  12th,  and  I  shall  be  glad  to  receive 
their  Loidahips'  inspections  before  that  date,  so  that  I  may  obey  tbem  at  once  or  await  tiie 
inatmctions  of  the  Commissioners. 

I  am.  Sir, 

The  Bight  Hon.  H.  Waddington.  Toor  obedient  servant, 

J.  F.  Campbell. 

J^oi^—TheMT  Lord^yipi^  imtructions  were  tio^  received  on  the  14^ 


ClBCULAA  TO  MBUBEBS. 

FlKAlTCB.  (PebSSOTG.)  175 

Goal  Commission,  ^ 
Committee  Room  G,  House  of  Lords, 

Sib,    .  January  24,  1867.  Estimate* 

I  AH  advised  by  the  Chairman  of  the  last  meeting.  Sir  Eoderick  Murchison,  to  call  your  under  sepa- 
attention  to  the  letter  marked  "  Fressine,*'  which  has  been  printed  in  order  to  save  time.    For  the  mte  heads, 
same  reason  I  have  prepared  and  cansra  to  be  printed,  and  now  s^d,  a  short  abstract  of  your  Members 
proceedings,  which  I  forwarded  to  ibe  Home  Office,  in  manuscript,  on  the  23rd.    I  trust  that  this  «*ked, 
course  will  meet  your  approval    The  Government  are  preparing  estimates ;  the  next  meeting  of 
the  Commission  does  not  take  place  till  after  the  meeting  of  Parliament,  so  I  have  been  obliged  to 
act  without  your  autiiority  in  llus  cas& 

With  a  view  to  unifomuty  in  the  return  required  1^  f^e  Lords  of  the  Treasury,  I  beg  to  suggest 
the  followi^ : — 

(1.)  As  Chairman  of  Committee  (A,  B,  C,  D,  E,)  I  estimate  the  expenditure  in  r^pect  of  the 
branch  of  the  inquiry  to  be  investigated  separately  by  this  Committee,  namdy,  {here  insert 
the  headvng  vn  the  proeeedmgs)  at  U  during  this 

session  of  Parliament,  under  the  foUofring  heads : — 

{Name  f  Am.) 

(2.)  As  a  member  to  whom  a  coal  district  has  been  assigned  for  the  purposes  of  the  inquiry,  I 
estimate  the  local  expenditure  during  this  session  of  Parliament  in  the  district  of  {here 
name  the  districtt  as  on  page  19  of  Vie  MimtteSj)  at  t,  imder  the  following 

heads  Mate  them,  as  for  exampHe,) : — 
(a.)  Mining  engineers  to  be  employed  {here  etafe  the  work  to  he  done),  at  a  rate  of  &om 
one  to  three  guineas  per  day,  as  fixed  October  25,  1866. 
Local  coal  viewers  (as  above). 
Other  persona  (as  above),  as  requested  July  9,  1866. 
^d)  TraveUing  expenses  of  mining  engineers  employed  by  the  Commission,  as  sanctioned 

January  10, 1867. 
(e.)  My  own  travelling  e^>ense8  as  xmpaid  commissioner. 
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As  secretazyi  I  estimate  the  office  expenditure  during  this  year  under  the  following  heads : — 

Secretary's  salary  -  -  *  -  *  400 
Sundries,  say         -         -  -  -  -  80 

480 

Note. — iVo  Clerks^  Messengers,  or  Offi/x  Keepers  a/re  vmd  employed,  and  probably  none  wiU  he 
required  till  Ike  Retfwrna  have  to  he  made  up.  Due  formal  application  viUl  be  made  for 
Treaattry  au£^or%,  'tf  clerical  asaiskmce  is  tieeded  in  the  Secretar^a  DepoArtmmL 

I  am, 

Tour  obedient  servant, 

J.  F.  Campbell, 

Secretaty. 


Estimates 
under  sepa-r 
rate  heads. 
Members 
asked,  Cir- 
cular 2. 


(CIRCULAR  TO  MEMBERS)  and  thbie  Answers  up  to  Feb.  H,  1867- 


Finance. — Estimates. 


175 
1 


Seep.  17. 


Incomplete 
estimates 
sent  to  Home 
Office, 

Feb.  5, 1867. 


(Pressing.) 
Coal  Commission, 

Committee  Room  G,  House  of  Lords, 
SiE,  5th  February  1867. 

175 

I  BEG  to  refer  you  to  my  former  letter  of  the  24th  inst.  No.  ~y- ;  I  have  now  the 

honor  to  forward  a  copy  of  the  returns  which  I  have  recdved,  and  of  the  letter  which 
I  propose  to  send  as  a  reply  to  the  Home  Office  and  Treasury  requisition  of  the  19th  of 
January  marked  "Pressing."  If  this  letter  meets  your  approval,  have  the  kindness 
to  revise  your  own  estimates,  and  return  a  corrected  proof  to  me  so  that  I  may  send 
corrected  copies  of  the  estimates  to  the  Home  Office  with  as  little  delay  as  possible. 

I  am,  Sir, 

Your  obedient  servant, 

J.  F,  Campbell, 

Secretary. 

P.S.' — In  consequence  of  a  further  application  &om  the  Home  Office  for  returns 
under  separate  headings,  I  have  sent  a  copy  of  these  incomplete  estimates  in  their 
present  form,  with  a  letter  stating  that  a  complete  set  will  be  sent  as  soon  as  possible. 


B'inakce.— Estimates. 

Proposed  letter  to  the  Home  Offi/se  (for  approval)* 

Coal  Commission, 
Committee  Room  Q,  House  of  Lords, 
Proposed      SiR,  January  31,  1867. 

letter  to  At  the  First  Meeting  of  the  Coal  Commission,  held  7th  July  1866,  at  Committee  Room  G, 

Home  Oflic&  House  of  Lords,  the  Commission  decided  "  that  it  was  expedient  to  divide  their  inquiry,  and  to 
"  appoint  Committees  to  investigate  separate  subjects ;  but  that  every  Member  of  tine  Commiaaion 
"  shall  have  leave  to  serve  on  any  Committee  he  pleases,  in  addition  to  that  speidally  assigned  to 
"  him." 

July  7, 1866.  Five  Committees  were  chosen  and  summoned.  The  following  estimates  are  furnished  by  the 
Commlltees  Chairmen  of  these  Committees  in  compliance  with  the  desire  of  the  Lords  of  the  Treasury  conveyed 
appointed,     in  a  letter  of  which  the  following  is  a  copy : — 

(PRESSIKO.) 

Estimates      Sir,  Whitehall,  January  19,  1867. 

uudec  eepa-  With  reference  to  your  letter  of  the  9th  instant,  1  am  directed  by  Mr.  Sccretaiy  Walpole  to 

rate  heads  inform  you  that  a  communication  has  been  rec^ved  from  the  Lords  of  the  Treasury,  stating  that  it 
wanted.  appears  to  their  Lordships  very  undesirable  to  submit  to  Parliament  ui  estimate  of  10,0002.  for  the 
expenditure  of  the  Coal  Commission,  unaccompanied  by  any  description  of  the  items  of  which  it  will 
be  composed,  and  that  their  Lordships  would  therefore  be  glad  to  be  furnished  with  a  statement  of 
the  expenditure  divided  under  a  few  neads,  accompanied  by  a  short  explanation  of  the  proceedings, 
such  as  it  is  customary  to  print  with  the  Estimates  for  the  information  of  Parliament;  and  I  am  to 
request  that  you  will  fumiso  the  statement  required  by  the  Lords  of  the  Treasiury  accordingly. 

I  am,  Sir, 

J.  F.  Gampbell,  Esq.,  Your  obedient  servant^ 

Secretary  to  the  Coal  Commission,  H.  WAnniKOTON. 

Committee  Room  Gt,  House  of  Lords. 
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Feb.  13, 
1867. 

A*  ESTIHATBS 

Feb.  IS.   The  estimates  for  Committee  A.  were  considered,  and  the  following  was  adopted: —  furnished. 

'  Travelling  and  personalezpenses  of  the  members  of  this  Committee,  independent     £   e.   d.  A 
of  sums  estimated  under  other  sections         -  -  -    300    0  0 

Probable  expenses  of  the  investigation      -  -  -  500  0  0 


Total       -         -  -   800   0  0 


(Signed)      W.  G.  Abustbong. 


B.  200 

1 

Deab  Ma  Campbell,  30th  Janimry  1867. 

I  EEALLY  cannot  sea-bow  I  can  form,  any  thing  like  an  accurate  estimate  of  the  cost  of  such 
portions  of  the  Coal  Investigation  as  are  specially  imder  my  cluuge ;  but  as  I  must  name  sums,  I 
beg  to  say  that  I  do  so  under  onnpulaion  and  perfectiy  at  hazard.    Suppose  that  we  say  for 
Committee  B,  2002.   For  my  'portion  q/  8.  WcdeSj  BOOL,  to  include,  all  expenses.   For  my  own  p^pt, 
expenses,  say  201.  or  less.  fiouth Wales, 

Yours  very  faithfully, 

J.  F.  Campbell,  £sq.  H.  Hussey  Yivun. 


0.  194  0. 

11 

Pendleton,  Manchester, 

Mt  BeAE  Sir,  (Coal  Commission.)  26th  January  1867. 

In  reply  to  j-our  letter  of  the  24th  instant,  as  chai'rman  of  Committee  C,  I  estimate  the 
expenditure  in  respect  of  the  branch  of  the  inquiry  to  be  investigated  separately  by  this  Committee, 
namely,  on  waste  in  working,  at  500Z.  during  this  session  of  Parliament. 

As  a  mraiber  to  whom  a  coal  disbict  has  been  assigned  for  the  purposes  of  the  inquiry,  I 
estimate  the  local  expenditure,  during  this  session  of  Parliament,  in  the  districts  of  Lwncaakire,  Lancashire 
Cheshire,  North  WaUa,  and  the  Forest  of  Dean,  at  1,5002.  for  mining  engineers,  local  coal  viewers,  Cheshire 
and  other  persons,  and  their  travelling  expenses.  NortliWnles, 
My  own  travelling  expenses  and  allowances  as  an  unpaid  oommisdoner,  2002.  Forest  of 

Very  faitiifully  yours,  Deau. 
X  F.  Campbell,  Esq.,  JOSEPH  DICKINSON. 

Secretary. 


D.  185 

12 

Coal  Commission. 

As  chairman  of  Committee  D,  I  estimate  the  expenditure  in  respect  of  the  branch  of  tlie 
inquiry  to  be  investigated  separately  by  this  Committee,  namely,  "  Probability  of  finding  coal  under 
Permian,  New  Bed  Sandstone,  and  other  superincumbent  Btrata,"  at  2002.  during  this  session  of 
Parliament,  under  the  following  heads : — 

Fot  additional  levelling  to  consult  practical  miners  along  tiie     £    a.  d. 
edges  of  the  coal  fields  -         -         -         -         .         -   180   0  0 

Postages       -         -         -         -         -         -         -     -     20  00 


^  200    0  0 

25th  Jannaiy  1867.  Bode.  I.  MuBCHSsoir. 


E  •  E. 

Museum  Practical  Geology, 

Jermyn  Street, 

25fch  January  1867. 

Coal  Commission. 

As  chairman  of  Committee  K  (Mineral  Statistics),  I  estimate  the  expenditure  of  the  branch  Estimates  , 
of  the  inquiiy  to  be  investigated  separately  by  this  Committee,  viz. :  furniihed. 

"To  inquire  as  to  the  quantity  of  coal  at  present  consumed  in  the  various  branches  of  mannfao- 
"  tore,  for  steam  nayigation,  and  fox  ^gvi^sUc  purposes^  as  well  as  the  c^nantit^  exported,  and  how 
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Committee.  "  ^*  to  wliat  extent,  such  consaiaption  and  export  may  be  expected  to  immaae,"  at  370Z.  (three 
Feb.  13,  hundj;^  and  serenty  poands)  during  tiuB  aeesum  of  Farliament,  under  the  heads  named  <m  the 
1867.  inclosed. 

BoDK.  L  KimcHXSON, 

E.— Sib  Bodebice  I.  MmtcmsON,  Bart,  E.CR,      Chainuan ;  Bobebt  Hunt,  F.RSu 

To  enquire  aa  to  the  quantify  of  coal  ai  present  consumed  in  the  various  branches  of  manufac- 
ture, for  steam  navigaUon,  and  for  domestic  purposes,  as  well  as  the  quantity  exported,  and  how 
&r,  and  to  what  ezteni>  such  consumption  and  e^mrt  may  be  ei^teoted  to  increase. 

£  8,  d. 

Estimate  for  the  year  ending  March  31st,  1868     -         -         -  370   0  0 


Committee 
Estimates 
carried  to 
page  24. 


and 


DetaUe  of  Setimate. 
Travelling  exp^ises  for  at  least  six  months     -         -  - 
Personal  allowance  for  the  same  period  when  on  duty 
Allowance  to  pay  for  assiBtance  in  sending  out  drculaas 
writing  letters  to  all  railway  companies      -         -  - 
To  all  gas  do. 

„  steam  vessel  do.  (2,628  registered.) 
„    oollieries,       3^66  » 
„    iron  works,  610 
„  mann&ctures 
To  determine  ihs  amount  of  steam  power  employed 


100 
190 


8, 

0 
0 


d. 
0 
0 


50  0  0 


30    0  0 
370   0  0 

*  Experience  has  Bhown  that  will  be  a  wise  economy  to  stamp  that  half  of  the  forms  circulated  which  are  to 
be  returned.  Of  those  already  issued  a  large  number  come  back  withoiU  a  postage  stamp  and  are  charged  2d, 
This  estimate  is  for  about  4^000  circulara  and  letters,  of  which  the  migtui^  will  be  2d  each. 


October  10, 

1866. 

Separate 

CoalDis 

tricts. 


SEPABATE  COAL  DISTBICTa 
At  a  General  Meeting  of  the  Coal  CommiaBion  held  October  10, 1866. 

(6.)  It  was  agreed  that  the  *'  content  of  coal "  in  each  field,  worked  and  nnworked,  be  inquired 
into  by  separate  members  of  the  Commission,  and  that  the  following  be  the  arrangement  for  oanying 
out  this  object. 

The  investigation  in  the  following  places  to  be  conducted  the  foUowiDg  mmbera^  who  have 
given  the  following  estiinatefl^  Feb.  14, 1867 : — 

£  8. 

Soutii  Wales  and  Monmouthshire,  by  Ifo  S 

Forest  of  Dean.  "1 

Lancashire  and  Cheshire.  >  Mr.  Biekmson  - 

North  Wales.  J 

Durham  and  Northumberland.  "I  /Mr.  Forster  and"! 

Cumberland.                        J  ' I.    Mr.  Elliott 
North  Staffordshire  Mr.  Elliot.   Ifo  retom,  Feb.  14. 

^Ur^'*'-  }  ^-^^y 

Yorkshire,  North  Derbyshire,  and  Nottingham.  ~| 
South  DerbjrBhir^  and  Leicestershire.             V  Woodhouse 
Warwickshire.  J 
Somersetshire  and  part  of  Glouoestershire.  Mr.  Fres^wioh  -  ^ 


-  1,700  0 

_j.  2,660  19 
n 

-  2,076  0 

-  3,557  5 

-  .295  0 


Ajnrshire. 

Lanarkshire. 

Stirlingshire. 

Ck 

Fifeshirei 


SCOTLAND. 

The  Three  Lothians. 
Oampbellton. 

(Canoby,  Dumfries-shire).  >....Mr.  Geddes 
J>umbartonshire^ 


Mar.  3, 1868. 

Supplemen- 
tal Sstimates. 


£  8.  d. 
1,300   0  0 


r320  0  0 
\  76  16  6 


1,696  16  6 


Sums  carried 
to  page  19. 


Antrim. 


Ti 


IBELAND. 
....  Professor  Jukes 


October  10, 1866.  Incomplete  Total 
Mandi  3, 1868.  Supplemental 


-   2.000   0  0 


-  300    0  0 

-  13,578   4  0 

-  1,696  16  6 


Uazeh  8, 1868,  Total   -      ^15,275   0  6 
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(7.)  It  was  agreed  tiiat  members  of  the  Commissioii  report  the  result  of  tiieir  inTestigations  (at  a  Committee, 
meeting  to  be  called  for  the  piirpose)^  which  shall  be  the  subject  of  discossioiL  aad  i&vmon  when 
desirable. 

(8.)  It  was  agreed  that  the  several  committees  be  instructed  to  cause  a  map  of  each  seam,  or  Estiuatzs 
range  of  seams,  if  they  occur  in  sufficient  proximity  to  each  other,  to  be  separately  coloured,  so  as  to  fiirnished. 
show  the  area  under  which  such  seam  or  seams  enst,  and,  so  &r  as  possible,  the  probable  depth  at 
various  points  within  Uiat  area,  and  also  the  areas  under  which  such  seams  have  been  wrought,  r?T^ 
That  no  seam  less  than  one  foot  thick  be  so  mapped.  tricts. 

The  estimatee  furnished  by  these  members  in  oompliaaoe  with  tikeir  Lordshipa*  desire,  are  on  the  ^PiP"*?* 
irnavin. 

l£e  fbUowing  axe  the  letters  from  the  CcmuDiasioneis : 

Dowiais  House,  187 
Merthyx  Tydfil,  16 

Sm,  25  January,  1867- 

Aa  a  member  of  the  Coal  Commission  to  whom  the  moiety  of  the  South  Wales  Coal  Basm  part  of 
has  been  assigned  for  the  purpose  of  the  inquiry,  I  estimate  the  local  expenditure  during  this  South  Wales, 
session  of  Parliament,  for  the  above  half  district,  at  about  500^,  to  be  wholly  expended  in  the 
emfdoyment  of  a  mining  engineer  at  Bl.  Ss.  per  day,  as  fixed  26tjx  October  1866 ;  and  his  reason- 
able travelling  expenses  as  sanctioned  lOtii  January  1867.   I  believe  the  above  sum  will  coyer 
my  whole  undertaking. 

I  remain.  Sir, 

J.  F.  Campbell,  £s^.  Your  obedient  servant, 

Cool  Commission,  Geo.  T.  Clabk. 

House  of  Lords, 
Westminster. 


Geological  Survey  Officeii  155 
Dublin,  16 

Sib,  January  25th,  1867. 

In  answer  to  your  Circular  of  January  24th,  headed  "  Pressing,"  I  beg  leave  to  return  the 
following  reply. 

The  coal  mining  operations  <^Jrekmd  are  comparatively  few  and  small.   The  Geological  Survey  Ireland, 
is  already  in  possession  of  all  the  obtainable  information  with  respect  to  most  oi  them,  with  the 
exception  of  "  the  quantity  of  coal  worked." 

Ko  other  memb^  of  the  commission  resides  iu  Ireland  except  mysel£ 

It  was  felt,  therefore,  that  the  prohibition  relative  to  the  employment  of  the  officers  of  the 
Qeolo^pcal  Survey  did  not  extend  to  preventing  me  from  taking  Ireland  as  a  district^  in  which  I 
was  to  estimate  "  the  quantity  of  coal  worked  and  nnworked" 

I  am  unable  to  ^ve  any  detailed  estimate  of  the  probable  expense,  but  I  should  think  that  if 
a  sum  of  200Z.  or  300L  were  assigned  for  my  own  travdOing  expenses,  for  the  payment  of  one  or 
two  fees  to  mining  engineers  and  fi)r  gratuiti  bs  to  persons  for  information,  it  wouM  be  si^dent 

I  am, 

J.  F.  Campbell,  Ssq.  Tour  obedient  servant, 

J.  Bttte  Jinoa 


The  Coal  CommisBion,  189 
9,  Melville  Crescent,  16 
Sib,  Edinbro*,  25th  January  1867. 

CoMPLTtKG  with  your  "Circular  to  Members"  dated  yesterday  and  marked  "Pressing'* 
received  by  me  this  morning,  as  a  member  of  the  Commission  to  whom  has  been  assigned  a  coal 
district  for  the  purposes  of  the  inquiry,  I  estimate  the  local  expenditure  during  this  session  of 
Parliament  in  my  district  (Scotland)  at  not  less  than  2,000^,  under  the  following  heads  : — 
a.  Mining  engineers  to  be  employed  at  a  rate  of  from  one  to  three  guineas  a  day,  to  bring 
togetiier  from  maps,  pUns,  and  notes  in  tiieir  knowledge,  tiie  desired  information  as  to 
cool  worked  and  unworked,  in  locaUtiea  where  they  are  now  or  have  been  chiefly  engaged 
professionally. 
h.  Iiocal  coal  viewers  or  managers  of  ooUieries. 
c  Other  persons  (not  professional),  aa  mineral  owneni,  Ssc. 

d.  Travelling  expenses  of  mining  engineers  and  others  employed  by  the  Commission. 
t.  My  own  travelling  bhargee  and  allowances  as  impaid  commissioner. 

And  I  may  further  e^Jain,  that  m  SeoUamd  this  coal  inquiry  will  extend  over  13  counties,  Scotland, 
and  may  require  the  assistance  of  30  persons  to  attain  the  requisite  information. 

I  have  issued  the  circular  of  9th  October  1866  to  upwards  of  80  persons,  inviting  their  aid  in 
the  wodt  on.  hwd.'  Some  of  them  have  readily  signified  their  willingness  to  assist  the  inquiry. 
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Commission,  and  have  not  referred  to  fee  or  expenses ;  but  the  great  majority  have  not  replied  at  all,  so  that 
Feb.  13,       I  have  again  looked  over  my  list,  aad  am  led  to  aasume  the  above  number  (30)  as  the  minimum 
likely  to  be  required,  and  to  be  paid  fees  and  expenses. 

I  am^ 

Your  obedient  Servant, 
J*.  F.  Campbell,  Esq.,  John  Geddjes. 

Secretary. 


1867. 

ESTIHATES 

furnished. 

Separate 
Coal  DiB- 
triots. 


209 

Aahby-de-la-Zouclie,  1 
31st  January  1867. 

Deaa  Sik,  Coal  Commission. 

Enclosed,  I  beg  to  hand  you  estimates  relating  to  the  districts  assigned  to  me ;  viz., 
Warwickaki/re,  Zeieeaten^ire,  and  Nottmgham,  Derby,  aww  York. 

I  am,  dear  Sir, 

J.  F.  Campbell,  Esquire,  Yours  faithfully, 

Committee  Koom  Q.,  John  T.  WooSHOiTSK 

House  of  Lords, 

Westminster,  S.W. 


Nottingham,     As  a  member  to  whom  a  coal  district  has  been  assigned  for  the  porpoBes  of  the  inquiry,  I 
Derby^'and    estimate  the  local  expenditure  during  this  session  of  Parliament  in  the  oistriet  oi  NottMi^Mvm, 
York.  Derhyy  and  York,  at  2,600L,  under  the  following  heads : —  £    8.  d. 

(a.)  Three  mining  engineers  occupied  in  personal  investigation,  280  days  at  SI.  8«. 

per  day        -  -         -  -  -         -  -  -         -  882    0  0 

(6.)  Local  coal  viewers,  110  days  at  21  2a.  per  day     -         -         -  -     -  231    0  0 

(c.)  Other  persons:  draughtsmen,  780  days  at  11.  1«.  per  day  ;  copying  derk,  320 

days  at  10s.  6d  per  day       -  ~  -  -  -  -  987   0  0 

(d.)  Travelling  -expenses  of  mining  engineer  employed  by  the  Commission,  as 

sanctioned  10th  January  1867  -  290    0  0 

(e.).  My  own  travelling  expenses  and  allowances  as  onpud  Commissioner      -     -  210   0  0 


Xieicester- 
thire. 


Warwick- 
shiro. 


Slst  January  1867. 


^,600    0  0 
John  Thos.  Woddhoctse. 


As  a  member  to  whom  a  coal  district  has  been  assigned  for  the  purposes  of  the  inqniiy,  I 
estimate  the  local  expenditure  during  this  session  of  Parliament,  in  tlw  district  of  Leicestershire, 
at  431i.  15&,  under  the  following  heads : — * 

(a.)  One  mining  engineer  occupied  in  personal  investigation,  30  days  at  3^  3a.    JP    a,  d. 

per  day         -  -  -  -  -  -  -  -  -    94  10  0 

(6.)  Local  coal  viewers,  10  days  at  2Z.  2a.  per  day    -         -  -         --21  00 

(c.)  Other  persons:  draughtsmen,  150  days  at  12.  Is.  per  day;  copying  clerk,  150 

days  at  10a.  Gd.  per  day  -  -  -  -  -    '         -  236    5  0 

(d)  Travelling  expenses  of  mining  engineer  employed  by  the  Commission,  as 

sanctioned  Januajy  10th,  1867         -         -  -  -  -  -    50  00 

(e.)  My  own  toavelling  expenses  fuid  allowances  aa  unpaid  Commisdoner     -      -   30   0  0 


31st  January  1867. 


^431  15  0 
John  Thos.  Woodhousk. 


As  a  member  to  whom  a  ooal  district  has  been  assigned  for  the  purposes  of  the  inquixy,  I 
estimate  the  local  expaiditure  during  this  session  of  Parliament,  in  the  district  of  Wimmckmiret 
at  525^  lOa,  under  the  following  heacb  :-* 

£  8,  d 

{a.)  One  mining  engineer  occupied  in  personal  investigation,  40  days  at  3^  3«. 

per  day        -  -         -         -         -         -         -         -  -  126  00 

(6.)  Local  coal  viewers,  10  days  at  22.  2a.  per  day    -         -         -         -       -21  00 

(c.)  Other  persons :  draughtsman,  170  days  at  XL  Is,  per  day ;  copying  derk,  200 

days  at  10a.  6d.  per  day         -  -  -  ,       -  -  283  10  0 

{d.)  Travelling  expenses  of  mining  engineer  employed  by  the  Commission,  as 

sanctions!  January  lOtb,  1867         -  -         -  -         -         -   60  00 

(e.)  Uy  own  Ixavelling  expenses  and  aUowanoes  as  unpud  CommiBBi<mer  -       -   35   0  0 


31st  January  1867. 


Sum 


£52$  10  0 

John  Tbos.  Woodhoube. 

-    ^3,557    5  0 
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NEWCASTLE-ON-TrNE. 

Coal  Commissiob. 

Ab  a  member  to  whom  a  coal  district  has  been  assigned  for  the  purpose!  ti  the  inquiir,  I  estimate 
the  local  expenditure  during  this  session  of  Parliament  in  the  district  of  DwMomi  NorAtmbeifitimd, 
Qfn4  (hmbenand,  at  2>650A  19«^  under  the  following  heads * 

£    9.  d, 

(a.)  Three  mining  en^^ineers  occupied  in  personal  inTestigation,  260  days,  at  82.  Se. 

per  day        -  -  -  -      --      -819  00 

(6.)  Local  coal  viewers,  160  days,  at  21.  2t.  per  day      -  ...   33Q    0  0 

(c)  Other  persons,  draughtsmen,  780  day^  at  12.  Is.  per  day,  copying  derk  318 

days  at  10«.  6f2.  per  day        .         .       .       -  .  .  _    985  19  0 

(d)  Travelling  expenses  of  mining  engineers  Mnployed  by  the  Commission  as 
sanctioned  10th  January  1867        -      -         -      -         ...   300   0  0 

(<.)  Hy  own  travelling  expenses  and  aUowanoe?  as  unpaid  CommiBsioner  -   210   0  0 

£  2,650  19  0 

Febniaiy  2nd,  1867.  Ths.  K.  Fobsteb. 


Commission 
Feb.  13. 
1867. 

EsmuTBa 
fumiahed. 

Separate 
Coal  Dis- 
tricts. 

Durham, 
Korthumber- 
land,  and 
Cumberland. 


Ab  a  member  to  whom  a  coal  district  has  been  assigned  for  the  purposes  of  the  inquiry,  I  Somenel- 
estimate  the  local  expenditure  durii^  this  session  of  Parliament  in]  we  disfaiot  of  ^omersetmvre  shire  and 
mid  pari  of  QUyuceaterski.'e  at  2952.,  under  the  following  heads : — 


(a.)  Mining  engineers  to  be  employed  in  ascertaining  the  extent  of  wrought 
and  unwrought  coal,  at  a  rate  of  from  one  to  three  guineas  per  day,  as 
fixed  October  25,  1866  -         -  -        .  - 

(6.)  Local  coal  viewers  (as  above).  ...... 

(c.)  Other  persons  (as  above),  as  requested  July  9,  1866  - 

(d)  Travelling  expenses  of  mining  en^neers  employed  by  the  Commissimi,  as 
sanctioned  January  10,  1867 

(«.)  My  own  fxavelling  expenses  and  allowuioes  as  unpaid  oommisnoner 


£ 

120 
70 
30 

50 
25 


part  of 
GloacMtw- 
shire. 


Sum       -  ^95 


(Signed)      Joseph  Pbestwicb. 


Coal  Oommiasion, 
Wolverhampton, 

Dbab  Sis,  14th  February  1867. 

I  estimate  the  expenditure  during  the  present  year  in  ascertaining  the  quantities  of  coa  South  Staf- 
nnwrought  an  the  South  SUxffwdMre,  SatA  Worce^ah^,  and  ShraptSivre  coal  districts  to  be  as  fordshira, 
mider,viz.:—  Eaat  War- 

J  wicksmre, 
£      A   O,  Shrop- 

For  payment  of  mini^  engineers,  surveyors,  and  other  persons  in  South  Staf-  ahiie. 
fordshire  and  East  Worcestershire        ......    1,500    0  0 

My  own  ^Epenses  aa  unpaid  Commissioner  •«         «      -       50  00 

1,550   0  0 

And  for  Shropshire^  indoding  my  own  expenses,  252.  -      -        -     525  0  0 

£  2,076    0  0 

I  am.  Dear  Sir, 
T0UI8  truly, 

J.  F.  Campbell.  Ksq.  John  Habilet, 
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As  Seoretary,  I  ofltimate  the  office  expenditure  during  this  year  under  the  following  heads : — 

£ 

Seccetaiy*B  salary  .  -  -  .  •  400 
Sundriesi  say       -      -       -      --  --80 

^480 

Note. — No  Clerks,  Messengers,  or  Office  Keepers  a/re  now  employed,  <md  prob<My  none  wUl 
be  reqvAred  tiU  ihe  rdums  ham  to  be  made  v/p.  Due  formal  appUeation  wiU  be  made 
for  Treaaiwry  <mlihority,  if  cMoot  awistones  w  needed  m  me  Beerf^oir^s  Depa/rtment. 

J.  F.  Caiipbeli^  Sec. 


23d  January 
1867,  in 
reply  to 
demand  for 
Eatimates. 


Abstract  of 

Minnies  pre- 
Tionsly  sent. 
Committee 

Mar.  8, 1868. 

]«800 
800 

600 

aoo 


BjCSBO 


970 


Sam  -  3^70 
Sopplem.  6B0 

Sam,  1 

Mir.8,  }-«s,eso 

1868.  J 


Sir, 


To  these  estimates  I  beg  to  add  a  printed  copy  of  my  lettw  of  the  23d  January  1867,  and  of 
the  abstekct  of  proceedings  tiien  iunushed,  in  oomplianoe  with  the  desire  conveyed  to  me  in  your 
letter  of  January  19th.  The  estamates  of  the  chairman  of  Oommittees  A.,  B.,  C.,  E.  are  oa 
the  margin. 

Coal  Commission,  Committee  Room  G, 
House  of  Lords,  January  23,  1867. 
In  reply  to  your  letter  of  the  19th  inst.,  marked  **  pressing,"  I  have  the  honour  to  state  for  thm 
information  of"^ the  Lords  of  the  Treasury,  that  after  consultation  with  Sir  Roderick  Murdodson,  the 
Oiurman  of  last  meeting  I  have  sent  a  copy  to  each  of  the  16  Commisdonen^  with  a  request  thai 
each  wUl  prepan  estimates  in  accordance  with  their  Lordships'  directions. 

I  beg  auo  to  forward  printed  copies  oi  the  Commission,  and  <tf  the  Minutes,  for  their  Lordships 
information. 

I  have  also  prepared  and  forwarded  an  abstract  of  the  proceedings,  to  which  I  beg  to  refer. 

I  am  Sir, 

Your  obedient  servant^ 

The  Right  Honourable  H.  Waddington.  J.  F.  CAMrsEtL. 


Abstract  of  the  Proceedings^  with  the  Estimates  sent  by  the  C9iainnen  of  the  Conmiittees. 

The  Commissioners,  of  whom  there  are  16,  held  their  first  meeting  on  the  7th  July  1866,  and 
appointed  five  committees  specially  to  consider  Inranches  of  their  inquiry: — 

A.  Possible  depths  of  working  -  Chairman,  Sir  W.  Q,  Armstrong,  C.B.,  Newcastie-on-TVne. 
R  Waste  in  combustion    -        -       do,      H.  Hussey  Vivian,  Esq.,  M.P.,  Park  Wenif 

Swansea. 

C  Waste  in  working    ...        do.       Joseph  Dickinsni,  Esq.,  Pendleton,  Manchester. 
D.  Prol»bility  of  finding  coal  under  Permian,  Kew  Red  Sandstone,  and  other  superincumbent 
strata  -         -         -  Chairman,  Sir  Roderick  L  Murchison,  Bart;,  1^  BelgraTe 

Square. 

£.  Mineral  statistics     -      -      -       do.  do.  do. 

Ihese  committees  have  prepared  sets  of  questions  for  witnesses  which  the  Commisdon  intend  to 
drcolate  in  February.  It  is  also  proposed  to  examine  witnesses  vwd  voce.  Questions  prepared  by 
A  are  ready  for  printing  off ;  of  those  of  D,  1250  copies  are  printed.  Committee  E  nave  issued 
drculars,  and  have  replies.  For  a  report  of  their  proceedings,  see  page  16.  Questions  prepared  by 
B  and  C  are  in  the  minutes. 

The  meetings  of  these  fire  committees  are  held  consecutiTcly,  to  enable  any  member,  who  may  have 
come  to  town,  to  attend  any  meeting.  For  the  same  reason,  and  to  enable  tne  secretary  to  attend  all 
meetings,  the  Commission  meets  afterwards,  usually  once  a  month.  Part  of  their  proceedings  will  be 
found  at  page  18. 

After  corcespondence  with  the  Treasury,  Home  Office,  and  Privy  Council  relative  to  the  employment 
of  the  officers  of  the  Geological  Survey  and  other  persons,  it  was  decided  tbat  the  former  should  not 
be  directly  emploved  on  the  work  of  the  Coal  Commission.  A  portion  of  the  correspondence  is  printed 
in  the  minutes,  where  also  will  be  found  a  correspondence  relative  to  the  employment  and  remwM- 
ration  of  mining  engineers,  local  coal  viewers,  and  other  persons,"  and  "  travelling  expenses."  A  cor- 
respondence relative  to  the  supply  of  geological  and  other  ma^^  is  also  printed.  In  explanation,  I  hee 
to  state  that  there  are,  in  all,  thirty  coal  fields  in  the  United  Kingdom,  m  each  of  which  are  mimy  «ku 
seams.  The  kingdom  has  been  divided  into  districts  (tee  above),  uid  th^  are  assigned  to  ten  member^ 
who  are  named  on  pa^  19.  In  order  to  estimate  "quantities  of  coal  worked  and  imworked,**  each  <d 
these  ten  mraabers  is  to  lay  down,  on  Ordnance  or  oth^  maps,  each  seam  of  coal  in  his  district,  and  for 
that  purpose  he  is  to  seek  information  from  geological  maps  already  published,  from  persons  actuidly 
en^ged  in  mining  operations, 'and  from  other  persons  who  may  be  acquainted  with  the  district 

The  correspondence  shows  the  result  of  implications  made  lor  Treasury  authority  to  employ  and  to 
remunerate  those  who  may  require  payment  for  giving  the  inf(mttati<m  sought^  and  for  tuung  the 
necessarr  work. 

It  is  hoped  that  the  inquirr  will  progress  rapidly,  when  formal  sanction  is  given.  Meantime, 
considerabk  progress  has  aheaqy  been  m^e  in  some  districts ;  but  such  an  extenrive  and  important 
inquiry  must  necessarily  cost  time  and  money. 

I  have  the  honour  to  be, 

Your  obedient  servant^ 

Ihe  Bight  Honourable  H.  Waddington,  J.  F.  Campbxll. 

Home  Office. 
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NoTB.— nnioA  estimate  made  at  the  last  General  Meeting,  Jan.  9, 1867,  is  not  less  than  two  year*  CommiBsion 
fnm  the  present  timet  20,000/.,  of  which  fully  one  half  mem  be  required  during  FebniarTls! 

this  Set^oH  of  Parliament,    The  in^mpleteeetiniates  now  sent  amount  fi^  this  year  Utl%i2'&hA»^  1867, 

ESIDCATBS 

On  the  6tb,  haviiig  obtfloned  a  oonaiderable  number  of  reborns  from  memberB,  a  proof  vaa  sent  AnniBhed. 
to  the  Home  Office  with  the  £:>lloving  letter 

Pressmg.  2^6 

1 

Sib,  February  6th,  1867.  ^f"^* 

By  the  Chairman's  demre  I  send  iiie  enclosed  incomplete  estimates,  of  whidi  proofe  have  ^^^^  *' 
been  sent  out  to  the  members  for  revision  this  day. 

I  am,  &&, 

The  Bight  Hon.  H.  Waddington.  J.  F.  Campbell,  Esq. 


The  circnlar  printed  abore,  vith  corrections  fnniished  by  members  on  the  12th ;  at  the  general  4i6,iS8  4. 
meeting  on  the  13th;  and  on  the  14th  of  February,  begins  on  page  18.    Only  one  expected 
estimate  is  now  -wanting,  see  page  20,  and  the  sum- now  amounts  to  16,1282.  48, 


February  16,  1867, 

The  incomplete  estimates  now  fumislied  amount  to- 
Five  Committees  on  special  subjects,  &c. 
Local  expenditure  in  separate  coal  districts  - 
London  office,  ISecretary,  &c.  ... 


Supplemental, 
March  3,  1868. 


£ 
2,070 
13,578 


s,  d, 
0  0 
4  0 


480    0  0 


February  16,  1867»  Sum  estimated     -  £16,128   4  0 


March  3,  1868 


£  s. 
550  0 
1,696  16 


0 
6 


2,246  16 
16,128  4 


6 
0 


18,375   0  6 


The  Bight  Hon.  H.  Waddington, 
Home  Office. 


I  have  the  honour  to  be. 

Your  obedient  Servant, 

J.  F.  CAMPBELL, 

Secretary. 


The  Secretary  having  read  these  notes  and  the  proposed  letter  to  the  Home  Office^  the  Com- 
misuoners  considered  i£e  whole  subject  oSJmcmce. 


Minute  3, 

Mb.  Habtlet  explained  that  his  difficulty  in  fbmishing  an  estimate  arose  from  uncertainty 
as  to  the  amount  of  detail  required  by  the  Commission.  He  produced  a  1-inch  ordnance  map 
with  a  coal  estate  marked  on  i^  to  show  the  minuteness  of  the  scale.  A  mere  dot  or  line  repre- 
sents a  vast  quantity  of  coal,  wrought  or  unwrought.  Secondly,  he.  produced  one  of  the  schedule 
returns  (which  have  been  widely  circulated)  filled  up^  to  show  the  minuteness  of  the  detail  now 
aeifced  for  in  that*  fbrm.  He  suggested  that  lees  detail^might  suffice.  Other  members  held  a  different 
opinion  on  this  pdni 

Mb.  Clabk  explained  his  data  for  the  estimate  of  500^  for  half  of  South  Wales.  In  that 
district  he  proposes  to  employ  one  local  oigineer  only,  who  will  do  the  whole  of  the  work.  In 
Soath  Wales  it  has  been  partly  done  by  Hke  Geolc^cal  Survey,  already, 

Sm  BoDSBicE  MtTBOmsoN,  Mb.  Wooi>house,  Fbofbssob  Hambay,  FBonsssoB  Jxtksb^  the 
Duke  of  Abotll,  and  others,  took  part  in  the  discussion, 

Mb.  Woobhouse  explsJned  that  bis  estimate  would  probably  exhaust  Leicestershire  and  War- 
wickshire in  one  year,  and  gave  his  reasons  for  jQxing  the  sum  named.  Mr.  Woodhouse  thinks 
it  practicable  to  map  the  district  assigned  to  him  in  the  manner  proposed,  and  explained  his 
reasons. 

Hr.  Ged0es  explained  his  estimate  for  Soothmd,  and  added  that  if  the  mbuitenesB  of  detail 
could  be  lessened,  the  cost  would  also  be  deoreaaed.  In  Scotland,  the  want  of  Tpropet  maps 
increases  the  difficulty  in  many  districts. 

Mb.  Juees  e^lained  that  in  Ireland  most  of  the  information  sought  could  be  obtained  from 
the  maps  of  the  Qeologioal  Survey,  at  small  extra  cost. 
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Commifltion,  SlB  W.  Abustboko  pointed  oat  that  the  questioa  now  before  the  Commission  appeared  to  be 
FebruuylS,  whether  information  as  to  "  quantUiea  of  com,  wrought  and  WMorougkt,**  onghi  to  be  fiu-nialied 
1867.  Ml  a  map,  or  in  a  tabular  form,  or  both. 

It  was  the  opinion  of  the  members  generally  Uiat  the  tabular  form  would  be  Uie  cheapest 
bat  that  the  mapping  was  very  desixable  where  it  oould  be  aboomplished. 

Minute  8,  October  10, 1866  (pt^  10),  as  to  mapping  was  read;  and 

Mb.  Kakilry  explained.  On  that  minute  he  had  procured  sets  of  ordnance  maps  for  the  puiposs 
of  laying  down  the  information  sought  in  f^e  form  of  a  map,  without  delay ;  but  on  b^rinning 
the  actu^  work,  he  had  found  it  impossible  to  overcome  difficulties  incident  the  intricate  nature 
of  the  country,  the  rights  of  property,  and  the  minuteness  of  the  scale  on  which  the  1-inch  nu^ 
16  drawn.   A  large  cou  estate  is  represented  by  a  mark  no  larger  than  a  small  coin. 

It  was  stated  by  several  members,  partioulsxly  by  Mr.  Woodhouse  and  Mr.  Dickinson,  Uiat  a 
considerable  expenditure  is.absolutely  necessary  for  tw  purposes  of  the  Commission,  and  tlut  Uiey 
have  already  incurred  considerable  expense,  and  have  done  a  great  deal  of  their  work,  on  the  &iu 
of  the  correspondence  quoted  and  abstracted  above. 

On  consideration  of  these  financial  questions,  it  was  decided  unanimously — 

(a.)  That  the  Chairman  be  authorized  to  request  the  Treasury  to  grant  the  Com- 
mission formal  authority  to  employ  and  pay  mining  enpneert,  local  coal  viewers,  and 
other  persons,  as  requested  July  9»  1866,  in  the  semces  indicated  by  the  estimates  now 
iumished,  and  to  pay  their  travelling  expenses,  all  ou  scales  and  under  the  rules  which 
their  Lordships  mav  think  expedient  after  duo  consideration  of  the  whole  subject.  In 
the  meantime  members  will,  as  much  as  possible,  avoid  incurring  expense. 

Minute  4. 

The  Secretary  is  directed  to  intimate  to  the  members  the  result  of  the  oorreqiondence  with  tha 
Treasary,  so  as  to  enable  the  work  to  proceed  with  as  little  delay  as  possible. 

Minute  6. 

Xlie  Chfurman  ]&  requested  to  summon  a  general  meeting  when  it  seems  neoessaxy. 
Minute  6. 

No  days  of  meeting  were  fixed  by  any  of  the  Committees,  bat  Tuesdays  are  preferable,  if  any 
meeting  are  called. 


Work  done  vn  eom^Ucmce  vn^  As  Minvies  ofhuA  meUmg,  printed  in  UaUcs. 

Fet>  ISth. — These  mrnutes  wen^  setU  to  ^  Qiieen'a  PrmUrt  after  (He  fMetrng,  a9«2  20  proofs  an 

promised  for  Saturday  morning,  February  IGth. 

Feb.  16th. — 2%«  m/hmtes  arrived  too  late  for  the  Chairman  to  wriie  as  requested.  They  wen  re^ 
vised  and  retuvmed  to  the  Queen's  Printers.   Twenty  retnees  ordered  for  Monday,  in  time  for  post, 

Feb,  17  th.    The  following  letter  toas  wriUen  hy  the  Chairman : 

Coal  Commission, 
Committee  Room  G,  House  of  Lords, 
Sib,  Feb.  18,  1867. 

As  chairman  of  the  Coal  Commission,  which  held  its  last  General  Meeting  on 
the  1 3th  instant,  I  have  the  honor  to  request  your  early  attention  to  the  position  in 
which  the  Commission  stands  with  reference  to  Treasury  authority  for  its  necessary 
expenditure. 

There  appears  to  be  some  doubt  whether  formal  and  explicit  authority  has  yet  been 
given  for  any  expenses  except  the  travelling  and  personal  expenses  of  the  Commis- 
sioners and  of  their  Secretary,  and  for  the  travelling  expenses  of  mining  engineers 

employed  by  the  Commission. 

Lord  Belmore*s  letter  of  Oct.  25  together  with  Mr.  Waddin^n's  letter  of  Jan.  10, 
1 867)  does,  however,  justify  a  construdive  mterpretation  that  their  Lordships  have  allowed 
rates  of  personal  remuneration  to  mining  engineers  at  from  1/.  to  3/.  per  day.  No 
mention,  however,  is  made  in  these  letters  of  "  local  coal  viewers  and  other  persons  "  for 
whose  employmebt  sanction  was  asked  in  my  letter  of  the  9th  Jul^  1866.  With  regard 
to  those  persons,  however,  I  think  it  probable  that  their  Lordships  did  not  intend  to 
make  any  distinction  between  coal  viewers  and  mining  eng^eers.  The  assistance  of 
other  persons  such  as  draughtsmen,  clerks,  &c.  wiU,  however,  m  some  cases  be  absolutely 
required. 
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Umdei*  ibis  constructiye  and  presumable  interpretation  of  this  correspondence  some  of  February  18, 
the  Commissioners  have  be^n  to  work  in  their  respective  districts,  whilst  others  have  1867. 
not  yet  done  so ;  but  all  desire  that  no  doubt  should  any  longer  exist  as  to  the  authority 
which  the  Commission  has  from-  their  Lordships  for  expenditure  on  the  part  of  its  ' 
members  to  whom  the  detailed  examination  of  special  districts  has  been  assigned. 

I  have  the  honour  to  enclose  extract  roioutcs  of  the  last  meeting  which  contain  the 
estimates  required  by  their  Lordships.  It  will  be  observed  that  Mr.  Woodhouse  con- 
siders the  sum  of  his  estimates  as  hkely  to  exhaust  almost  the  whole  work  of  two  of  the 
districts  assigned  to  him. 

1  have  now  to  request  that  you  will  move  the  Treasury  to  give  formal  sanction  to 
the  Commission  to  proceed  with  its  work  on  such  scale  of  expenditure  as  may  be  found 
necessary  within  the  limits  of  the  estimates  now  furnished,  and  for  the  services  indicated 
therein. 

I  have  the  honour  to  be,  .  . 

The  Bight  Hon.  the  Secretary  of  State  Yoxjt  obedient  servant, 

for  Home  Department.  (Signed)  ARGYLL, 

.  Chairman. 


Feiyniary  \%1h,-^Tke  Mvmiies  were  not  sent  from  tke  ^prvtUffra  in  time  for  post,  80  ths  C^iairman's 
letter  and  <Ae  Minutee  therein  referred  to  were  not  aent* 

F^mtary  19ih. — The  Chah^man's  letter,  with  the  Minutes  of  the  6th  meeting,  were  sent  A  set 
of  the  papers  of  the  Commission  tuia  sent  out  to  vnemhers,  Tw/mely,  tlie  Mimttes  to  this  date  and 
wreidaflrs  of  the  CommUteee  ready  for  prinivng  o^,  A  1,  B  1,  0  1,  D  1,  E  1,  E  2. 

February  2Srd. — Received  from  the  printm'S  500  circulars  A  1,  500  B  1,  600  C  1 ;  BffrU  to 
the  five  memhere  ofB  each  100  copies  according  to  Minute  2. 

February  12*^ — Sent  out  to  each  member  of  the  Commission  25  copies  of  A  1,  and  as  mar/iy 
of  Ol,  in  eompUance  with  Minute  2,  February  XWi,  page  2,  and  2,  Fehruary  \%th,  page  6. 

Sent  one  copy  of  Al  and  of  CI  to  persoTis  named  on  the  list  furnished  by  members,  see  File  I, 
93  letters  in  cM. 

February  2oth. — Finished  sending  out  cirmlars  A,  C ;  itoo  clerks  employed  ;  1,500  circulars  Circulars 
in  cdl  sent  oui  ;  six  hours  allowed,  126.  sent  out. 

These  circulars  are  sent  out  from  cmd  are  to  be  received  at  the  Local  OovemmM  Act  Ojffice, 
l%e  meesengere  amd  o^ffice  keeper  are  paid  a  small  gratnUty  in  lieu  of  postage. 

March  1st — The  Secretary  received  arul  wrote  the  foUowvng  letters :  868,  3G4  (about  local 
engineers,  (fee.),  367,  368. 362,  369  (printed),  which  were  forwa/rded  to  the  Chairman, 

367 
1 

Whitehall, 

Snt,  27th  February  1867. 

With  reference  to  your  letter  of  the  9th  nltimo,  I  am  directed  by  Mr.  Secretary  WaLpole  to 
inform  you  that  he  bos  been  in  communicatiou  with  the  Lords  of  the  Treasuiy  respecting  the  ?  from  tehat 
allowance  made  to  the  Coal  Commissioners  for  personal  expenses,  and  tiiat  their  Lordships  have  tkae, 
been  pleased  to  sanction  an  aHovtatice  to  the  Commissioners  of  one  gumea  for  eocA  day  ana  rUght, 
ieA«n  absent  from  home  on  dnxty^for  personal  eoopenses. 

I  am,  Sir, 

J.  F.  Campbell,  Esq.,  Your  obedient  Servant, 

Secreta^  to  the  Coal  Commiasion,  ^Bkucobil 
Committoe  Boom  Q,,  Hoose  of  Lotds.  * 

368 
1 

Mt  Lord,  Mai*cb  1,  1867. 

I  HAVE  the  honor  to  acknowledge  the  receipt  of  your  letter  of  the  27th  inst.   With  reference 
to  the  aabjoined  extract  from  the  Minutes, 

{Janua/ry  9,  4,  page  22,  pasted  on) 
I  b^  respectfully  to  ask  whether  the  increased  allowance  to  the  Commissioners  is  intended  to  be  5th  general 
retrospective,  and  whether  it  extends  to  accounts  already  furnished  by  the  members  who  found  by  meeting, 
experience  Uiat  the  allowance  of  15a.  was  insufficient.   Of  16  members,  only  four  have  sent  in  P""^^** 
■oooants,  of  which  three  only  have  been  submitted  to  their  Lordshipe,  members. 

I  have,  &c, 

J.  F.  Caicfbexx. 
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Hie  whole  of  the 


from  Sootlknd 
loittend  meet< 
iBgelnthekiag 
yaottioTU 
ThiJstvMtlia 
CommiMicrD  k 
fixed  domicile, 
wberaMlMd 
datrton  like 
thoaeoroQ  vmy 
moreftboatin 
Ihet. 

To  where:  w- 
imnDtl7''lkeid 
anrtmln 
town." 

Ho  notioe  of  the 
ttust  Feb.  sr. 
A.  1. 


Treafiuzy  Chambers, 

Sib,  ^  25th  Febroary  1867. 

Wrm  reference  to  your  letter  received  on  the  20th  instant,  relating  to  a  ded/iiction  fnm^ 
your  aecovmt  for  the  half  year  ended  the  Slat  of  December  last,  I  am  directed  \fy  the  Lords  Com- 
missioiifflrs  of  Her  Majesty's  Treasury  to  acquaint  you  that  the  salaried  Setoetary  to  a  Oommiasion 
is  mppoa^  to  reeide  at  the  head  qitcNiers  of  the  GommiadoTi,  and  that  he  can  consequently  onfy  be 
allowed  to  charge  travelling  and  personal  expenses  when  proceeding  cut  of  tovm  on  the  bnainess  <^ 
the  Commission.  The  condition  as  to  residence  does  not  apply  as  to  the  unpaid  CommiasioneEB, 
vhose  eizpenses  and  allowances  may  be  calculated /or  thewjowmeyt  from  their  <nun  homes. 

It  is  not  the  wish  of  my  Lords  to  make  any  distinction  between  the  rates  of  personal  allowance 
ass^ed  to  the  Secretary  and  the  Commissioners  when  actually  engaged  in  travelling  upon  the 
business  of  the  Commission,  and  the  Commissioners'  allowanoe  havvng  recently  hem  raised  from 
158.  to  one  guinea  for  each  day  and  night,  when  absent  from  home  on  duty,  besides  actual  1a»Telling 
expenses,  m;  Lords  will  be  prepared  to  sanction  the  same  rate  for  the  Secretary, 

I  am.  Sir, 

The  Secretary  Tour  obedient  Servant 

Coal  Commission.  Geobob  Wabd  Hunt. 

NoTK— On  thie  Utter  Uie  ChnvmissioTma  mtist  act  mfietwre  in  mdhifng  their  cA«n^ea. 


Sib,  Ist  March  1 867. 

I  HAVE  the  honour  to  acknowledge  the  receipt  of  your  letter  of  the  25th  inst,  which  informs 
me  of  their  Lordships'  decision  as  to  my  own  charges  and  allowances. 

A  letter  relative  to  the  allowances  of  the  Commisdoners,  dated  Febmaiy  27th,  was  ttiis  da^ 
received  from  the  Home  Office.  On  it  a  question  arifies  as  to  the  date  from  which  the  increase  is 
to  be  reckoned.  The  allowance  of  15s.  was  found  to  be  insufficient  by  ten  members  who  attended 
the  6Ui  general  meeting,  and  who  passed  a  minute  to  that  effect,  which  was  forwarded  to  the  Home 
Office  on  the  9th  of  January.  I  have  begged  respectfrtlly  to  be  inflarmed,  whether  the  inoreaBe  is 
retrospective  and  applicable  to  accounts  already  rendered. 

I  hkre,  fto., 

J.  F.  Caufbell. 

Momih  ^nd. — The  Cha/mrum  sent  a  copy  of  Mr.  Cla/rJ^s  letter,  No,  363,  with  a  private  note  to 
Jtfr.  Wdlpole,  atkmg  him  to  ese^pedMe  ihe  matter  of  Treasury  saneHon,  The  letter  vxu  delivered  at 
^Eome  Office. 

March  hth, — The  foUawvng  letter  waa  received  repty  to  the  CMrman'a  prvvaie  note  of  ik0 
indinatamL 

Whitehall, 

Mt  hosD  Duke,  4th  March  1867- 

I  HAVE  the  honour  to  acknowledge  the  receipt  of  your  Grace*8  letter  of  the  2d  inst,  and  its 
enclosure,  representing  that  delay  is  tiding  place  in  the  operations  of  the  Coal  Commissioners, 
owing  to  the  want  of  definite  authority  to  employ  certain  persons  whose  services  are  stated  to  be 
necessary  for  the  purposes  of  the  CommiaBion,  and  I  beg  to  in&nn  yom  Graoe^  that  I  have  called 
upon  the  Lords  Commissioners  of  Her  Majesty's  Treasury  for  an  immediate  deciaum  upon  the 
points  adverted  to  in  your  Grace's  letter  of  the  ISth  ultimo. 

I  have,  &C., 

His  Grace  the  Bake  of  Axgyle,  S.H.WALPOLb 
Ohuiman  of  the  Coal  Commiasian. 

Mardi  Sth^Letter  received  from  Mr,  WeVry,  private  aeerOary  to  Mr,  Bimt,  Treaevry. 

March  9^. — Called  on  Mr.  Kvnt  at  noon,  a/nd  advised  him  to  corn/nrnmoate  with  Mr.  Vivian 
as  to  the  sixUe  of  reimmerati&n  to  he  aUowed  to  persona  employed  hy  members  of  the  Goal  Com- 
mission.  Called  on  Mr,  Vivian. 

March  14!.—Priuate  note  from  Mr,  Hwrvt  states  that  the  oMcial  answer  to  the  ChanrmarCs  Utter 
of  February  ISth  has  hem  sent  to  ike  Some  Office,  and  thai  he  has  seen  Mr.  Vitwm. 

March  llith,—!nie8e proeeedmgs  mt  topreeato  he  read/yfor  the  Treaawy  anewervAen  Uarpves, 


Abotll. 
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CIRCULAR  TO  MEMBERS. 

Coal  Commission, 

Committee  Room  G. 
House  of  Lords, 

Sib,  March  17,  1867. 

I  am  directed  to  send  vou  the  enclosed  copy  of  the  Treasury  answer  to  the 
Chairman's  letter  of  the  18th  of  February,  and  to  request  you  to  act  forthwith  imder  the 
autliority  therein  conveyed. 

It  is  the  Chairman's  opinion  that  each  Commissioner  should  certify  the  outlay  of  those 
who  are  employed  under  his  directions ;  and  he  has  only  further  to  call  your  attention  to 
the  request  o£  the  Treasury  that  every  possible  economy  should  be  used. 

I  am. 

If  our  obedient  servant, 
J.  F.  Campbell, 
Secretary* 

Mt  LoBD  Duk^  Whitehall,  15th  March  1867. 

I  have  the  honour  to  transmit  to  your  Qrace,  with  reference  to  your  letter  of  the  2nd  instant, 
a  copy  of  a  letter  from  the  Lords  Commissioners  of  the  Treasury,  fixing  the  expenditore  which  their 
Lordships  will  allow  for  the  Coal  Commission,  and  authorizing  it  to  proceed  with  its  work  at  such 
a  scale  of  expenditure  as  may  be  found  necessary  within  the  limits  of  the  estimates  forwarded  and 
for  the  services  indicated  thereon. 

I  have,  &c 

His  Qrace  The  Duke  of  Argyll,  S.  H.  Walpolk 

&C,  &C.  && 

Chairman  of  the  Coal  Commission. 

Treasury  Chambers, 

Sir,  12th  March  1867. 

I  am  desired  by  the  Lords  Conunissioners  of  Her  Majesty's  Treaaury  to  state,  for  the 
information  of  Mr.  Secretary  Walpole,  with  reference  to  your  letter  of  the  22nd  ultimo  and  its  f^^^  from 
endosores,  that  my  Lords  have,  ai  the  desire  of  the  Home  Department,  given  their  consent  to  the  the  sanction 
payment  of  the  actv/d  tmvellmg  eacpmaea  ot  the  mining  engineers  employed  by  the  Coal  Com-  previously 
mission  (not  to  exceed  in  any  case  1^  a  day),  and  for  an  allowanoe      way  of  remuneration  of  given, 
from  11.  to      a  day.    Their  Lordships  have  also  fixed  1^  Xs.  as  a  personal  allowanoe  to  the  No  date 
Commissioners  and  Secretary  for  each  night  absent  from  home  on  duty.  fixed,  though 

My  Lords  are  disposed  to  think  that  the  mayinrom  remuneration  for  coal  viewers  might  be  put  two  letters 
lower  than  that  of  mining  engineers,  and  they  ore  prepared  to  sanction  an  allowance  to  persons  ^^^^  been 
of  that  class  of  from  IL  to  22.  a  day.  ^ 

Witii  respect  to  draughtsmen,  the  {my  of  1^  1a  a  day  appears  to  this  Board  to  be  somewhat 
high  in  comparison  with  the  remuneration  paid  to  persons  employed  in  business  of  a  similar  nature 
in  the  office  of  the  Hydrographer  of  the  Admiralty,  and  especially  with  reference  to  the  pay  of 
the  junior  geologists  attached  to  the  Geological  Survey ;  and,  with  the  information  at  present  I  suppose 
before  tiiem,  they  are  not  disposed  to  sanction  a  higher  rate  of  remuneration  than  17«.  a  day.  ^t  this 

My  Lords  are  also  of  opinion  that  7s.  a  day  would  be  found  an  adequate  rate  for  copying  clerks, 
and  they  cannot  consent  to  allow  a  higher  scale  in  this  case.  affiraialive" 

Their  Lordships  also  approve  of  the  actual  IxaveUing  expenses  of  all  these  prasons  being  allowed,  ^. .  .  * 
as  in  the  case  of  the  mining  engineers. 

Thdr  LorddiipB  must  adhere  to  their  decision  as  to  requiring  a  oerUficate  (tf  the  travelling  "^""^ 
expenses,  and  of  the  number  of  days  upon  whidi  the  several  persons  to  be  retained  by  the  Com- 
missioners have  been  actually  emfdoyed.    They  would  not  have  supposed  that  there  would  have 
been  any  difficulty  in  ascertaining  and  certifying  the  proper  travelling  expenses  referred  to,  but 
they  must  leave  it  to  the  Home  Secretary  to  dedde  by  whom  this  duty  shall  be  performed.  This  must 

I  am  to  state  that  this  Board  is  anxious  to  throw  no  obstacles  in  the  way  of  the  Commissioners  ^  settled- 
procuring  Uie  best  assistance  they  can  in  the  pursuit  of  the  investigations  intrusted  to 'them  by  ^^JJ*" 
Her  Majesty,  but  they  request  that  the  Home  Secretary  will  impress  upon  the  Commissioners  the  5""^  will^not 
desirability  of  thor  CKeroiang  all  the  control  that  is  possible  over  the  expenditure,  so  that  the  „ibi^^°~x- 
strictest  economy,  consistent  with  the  due  prosecution    the  enquiry,  ma^  be  secured  penditure 

With  respect  to  the  request  preferred  by  the  Chairman  of  the  Commission  in  the  letter  of  which  over  which 
a  copy  accompanied  your  communication  of  the  23rd  ultimo,  I  am  to  state  that  formal  sanction  he  can  have 
may  be  given  to  tiie  Commission  to  (ooceed  with  its  work  at  siidi  a  scale  of  expenditure  as  may  be  no  control, 
fbund  neoesswcy  within  the  limits  of  the  estimates  forwarded,  and  for  the  services  indicated 
therein. 

I  am  to  add  that  my  Lords  are  not  aware  of  any  ftirther  sanction  being  required  than  is 
conveyed  in  this  letter,  but  any  question  of  a  definite  character  which  may  be  addreoaed  to  this 
Board  by  the  Home  X)epartment  shall  receive  early  consideration. 

I  am,  &a 
(g^gned)     GflOBGB  Wibd  Hmrr. 
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OENEBAL  BUSINESS. 


m  Genenl  SEVENTH  GEKERAl.  HEETINO,  Wednesday,  June  10, 1867. 

On  the  7th  of  Jv/ae,  the  Seoreta/ry,  hamng  received  the  Chairman's  instruetions,  at  hie  miggesHon 
of  Mr,  HcarUey,  eaUed  a  general  meeting  to  report  progreaa  amdfor  general  pivrposee. 

The  Oomnusaionera  met  at  11  am.  on  Hhe  19th. 

Fbbsent  :  1.  Thb  Duxb  of  AncnrLL  (in  the  chair). 

2.  Sir  Roderick  I.  Mtjrchison  ;  3.  Mr.  Vivian  ;  4.  Mr.  Dickinson  ;  5,  Mr.  Woodhouse  ;  6.  Mr. 
Hartlrt  ;  7.  Professor  Jukes;  8.  Professor  Ramsay  ;  d.  Mb.  Frestwich;  10.  Ma.  Hmrr; 
11.  Sir  Williau  Arhstrono  ;  12.  Mb.  Qbddes  ;  13.  Doctor  Febcet. 

The  minutes  of  the  last  meeting  were  taken  as  read,  and  they  were  mgned. 

Mapt.  Mr,  Hartley. — On  the  subject  of  maps  and  plane,  a^in  pointed  out  the  difficulties  which,  ia 

Minnte  3  his  district,  result  from  the  small  scale  of  the  ordnance  maps  referred  to  bis  letters  on  that  subject^ 
p.  8S.  '  and  explained  that  in  accordance  with  the  chairman's  view  he  had  obtained  cert»n  parish  maps,  to 
which  he  had  referred  in  his  letter  as  better  fitted  for  his  pn]^>08es^  being  drawn  on  a  larger  acato. 
For  'these  he  bad  paid,  intending  the  cost  to  form  part  of  his  local  expenditure  as  eslanuUed,  eee 
paM  20.  He  produced  a  copy  of  one  of  these  maps  with  coal  estates  marked  thereon  in  colours. 
I^tead  of  showing  patches  of  colour  no  larger  than  small  coins  they  showed  fields  and  other  detaili^ 
and  it  was  e^ilainea  that  in  many  instances  coal  estates  of  considerable  value  were  no  larger  than 
a  small  field.  In  illustration  of  the  subject,  Mr.  Hartley  farther  stated  that  he  had  been  obli^  to 
modify  the  schedule  printed  and  circulated  and  to  prepare  another  form,  of  which  he  exhibited 
copies  filled  up. 

Great  quantities  of  coal  were  shown  to  remain  unworked  and  available  in  certain  smaU  areas,  and 
from  these  it  appetured  that  the  total  quantity  left  unworked  in  this  district  would  turn  out  to  bo 
greater  than  was  at  first  anticipated.  The  main  information  whii^  Mr.  Hartley  expects  to  obtain 
will  be  the  quantity  left  unworked.  The  quantity  won  and  expended  cannot  now  be  asnRffaiinfld 
The  difficulties  met  are  chiefly  financial,  relating  to  the  remuneration  of  persons  empl(^ed  in 
coUectiog  and  furnishing  information,  &c 

Mr.  Vvman  pointed  out  the  difference  between  the  coal  districts  of  South  StafFord^ire  and  some 
other  districts,  and  the  reasons  why,  in  his  opinion,  it  might  be  better  to  use  the  larae  scale  maps 
in  Staffordshire,  though  in  South  Wales  the  small  scale  ordnance  map  might  suffice.  &  some  cases 
it  might  be  absolutely  necessary  to  use  the  large  scale. 

Mr.  Dickinson  explained  the  work  which  had  been  done  in  his  district,  the  nature  of  tiie  country, 
and  the  bearings  of  these  matters  on  the  form  of  the  schedule  which  had  been  circulated.  The  coal 
is  near  the  surface  in  one  district ;  in  other  districts,  as  near  Pendleton,  the  working  are  deep ;  and 
the  depth  has  to  be  considered  in  the  schednle  which  is  intended  to  extract  information  in  all 
districts. 

Mr.  Vivian  sfud  that  in  South  Wales  less  detail  would  be  required.  There  it  would  not  bo 
necessary  to  go  into  much  detail,  even  in  the  old  workings,  which  are  near  the  edge  of  the  basiiL 

Mr.  Geddea  said  that  in  some  parts  of  Scotland  he  oould  take  sections  near  the  edge  of  a  basin, 
and  at  a  pit  sunk  at  some  distance  firom  the  edge,  and  calculate  the  intervening  quantity  of  coal 
with  tolerable  certiunty ;  but  this  rule  did  not  apply  in  other  districts  where  the  coimty  is  &ult64^ 
and  more  details  must  be  got. 

Mr.  Woodh4m8e  pmnted  out  that  great  accuracy  and  much  detail  would  be  necessary  in  soniB 
districts. 

Mr.  Vivia/a  sud  tiiat  in  his  district  South  Wales,  it  would  cost  much  more  time  and  more  money 
than  he  had  estimated  for,  if  the  detail  was  to  be  given  of  old  workings,  &a  He  thought  that  the 
quantity  of  coal  left  in  the  district  which  had  been  partially  worked  near  the  outcrops  at  the  edge 
of  the  basin  was  so  small,  in  comparison  with  the  quantities  which  most  remain  untouched  in  the 
centre  of  the  South  Wales  basin,  that  he  would  be  prepared  to  deduct  that  quantity,  however  great, 
from  the  amonn^  and  for  that  reaaon  he  did  not  thmk  it  necessary  to  go  into  much  detail 

Sir  Roderu^  Murchiaon  asked  whether  the  amount  of  detedl  required  by  Mr.  Hartley  would 
also  be  required  in  the  central  districts  of  England 

Mr.  WoodJimiee  said  that  it  would  not,  and  to  show  what  he  thought  necessaiy  read  the  following 
atatement  of  his  proceedings  so  £eix  : 

"  Goal  Commiasion, 

"  Dear  Sir,  18th  June  1867. 

Anticipating  questions  which  mav  be  asked  at  the  meeting  to-morrow,  I  beg  to  hand  you 
a  brief  outline  of  what  I  am  doing  in  the  coal  fields  of  Yorkshire,  Derbyshire,  NottinghamsMre, 
lidcestershire,  and  Warwickshire.  The  diskict  of  Yorkshire,  Derbyshire,  and  Nottinghamshire  being 
of  considerable  extent,  I  have  divided  into  three  portions,  and  pkoed  the  examination  in  the  hands 
of  three  piactical  pei'scms.  Mr.  Arnold  Lupton,  of  Derby,  takes  tiie  portion  for  investigation  from  the 
neighbourhood  of  Nottingham  to  Chesterfield.  Mr.  T,  W.  JeScook,  of  Sheffield,  commences  at  the 
termination  of  Mr.  Lupton's  district,  and  goes  up  to  the  line  of  the  Deame  navigation.  Mr.  John 
Hammatt,  of  Bamsley,  commences  there,  and  takes  the  remaining  portion  of  the  Yorkshire  field* 
saving  only  a  small  portion  on  the  western  side  of  the  county.  The  investigation  of  the  teal  field 
Leicestershire  and  Warwi<^hire  is  in  the  hands  of  Mr.  G.  Fowler,  of  Ashby  de  la  Zonche. 

"  jlfr.  Lupton  has  made  great  progress  in  the  oollection  and  eompilati<ni    sections  in  the  southern 
portion  of  (he  district.  QeneiaJly,  he  finds  the  owners  and  nuuBBgers  of  most  of  the  odlieries  rerj 
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willing  to  give  every  inibrmatiou.  At  some  of  the  works  tbis  has  not  been  the  case^  but  ultimately  7th  General 
he  will  be  able  to  obtain  all  the  infcmnation  required.  Meeting, 

"  Mr.  Jeffcoch  reports  in  a  eimilar  manner,  and  the  observations  of  Mr.  Lupton  may  apply  to  him.  June  19» 

"Mr.  Mammatt  reports  aa  follows  :— *In  the  district  near  Bamsley,  I  have  ascertained  the  out-  l**^'^- 
crops  of  seven  workable  seams  of  coalj  extending  over  an  area  of  about  700  acresi  and  I  have  also 
obtained  information  respecting  all  the  known  &ult6  and  underground  workings  as  proved  in  eight 
different  collieries  working  the  "Bamsley"  or  "Thick  Coal/'  all  of  which  information  is  recorded 
on  the  six-inch  ordnance  maps  supplied  to  me.  The  outcrop  of  the  Silkstone  coal  with  the  faults  Ma^ 
are  also  marked  over  an  area  of  about  5,000  acres,  with  some  of  the  undeiground  workings  in  that 
Beam.  In  the  Ijeeds  and  Morley  district  I  have  inspected  plana  and  sections  extending  over  2,000 
acres,  and  have  recorded  the  information  obtained. 

"  *  I  have  engaged  the  temporary  services  of  Mr,  J.  Muckle,  of  Cross  Qates,  near  Leeds,  and  of 
Mr.  "Wormald,  of  Churwell,  near  Ijeeds,  to  assist  me  in  the  Leeds  district. 

"  'I  have  ^Bo  made  copies  of  all  the  sections  I  could  obtain,  whether  sinkings  or  borings,  and 
intend  to  make  drawings  of  the  same  to  a  scale  of  40  feet  to  an  inch,  with  a  view  to  identify  if 
possible  the  various  seams  of  c(»l,  and  to  show  where  they  alter  their  nature  and  become  either 
unworkable,  or  are  lost  m  other  seams.' 

"  Mr.  Fowler  re^Tia  as  follows: — *The  bulk  of  the  information  relative  to  workings  in  the 
different  seams  has  been  collected,  and  much  of  it  mapped  on  the  ordnance.  Where  plans  exist, 
they  have  with  one  ar  two  exceptions  been  shown  ;  the  principal  difficulty  has  been  to  determine 
the  extent  of  ai  i-lc^t  workings  in  upper  seams,  many  of  which  are  now  not  in  work,  and  of  which 
no  reccrd  was  kept.  Fortunately  these  workings  never  extended  &r  into  the  deep,  so  that  the 
acres  worked  are  small  in  reference  to  the  total  extent  of  the  seams.  With  some  of  the  small  seams, 
there  will  be  difficulty  in  mapping  them,  as  they  vary  considerably  in  different  shafts.  Some  of 
the  lower  seams  have  only  a  limited  range,  and  it  will  not  be  easy  to  lay  down  the  precise  area 
of  them.  The  sectional  information  through  the  whole  district  has  been  collected  and  laid  down. 
There  is  frequently  an  unfortunate  disparity  between  the  thickness  of  a  seam  as  measnred  in  the 
shaft  when  sunk  through,  and  the  thickness  eventuaJly  worked.  The  top  and  bottom  of  a  seam  is 
generally  batty  and  wwthless,  yet  in  the  sections  it  is  commonly  measured  as  part  of  the  seam.  It 
may  be  anticipated  that  the  inquiry  will  be  completed  in  the  current  year." 

<*  Wakwickshibe. 

"  This  inquiry  is  not  in  quite  so  forward  a  state  as  the  Leicestershire,  but  it  is  progressing 
&.vourabIy.  The  sections  of  the  whole  district  are  laid  down,  a  given  seam  being  taken  as  an 
horizon,  and  they  suggest  on  inspection  many  curious  inquiries. 

*'  Some  of  the  workings  in  different  seams  have  been  mapped.  Much  information  has  also  been 
collected,  but  not  yet  mapped. 

"  There  will  be  no  difficulty  in  completing  the  inquiry  by  Christmas. 

"  All  these  inquiries  it  will  be  understood,  have  been  directed  to  mines  of  coal  lying  either  outside 
the  Permian  fbrmation  or  where  the  seams  are  positively  proved  under  those  strata.  As  soon  as 
the  maps  are  completed,  the  aid  of  the  geologists  will  be  ropjired  to  decide  upon  the  estimated 
quantities  of  coal  were  its  existence  under  the  new  formation  is  not  indicated, 

I  am,  dear  Sir, 

"  F.  J.  Campbell,  Esquire,  Faithfully  yours. 

Room  G.  John  Th.  Woodftouse." 

House  o£  Lords." 

Aft^r  a  conversation  which  embraced  a  number  of  subjects,  including  the  effect  of  g^nstone  on 
certain  heds  of  coal,  and  the  economical  result,  the  geology  of  certain  seams,  and  various  other 
matters,  it  was  decided : 

Minute  1. — That  Mr,  Sartley  aktdl  be  atUkoriaed  to  prooeed  on  tke  plcm  i-ndicated  by  him,  taking  Maps,  he. 
no  more  seoHona  <md  giving  no  more  dekiiU  than  he  in  kia  diaeretion  shaU  ihiTiJk  necessary* 

An  understanding  was  come  to,  that  members  of  the  Commission  who  have  undertaken  work  in 
separate  districts  must  exercise  their  own  discretions  in  carrying  it  out  with  a  due  regard  to 
accuracy,  but  no  formal  decision  was  arrived  at. 

S.  Professor  Jukes  produced  a  section  made  under  ground,  for  the  purposes  of  Committee  D,  Sections, 
which  he  explained  to  the  meeting.    He  stated  that  the  cost  would  be  about  10?.,  that  the  infor- 
mation obtained  was  exceedingly  valuable,  and  that  to  obtain  it  now  might  cost  a  thousand  pounds, 
as  the  workings  where  the  sections  was  made  became  inaccessible  a  few  days  after  the  drawing 
was  made. 

Minute  2. — It  was  de&ided  that  CoTrmdttee  D.  shaU  pay  for  this  section  from  the  sum  estimated 
for  by  <A«m,  if  they  think  proper, 

3.  With  reference  to  GircvZarSf  Mr.  Woodhouse  stated  that  many  witnesses  would  prefer  to  give  Circulars, 
their  evidence  viv&  voce,  for  reasons  stated.    "  It  did  not  seem  possible  to  reply  so  as  to  cover  the 
whole  subject  raised  by  one  question,  kc" 

The  Secretary  sud  that  he  had  received  replies  to  the  drculars  issued  by  him  from  one  gentleman 
only,  and  he  produced  a  printed  copy  of  it  as  a  specimen  for  approval. 

Professor  Bamsay  stated  that  he  had  got  answere  from  two  gentlemen  only. 

Oth&r  Twmhera  stated  that  many  persons  on  getting  circulars  from  the  different  committees  had 

18489.      y9l.II.  £1 
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7th  General  beon  alarmed  at  the  amount  of  work.  Some  had  refused  to  do  anythiii^,  others,,  on  the  contrary. 
Meeting,  inui  expressed  their  wiUiBgnees  to  g^ve  any  information  in  their  power.  Some  had  complained  that 
Juno  19,  jjg^       heen  furnished  with  copies  of  all  the  circulars  issued. 

^^^*  Qm&rally  the  members  had  found  great  readiness  amongst  coal  proprietors  and  others  interested 

in  coal  mining  in  ^ving  information^  and  all  expect  to  be  able  to  produce  a  valuable  result  within 
a  comparatively  short  tim& 

Mr.  Ha/rUey  thought  that  be  could  obtain  the  required  informatiou  within  six  months  in  his 
district. 

Mr.  Woodhouae  expects  to  finish  his  work  in  about  a  year,  and  not  to  exceed  his  estimate. 
Mr.  Oeddes  does  not  expect  to  report  before  the  end  of  the  year. 

After  some  conversation  this  subject  was  dropped,  without  any  formal  decision.  There  seemed 
to  be  a  general  understanding  that  no  meetings  should  be  called  to  examine  witnesses  this  session. 
Few  of  the  witnesses  are  in  town,  in  consequence  of  the  state  of  parliamentary  business  and  the 
lack  of  railway  and  other  engineering  work  in  committee  rooms.  It  would  be  expensive  to 
summon  professional  men  for  the  purpose,  and  the  members  themselves  are  not  to  be  in  town. 

4.  Professor  Ramsay  produced  a  large  geological  section  on  the  vertical  and  horizontal  scale 
of  six  inches  to  the  mile,  across  the  plains  of  Cheshire,  drawn  by  himself  with  the  assistanoe 
of  persons  acquainted  with  the  geology  of  the  district,  and  compiled  from  papers  read,  and  from 
other  sources  of  information  obtained  through  the  geological  survey.  The  dips  and  thicknesseB 
of  rocks  at  the  surface  had  been  obtained  by  compass  and  clinometer,  and  the  inferences  drawn 
were  founded  on  data  which  are  accepted  as  geological  evidence  on  which  to  found  conclusions. 
The  chief  conclusion  arrived  at .  is  that.  In  the  centre  of  the  basin,  tlu  Permi&a  rocks  probably 
average  from  4,000  to  5,000  feet  in  thickness.  Before  coal  could  be  won,  a  shaft  a  mile  deep 
might  have  to  be  sank,  and  it  is  impossible  to  say  what  rocks  may  underlie  the  Permian  in  the 
centre.  Further  south  in  the  same  district,  the  Permian  rocks  probably  attain  a  greater  thickness. 
Permian  rocks  often  rest  on  rocks  which  are  older  than  the  ooal  measures. 

After  a  conversation  in  which  Sir  Roderick  Murchison,  Mr.  Vwiaaif  Professor  Jukes,  the 
Chairmwii,  Mr.  Dickmson,  and  other  members  joined,  it  was  decided  that  it  was  highly  desirable 
to  have  more  sections  of  like  kind  made,  and  that  Committee  D  should  select  from  these  as  many 
as  they  should  think  necessary  for  illustrating  their  branch  of  the  subject.  These  to  be  reduce^ 
to  form  part  of  the  report  when  published. 

A  member  inquired  what  might  be  the  cost  of  preparing  this  section.  Professor  fiamsay  said, 
"  Nothing,  as  he  had  made  it  himself." 

5.  Mr.  ffiiTvt  read  a  statement  ebowing  the  progress  of  Committee  E  (mvnercU  statistics)^  from 
which  it  appeared  that  a  vast  amount  of  information  was  coming  in  from  all  quarters. 

6.  Mr.  Woodhouse  and  Mr,  Dichmaon  gave  in  accounts  amounting  to — 

se  8.  d, 
414   6  10 

99    5  8 


513  12  6 


which  were  paid  by  cheque,  and  which  exhausted  the  sum  in  hand. 
The  Secretary  was  authorized  to  ask  for  an  advance  of  money. 

7.  It  was  decided  that  the  Chairman  shall  summon  another  meeting  when  any  member  shall 
tiiink  it  necessary  to  hold  one;  and  that  in  the  meantime  the  several  committees  and  tiie  members 
who  have  undertaken  local  work  may  proceed  with  their  several  branches  of  the  inquiry  as  they 
have  done  hitherto. 

8.  Mr.  Hartley  asked  about  reporting  in  newspapers,  &c — It  was  ae^^M  that  nothing  should 
he  puhlished  in  the  meoTitime,  and  that  aU  applicants  for  inforTnation  as  to  the  prooeed4.7iga 
of  the  Commieaion  ahoidd  he  told  that  nothing  had  as  yet  been  decided  wkiok  <mUd  be  made 

Note. — The  Secretary  will  he  exceedingly  obliged  to  the  members  if  they  will  point  out 
any  errors  which  he  may  have  made  in  this  attempt  to  catch  the  drift  of  the  proceedings* 
Any  sitch  errors  can  be  corrected  qfier  the  next  meeiingt  or  be/ore  it  if  a  corrected  proof 
be  returned. 

June  29.  The  accounts  so  far  were  sent  to  the  Home  Office, 

The  expenditure  of  the  Commission  to  this  date,  so  Jar  as  it  has  been  communicated  to 
the  Secretary, 

£    s.  d, 

amomits  to  -  -  -  -  756  5  6 
Balance  in  hand     -         -         -      0  3  1 


Sums  advanced  by  the  Treasury     -   756   8  7 

As  to  expenditure  and  accounts,  members  are  reqitested  to  refer  to  the  correspondence 
with  the  Home  Office  and  Treasury,  of  which  printed  copies  are  in  these  Minutes,  The 
letters,  especially  those  on  pages  27,  28,  and  29,  and  the  estimates,  page  furnished  by 
members,  will  show  what  has  been  sanctioned  by  the  Treasury,  and  what  they  require, 

3rd  March  1868.  (Signed)  Abgtuv^ 
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The  Secretary,  having  been  directed  by  the  Chairman,  summoned  a  general  meeting 
by  the  foUowing  Circular. 

Coal  Commission, 

Committee  Boom  Q, 
House  of  Lords, 

Sib,  February  18  1868. 

I  am  directed  by  the  Chairman  to  inform  you  that  a  general  meeting  of  the  Coal  Commis 
sion  will  be  held  here  on  Tuesday,  March  Srd,  at  noon,  to  enable  membera  to  communicate  the 
result  of  their  labours,  and  for  general  purposes. 

It  will  &cilitate  buoness  if  each  member  will  send  or  bring  with  him  a  short  statement^  to  be 
printed  with  the  rest  of  the  Minutes,  and  I  venture  to  suggest  the  following  heads : 

1.  Estimated  expenditure^  as  stated  pages  18  to  25  of  the  printed  Minutes, 

February  13,  1867   £ 

2.  Sum  expended  to  December  31,  1867     -  -  £ 

3.  Brief  statement  of  the  work  done. 

4.  Estimated  time  required  for  the  completion  of  this  part  of  the  work  of  the  Commission. 

I  surest  these  heads  because  this  information  has  been  sought  by  the  Qovemment,  and  because 
it  ^rill  enable  members  to  compare  their  work  if  they  report  in  the  same  form. 

If  members  will  bring  or  send  their  accounts  to  the  end  of  1867,  I  wUl  apply  to  the  Treasury 
for  fimds,  and  pay  them  as  soon  as  posdble. 

I  am,  Sir, 

Your  obedient  servant, 
J.  F,  Campbell, 
Secretary. 


EIGHTH  OENEBAIi  HEETZNG,  Tuesday,  March  3, 1868. 

The  Commission  met  at  noon.  „  , 

Stih  General 

Present,  all  the  members,  except  Mr.  Vivian  and  Mr.  Clark,  who  were  unable  to  attend  for  Meeting. 

the  reasons  assigned  below. 

1.  The  minutes  of  last  meeting,  which  have  been  circulated,  were  taken  as  read  uid  were  signed 

by  the  Chairman. 

2.  The  Secretary  produced  the  following  copy  of  his  letter  to  tiie  Chairman,  tmd  reported  that 
there  were  no  arrears  of  business  in  his  departoaent : — 

Mt  Lohd  Duke,  February  17,  1868.  Secretary. 

SiNOS  July  20,  1866,  the  Coal  Commission,  of  which  you  are  Chairman,  have  drawn  from 
the  Treasniy  throng  me  3,2562.  89.  7c2.,  of  which  707^.  Ss.  6d  remain  in  my  hands. 

The  money  E^pent  has  bm  paid  chiefly  to  Commissioners,  who  have  rendered  accounts  which 
have  been  sent  regularly,  through  the  Home  0£Sce,  to  the  Treasury  fbr  audit  and  approval 
On  the  13th  of  February  1867*  the  Commissioners  had  sent  in  estimates  of  expenditure  to  the 
amount  of  16,1282.  4fi.  0^.,  which  the  Treasury  sanctioned.  No  further  estimates  have  been  sent 
in,  but  I  do  not  expect  that  the  work  will  be  finished  for  less  than  20,0002.  In  eleven  districts 
Commissioners  are  estimating  quantities  of  coal  worked  and  unworked ;  I  know  that  some  have 
done  a  great  deal,  and  I  believe  that  all  are  busy.  Some  expect  to  finish  their  part  this  year ; 
others  have  menti<med  two  years  as  the  posedble  time  necessary  for  the  completion  of  tiieir  part 
of  the  work. 

The  Chairmen  of  Committees  A,  B,  C,  D  have  not  communicated  with  me  since  last  meeting, 
June  19th,  1S67.   Committee  £  have  collected  a  vast  amount  of  statistics  at  a  small  expense. 

It  is  proposed  to  call  a  general  meeting  fbr  the  3rd  of  March,  to  enable  members  to  communicate 
the  nsiit  of  their  labours,  and  for  general  busroesB. 

I  am,  &ic.. 

His  Grace  4^e  Dnke  of  Aigyll.  J.  F.  Campbell  Secretary. 

3.  The  DvJce  of  Argyll  called  on  the  Churmen  of  the  Committees,  who  reported  as  follows : — 

A.  8w  W.  Armsifrong  sud  that  nothing  had  been  don^  but  that  he  had  read  a  great  deal  on  CommitteeB. 
the  subject^  and  tiiat  in  his  opinion  evidence  should  be  taken  viv&  voce,  possibly  after  Easter. 

He  will  inform  the  Secretary. 

B.  Dr.  P&rcy  and  Mr.  Ha/rUey  reported  to  the  same  eflfect 

C.  Mr.  Di^ifMoi^  thought  that  the  Committee  should  take  evidence  vivi  voce  after  Easter,  and 
when  the  guamHtieB  of  coal  worked  cmd  unworked  have  been  better  ascertained.  He  had  directed 
his  own  attention  chiefiy  to  this  branch  of  the  inquiry,  as  he  would  show  presentiy. 

D.  Si/r  Roderick  Murchison  called  on  Professor  Ramsay  to  show  the  progress  made  by  this 
Committee, 

Professor  ^^msay  re^ninded  the  meeting  of  a  large  section  which  he  produced  at  the  last     26,  4. 
meeting  {^page  26,  M^tf;te  4.),  which  was  intended  to  show  the  probable  depth  at  which  the 
coal  measures -might  be  found  under  the  Permian  rocks  fn  Cheshire,  and  which  he  had  coloured. 
Since  then  he  haa  prep^Tfa'^^t  number  of  umilar  sections,  made  on  the  same  principle,  but 
with  the  lines  marked  hi  pendil  bnly,  and  uncoloured.    Hiese  he  prop<»ed  to  lay  before  the  Com- 
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8th  General  iDitfcee  for  their  consideration,  and  he  proposed  to  have  them  coloured,  according  to  the  opinion 
Meeting!,  Rt  which  the  Committee  may  anive  after  deliberation.  In  proof  of  the  accuracy  with  which 
Murch  3,  depths  may  be  calculated  from  geological  evidence,  he  stated  that  a  pit  had  been  sunk  to  a  coal 
1S6S.  seam  under  Permian  rocks  near  Newstead,  and  that  the  coal  seam  heA  been  found  at  the  distance 

from  the  sur&ce  which  was  marked  on  a  previously  published  geological  section,  made  from 

geological  data  collected  by  the  Survey. 

Professor  Jukes  referred  to  tbe  section  mentioned  above  (page  25,  Minute  2.),  and  said  that  he 

had  done  similar  work. 

Sir  Roderick  MurdiUon  said  that  sinkings  made  at  the  south  end  of  the  South  Stafibrdsfaire 
coal  field  show  that  you  come  in  that  district,  not  to  productive  coal  measures,  but  to  Silurian 
rocks,  thus  proving  that  the  view  maintained  by  him  was  correct,  namely,  that  a  ridge  of  the 
older  rocks  extending  from  the  West  to  the  East  will  in  all  probability  exclude  the  hypothesis  of 
coal  being  found  in  any  of  the  country  to  the  south  of  that  line. 
Coal  in  the  Roderick  then  handed  to  the  members  copies  of  a  paper  communicated  by  him  to  the 

soath  of       OeoIo&:ical  Section  of  the  British  Association  at  Nottingham  1866,  and  extracted  from  the  tran 
England.       sactions  of  that  body.    This  memoir  was  entitled  "  On  the  parts  of  England  and  Wales  in  which  coal 
may  and  may  not  be-Iooked  for  beyond  the  known  coal  fields." 

Mr.  Prestvyich  produced  a  number  of  geological  sections  which  bear  upon  the  subject  of  this 
Committee.  After  some  further  conversation,  it  was  determined  that  a  meeting  of  this  Committee 
shall  be  held  at  the  Museum  in  Jermyn  Street  on  the  4th,  at  1  p.m. 

E.  Sir  Roderick  Mvrchison  called  on  Mr.  ffunt,  who  handed  in  the  following  report  which 
he  had  prepared,  and  a  copy  of  the  mineral  statistics  of  the  United  Kingdom  of  Great  Biitaiu  and 
Ireland  for  the  year  1866,  published  in  1867'  Mr.  Hunt  further  exhibited  specimens  of  the  returns 
in  manuscript. 

Circular  forms  have  been  sent  to  the  proprietors  or  workers  of  3,205  collieries,  asking  information, 
as  to  their  produce,  and  the  distribution  of  the  coal.  Returns  have  been  received  from  about  one 
half  of  those,  giving  much  detailed  information.  The  colliery  districts  of  ScoUand,  of  Ihirham 
and  Northumberland,  of  Yorkshire,  of  Somerset  and  Gloucester  have  been  visited,  and  for  those 
districts  the  returns  are  nearly  completed. 

Circular  forms  have  been  sent  to  the  registei'cd  proprietors  of  every  Britisb  steamer,  amounting 
to  2,800,  inquiring  the  quantities  of  coals  used  by  them.  Returns  have  been  recdved  up  to  the 
present  time  from  rather  more  than  one  third  of  those. 

Every  coal  carrying  railway  in  Great  Britain  has  been  communicated  with.  These  have  furnished 
the  most  complete  returns  of  their  coal  traffic,  with  the  exception  of  two,  and  returns  are  promised 
from  these. 

The  steam  power  employed  m  the  United  Kiingdom  and  ike  coals  used, — This  extensive  subject 
has  been  attacked.  From  the  manu&cturers  of  Glasgow  nearly  1,000  returns  have  been  obtained, 
answering  all  inquiries.  Bradford,  Hali&x,  Leeds,  Birmingham  have  furnished  much  information 
on  this  point,  and  the  coals  used  in  the  engines  on  our  collieries  have  been,  to  a  gi%at  extent, 
supplied,  and  also  the  coals  used  in  the  pmntnng  engines  of  the  Cornish  mines.  This  portion  of 
the  inquiry  is  a  vast  one  and  will  occupy  mu(m  tmie. 

The  large  raanufiicturers  have  been  asked  to  frimish  the  quaatitiea  of  coals  they  use.  They  have 
responded  very  freely  to  our  applications,  and  our  returns  are  greaUy  advanced  for 

Iron,  pig  and  bar  manufacture, 
Alkah  and  salt  works, 
Chemical  works. 
Dyers,  and  several  others. 
The  Chambers  of  Commerce,  where  they  have  been  applied  to,  express  their  readiness  to  afibrd 
every  assistance. 

As  to  the  duration  of  the  inquiry,  involving  as  the  sectioa  g^ven  in  chaj^e  of  Committee  E.  does, 
a  complete  examination  of  the  manu&ciure  and  commerce  of  this  country,  it  does  not  appear 
possible  to  complete  our  report  in  less  thui  eighteen  months  from  the  prwent  time.  To  do  this 
the  ^d  of  a  derk  will  be  required  to  enter  in  a  systanatic  fbrm  tbe  large  returns  which  we  axe 

receiving. 

Roderick  I.  Hvbchisok, 

Chairman. 
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EXPENDITUBB  OF  COHHZTTBE  E 
Mineral  Statistics. 


Estimaie  for  the  Tear  ending 
3l8t  March  1867. 


Travelling 

Allowance 

Assistance 

Posti^ 

Sundnes 


£  8,  d, 

100  0  0 

190  0  0 

50  0  0 

SO  0  0 


370    0  0 

Part  of  estimate  not  expended  March  6t|]»  1868 


Expended  at  the  end  of 
December  1867. 


£   a.  d 

93  19  11  - 

188   6  0  - 

70   7  0  + 

34  17  4  + 

2   7  6 

339  19  7 

80   2  S 


£  8.  d, 
6   0  1 
51  14  0 
20   7  0 
4  17  4 
2  7  6 
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March^  1868.         8th  General 

Satimatefor  the  yecvr  ending  Slst  JtforcA  1869.  J'®*'*"!' 

March  3, 

Travelling  expenaeg  and  personal  allowance  while  engaged  on  ih&     £    »,   d.  1868. 
inquiiy  -  -  -  -         -  -  -300    0  0 

Assistance  in  issuing  circulars,  tabulating  retums>  &C.  -  200    0  0 

Postages         -    ■  -  -  -  .     50  00 

Total  -         -         -  -  -   660    0    0  650/. 


The  Secretary  was  directed  to  make  application  to  the  Treasury  for  sanction  to  employ  derical  Clerical 
assistance  for  the  purpose  of  accelerating  this  branch  of  the  inquiry,  which  has  made  considerable  assistance, 
progress,  and  which  entails  a  vast  lunount  of  labour  on  the  persons  who  are  engaged  in  it. 

The  snpplemeoital  estimates  are  to  be  added  to  those  already  sent  in. 

The  Secretairy  reported  that  the  circulara  which  he  had  sent  out  for  Committees  A,  B,  C,  D  had  p.  25, 
not  been  returned  to  him  except  as  above  stated.    {Page  25,  Minute  3.)  Minute  3. 

(4.)  The  Duke  of  Argyll  then  called  on  the  gentlemen  whose  names  appear  on  'page  14,  and 
tbeir  written  reports  were  ordered  to  be  printed  and  circulated  with  the  rest  of  the  proceedings. 
No  report  was  sent  by  Mr.  Vivian,  for  the  reason  assigned  below. 

QtumtUies  of  Coal  worked  and  unworhed.   Progress  made.   Cash  expended  and  estimates.        p.  14. 

Dowlais  House,  Merthyr  Tydvil, 
Sib,"  2d  March  18.68. 

I  HAVE  to  acknowledge  the  i*eceipt  of  your  letter  of  the  18th  ultimo,  appointing  the  3rd  of  Mr.  Clark, 
the  present  month  for  a  meeting  of  the  members  of  the  Coal  Commission.   I  regret  that,  being 
Shenif  for  my  County,  my  duties  preceding  the  assize  will  prevent  me  from  attending  in  London 
on  that  day. 

With  reference  to  tiie  particulars  asked  for  in  your  letter,  1  have  to  state, — 

1.  That  I  see  no  reason  materially  to  alter  the  estimate  of  expenditure  contained  in  my  letter 
to  you  of  the  26th  January  1867,  and  printed  at  p.  15  of  the  minutes. 

2.  Up  to  the  Slst  December  1867  I  had  actually  expended  nothing,  but  had  incurred  chaiges 
to  the  amount  of  about  250Z. 

3.  The  work  executed  is  composed  of  a  great  number  of  plans  and  sections,  showing  the  line 
of  the  crops  of  the  several  coal  seams  and  their  depths  and  titickness  in  shafts  and  borings. 

This  work  relates  chiefly  to  the  northern  and  southern  parts  of  the  eastern  half  of  the  South 
Wales  Coal  Field,  and  to  the  openings  that  have  been  made  since  the  publication  of  the  Ordnance 
Geoloi^cal  Maps  of  the  district. 

The  work  has  been  and  continues  to  be  attended  with  considerable  labour,  the  plans  being  often 
minute,  and  the  sections  having  to  be  reduced  to  a  common  scale,  and  often  from  the  oblique  to 
the  yeriical. 

4.  The  present  yew*  will,  I  expect,  see  the  completion  of  the  whole  work,  but  upon  this  point 
I  cannot  speak  positively  in  the  absence  from  England  of  my  colleague,  Mr,  Vivian,  who  has  met 
with  a  severe  domestic  amiction. 

1  shall  be  obliged  to  the  Government  to  supply  me  with  the  sum  of  260?,,  upon  the  receipt  of  260/. 
which  I  sh^l  be  in  a  position  to  obtain  and  forward  to  you  vouchers  showing  how  the  money 
win  then  have  been  expended. 

I  remain,  sir, 

J.  F.  Campbell,  Esq.,  Your  obedient  Servant, 

Secretary.  Qeo.  T.  Cubk. 


Meeting  3rd  March  1868. 

1st.  The  estimated  expenditure  for  the  ensuing  year  is  comprised  by  the  previous  estimate  on  Mr.  Dickin- 
pagel4.  son. 

2nd.  The  sum  expended  to  December  Slst  1867,  is  aa  follows :  £  a,  d. 

Quarter  endix^  31  Hai-ch.  99  6  8 

„          30  June.  T    iBii  q  « 

30  September.  J"    ^^U  9  6 

„         31  December.  310  8  7 


660   3  9 


Srd.  Of  the  part  assigned  to  me  to  asoertain  the  quuitity  of  ooal  wrought  and  anwroaght. 
The  Forest  of  Dean  is  done. 

r  Anglesey       „  in  progress. 
North  Wales  <  Flintshire      „  not  fim-ly  b^^n. 

[,  Denbighshire  „  fully  one  third  done. 
Cheshire  „  about  one  third  done. 

Lancaahire  „  about  one  t&xj^  done. 
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8th  Gamal  In.Bome  parte  of  the  districts  a  strong  feeling  exists  lest  the  returns  may  be  published  in  such  a 
Mart*  "^^y  ^  ^  interfere  with  private  interests.    Several  of  the  maps  showing  the  coal  wrought  are 

1868.  required  to  be  confidential ;  and  the  returns  for  13  of  the  townships  completed  in  Lancashire  have 

the  condition  attached  tliat  "  these  returns  are  to  be  considered  as  absolutely  confidential,  and  it 
is  understood  that  no  pait  of  them  will  be  published  in  their  present  form,  but  that  they  will  be 
grouped  witii  other  districts  sufficiently  comprehensive  to  predude  any  attempt  to  analyse  them 
m  detail* 

• 

The  Lancashire  and  Cheshire  Coal  Association,  as  a  body,  decline  to  furnish  the  information  which 
they  poBsesSf  or  to  answer  the  questions  which  have  been  issued  by  the  Commission.  The  want 
of  co-operaUon  thus  interposed  is  to  be  regretted ;  but  so  fiir  as  it  applies  to  ascertuning  the 
quAutity  of  coal  wrought  and  unwrought  it  appeals  to  be  counterbalanced  by  tiie  friendly 
assistance  rendered  by  the  individual  members  of  the  association,  who  are  not  bound  by  tiie  vote 
of  the  body,  and  by  others,  including  some  of  the  principal  royalty  owners  ;  and  when  the  time 
comes  for  obtaining  Uie  required  evidence  to  which  the  questions  point  competent  witnesses  will 
probably  be  found. 

4th.  In  some  of  the  instances  the  information  as  to  the  coal  wrought  and  unwrought  has  been 
Punished  complete  for  one  or  more  townships  by  individuals.  But  in  others  only  a  part  of  a 
township  has  been  done ;  whilst  others  only  point  out  to  me  on  the  map  what  coal  has  been 
wrought  leaving  me  to*  work  out  and  digest  ihe  total.  A  htrge  portion  of  my  own  time  is 
tiier^nre  indisp^sable ;  and  it  will  take  at  least  another  year  before  the  whole  can  possibly  be 
completed. 

Joseph  Dickinson, 

ConuniBsirauora 


Newxastle-on-Tyne, 

Sib,  March  2nd,  1868. 

M  F    ter  accordance  with  the  request  contained  in  your  letter  of  the  18th  February  last^  we  now 

andlb^El-  hand  you  the  following  statements  relative  to  the  Northumberland,  Cumberland,  and 

]jo^     '        Durham  coal  districts,  the  investigation  of  which  has  been  assigned  to  us. 

Firai — *'  Estimated  ezpenditure." 
This  has  already  been  fumished  by  Mr.  T.  E.  Forster. 

Second. — "Sum  expended  to  Slst  December  1867." 
See  statement  hereto  annexed,  the  cunonnt  being  1932. 19s.  lOd. 

Third. — "  Brief  statement  of  work  done." 

Coloured  sections  of  strata  in  the  coal  fields  of  Durham  and  Northumberland  in  several  districts^ 
and  sending  out  322  circularB  with  tabula^  fonns  to  the  various  coal  owners,  75  of  which  only 
have  been  returned  filled  up. 

Note. — From  the  above  it  will  be  observed  that  the  plan  adhered  to  for  the  purpose  of  obtaining 
the  necessary  preliminary  information  was  that  of  sending  ont  circulars  to  the  coal  owners.  Thia 
plan,  we  regret  to  observe,  has  been  unsuccessful,  and  we  have  come  to  the  conclusion  that  the  only 
way  to  get  the  work  done  effectually  is  to  employ  a  competent  staff  of  persons  to  obtain  the 
necessary  information  under  our  directions. 

Fourth.—"  Estimated  time  required  for  the  completion  of  this  part  of  the  work  of  the  Comm&sion.'' 

The  eneigy  we  propose  devoting  to  the  work  will,  we  think,  enable  us  to  complete  it  within 
the  present  year. 

We«e.Sir, 

J.  F.  Campbell,  Esq.,  Your  obedient  servants, 

Sewetary,  Thos.  E.  Fobsteb. 

Ccal  Commission.  Oeqboe  Elliot. 

The  Seffreta/ry  vxm  deawed  to  B&nd  a  ^lowaflod  pownda  on  aocownt  to  ti^  CcmmM^WMftB,  i» 
GompUance  vnth  the  foUounng  letter : — 

cinni        DeAB  SiB, 

1 0001,  -^j,       ^1  obliged  if  you  will  procure  for  us  one  thousand  pounds  to  enable  us  to  defiray 

the  expenses  inearred  in  Northumberland,  Cumberland,  and  Durham,  in  relation  to  the  Coal 
Commission. 

Yours  truly, 

J.  F.  Campbell,  Esq.  George  Elliot. 

Thos.  £.  Fobsteb. 

Srd  Match  1868. 

The  Utter,  being  on  order  for  mone^,  iehepthyUis  Secretary. 
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2Sk  Qieat  George  Street,  8th  Generftl 

WeatmiDBter,  London,  Meetings 
Sib,  February  29th,  1868.     March  8, 

In  comf^nce  with  your  letter  of  the  IStii  instiuitf  I       to  hand  you  the  following  state- 
meats  relative  to  the  North  Staffordshire  coal  district^  which  has  been  assigned  to  me  for  investi-  Mr.  Elliot 
gation 

First — **  Estimated  Expenditure." 

I  estimate  the  expenditure  for  tiie  iuTestigation  of  the  North  Staffordshire  coal  district>  firom 
•the  commenoement  to  its  completion,  to  be  1,3002.,  under  the  foUowing  heads : — 

£     e.  d. 

a.  Two  mining  engineers  to  direct  and  check  the  work,  and  to  be  engaged  in 
personally  inspecting  the  various  beds  of  coal,  and  investigating  the  workings 
of  the  district,  150  days  at  SI.  per  day  -  -  -  ,        450   0  0 

(.  Local  viewers,  60  days  at  2L  per  day  -  -  -         -  10000 

c  Other  persons : — Surveyors  and  draughtsmen,  200  days  at  11.  per  day ; 

copying  clerks  60  days  at  7«.  per  day  -  .  -  .        217  10  0 

Unforeseen  expenses  -  .  .  .  -  106    0  0 

d.  Travelling  expenses  of  engineers    ...  -  -        227   0  0 

«.  My  own  travelling  expenses  and  aUowsnces  as  unpaid  Commissioner  -       200   0  0 

dei,300   0  0 


Second.— "The  'Sum  expended  to  December  31st,  1867/" 

Minix^  engineers'  amount  of  time  and  expenses,  90  days  at  3^  per  day  -        270    0  0 

TraveUing  expenses    -             -             -             -             -  --98  16  0 

Surveyors'  and  Draughtsmen's  time,  138  days  at  11.  per  day            -  -        138    0  0 

Travelling  expenses    -             -             -             -             -  --14  80 

Coal  viewer's  time,  12^  days  at  22.  per  day       -            -            -  -         24  16  0 

Maps  and  stationery               -            -            -            -  --57  10  0 

CSerks  and  otiier  assistants,  28  days  at  7«.  per  day           -            -  -           9  16  0 

Total  expenditure  up  to  Slst  December  1867         -  -      d^613   4  0 


Third.—"  Brief  statement  of  the  wozk  done.'* 

This  district  contains  upwards  of  40  different  seams  of  coal  and  ironstone,  which  have  been 
proved  and  more  or  less  worked. 

The  ironstone  bands  are,  for  the  most  part,  associated  with  seams  of  coal ;  and  the  coal  and 
ironstone  in  such  cases  are  worked  simultaneously. 

The  aggregate  thickness  of  coal  within  a  depth  of  1,700  yards,  from  the  top  to  the  lowest  seams, 
exceeds  130  feet 

The  inclination  of  the  mines  is  very  variable,  being  in  some  parts  vertical  and  in  other  parts  of 
the  district  nearly  horizontal 

This  &ct,  combined  with  other  drcumstances,  Bucli  as  the  various  dianges  in  the  direction  of 
the  dip,  the  great  number  of  faults  which  traverse  the  district  in  eveiy  possible  direction,  the  unusual 
number  and  great  thickness  of  the  seams  of  coiJ,  render  this  investigation  exceedingly  intricatci 

The  engineers  I  have  engaged  to  carry  out  inquiry  possess  an  adequate  kiiiowledge  of  the' 
extent,  condition,  and  practical  working  of  the  coe^  fields,  and  they  have  used  every  means  to 
expedite  the  work  and  ensure  accuracy. 

All  tbe  material  portion  of  the  coal  field  is  represented  by  Mr.  Cope's  map  and  sections,  of  12 
chains  to  tbe  inch,  which  embraces  an  area  of  31,231  statute  acres ;  aiid  this  map  and  sections  will 
accompany  the  statements  of  quantity. 

It  has  been  found  convenient  to  divide  this  area  into  four  distiicts,  in  order  to  avoid  confusion 
in  defining  the  several  seams;  such  division  having  been  made  in  aooordance  wxtii  the  more 
prominent  ^eol<^cal  features  of  the  nd^bourhood. 

The  distncts  are  delineated  upon  the  plan  referred  to  and  may  be  Uteially  defined  aa  follows : — 


Acres. 

Na  1  district,  Norton,  Biddulph,  Burslem,  Hanley,  and  Tunstall,  comprising  12,630 
„  2   do.,    Eid^^ve  and  Chesterton,  comprimng  -  6,138 

>,  3    do.,    Silverdale  and  ApedfJe,  comprising  -  ...  6,638 

„  4   do.,     Longton  and  Bucknall,  comprising      ....  6,825 


Total      -  -  31,231 


The  working  plans  of  all  this  district  have  been  examined,  and  a  careful  computation  of  the  coal, 
"worked  and  unworked,  haa  been  made  from  the  most  reliable  data  which  is  attainable. 
Tbe  results  have  be^  entered  in  the  printed  fbrms  supplied,  and  are  now  completed. 
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This  is  the  extent  of  the  work  done ;  and  I  may  state  that  it  has  been  a  subject  of  consideration 
whether  maps  of  each  seam  should  be  made  in  accordance  with  the  minutes  of  the  meeting  of  the 
13th  February  1867. 

Snch,  I  find,  would  very  greatly  increase  the  cost  of  the  inquiry,  and,  owing  to  the  disturbed 
nature  of  the  sti-ata,  they  would  not  proportionately  add  to  the  information  already  obtained. 

A  great  number  of  working  plans  would  require  to  be  reduced  to  an  uniform  scale^  and,  as  some 
of  those  plans  could  not  be  readily  obtained  for  the  purpose  of  copying,  I  have  desired  this  part  of 
the  work  to  be  dispensed  with  for  the  present,  until  the  calculations  of  tiie  entire  district  have  bem 
completed. 

FonrUi. — "  Estimated  time  required  for  the  completion  of  thie  paH  of  the  vjork  of  ^  Commiaaion.*' 

Besides  the  area  comprised  in  Mr.  Cope's  map,  there  are  portions  on  the  verges  of  the  coal  fidid, 
defined  upon  the  ordnance  geological  maps  as  "  coal  measures,"  which  remain  to  be  investigated. 

In  those  districts  no  coal  of  present  appreciable  value  is  expected  to  exist. 

There  also  remains  the  district  in  the  neighbourhood  of  Cheadl^  Ipstones,  and  CheddeltoQ, 
extending  over  an  area  of  about  15  square  miles,  and  which  is  separated  from  the  main  portion  of 
the  North  Staffordshire  coal  field  by  a  narrow  strip  of  millstone  grit  and  the  Yoredale  Kocka 

I  estimate  the  time  required  to  complete  the  entire  district,  without  maps  of  each  aeamf  to  be 
fonr  months  from  the  present  time ;  and  I  do  not  think  the  cost  will  exceed  the  estimate  I  have 
given. 

I  braewith  send  you  the  accounts  to  the  end  of  18G7  for  your  attention. 

I  am.  Sir, 

Tour  obedient  servant, 

J.  F.  Campbell,  Esq.,  Geobge  Kixiot. 

Secretary, 

Cmd  Oomnussion. 

The  Secretary  tuaa  directed  to  add  this  estimate  to  the  previous  estirruUee,  and  to  advanee  to 
Mr,  SlUot  613^  40.  on  aecovmt 


Mr  HarOer        Hr.  HABn.ET'a  Beport,  presented  to  a  Meeting  of  the  Boyal  Coal  Commission  on  Tuesday, 
'  3rd  March  1868. 

In  each  of  the  districts  undertaken  by  me — South  Staffordshire,  East  Worcestershire,  Shropshire^ 
I  have  found  the  question  of  ascertaining  the  quantity  of  coals  remaining  unwrought  to  be  one  of 
great  difficulty,  and,  in  many  cases,  of  great  deHcacy.  There  has  not  been  any  general  disposition 
to  withhold  information,  but  I  have  be^  compelled  in  many  instances  to  take  the  returns  of 
individuals  representing  large  tracks  of  our  broken  coal  fields,  without  any  very  satisfactory  means 
of  testing  their  correctness.  Many  Kmall  collieries,  representing  in  the  aggregate  a  large  acreage  of 
coals,  though  not  exhausted,  are  closed,  or  partially  suspended,  from  water  and  other  causes ;  these 
require  very  careful  investigation,  in  order  to  get  at  approximately  correct  results ;  still  I  am  enabled 
to  report  very  considerable  progress  in  the  inquiry,  and  to  express  my  general  satis&ction  with  the 
r^ulte,  80  far  as  the  work  has  proceeded.  If  the  completion  of  the  inquiry  depended  upon  myself, 
and  the  staff  engaged,  a  much  shorter  period  would  suffice  than  I  fear  it  will  occupy,  owing  to  the 
fact  that  I  am  dependent  upon  so  much  voluntary  information,  for  which  I  press  parties  as  far  as 
I  deem  it  prudent.  Judging  from  what  I  have  aJxeady  accomplished,  I  cannot  hold  out  any  hope 
of  being  able  to  complete  the  inquiry  before  the  end  of  this  year. 

Of  the  amount  named  in  my  estimate  14th  Februaiy  1867,  about  700Z.  has  been  expended  up  to 
Slst  December  1867,  leaving  a  balance  of  1,375/.  this  balance,  will,  I  anticipate  be  required  during 
*  the  current  year,  as  I  have  engaged  additional  aid  to  be  employed  during  the  fine  period  of  the 
year. 

I  have  been  compelled  to  pledge  myself  that  specific  returns  of  separate  properties  shall  not  be 
published. 

I  may  add  that  I  have  found  the  use  of  paiish  maps  of  the  greatest  advantage,  and  feel  certain 
that  their  use  will  very  materially  lessen  the  cost  of  the  inquiry. 

Wolverhampton,  John  Habtlet. 

Srd  March  1868. 


Aahby-de-lflrZouch, 

Mr.  Wood-    PE^ftSni,  Srd  March  1868. 

lio^ae.  Referrinu  to  your  communication  bearing  date  the  IStii  Febmaiy,  I  beg  to  forward,  as 

near  as  I  can,  the  infoimation  therein  required. 

1.  The  estimate  of  expenditure,  as  stated  on  pages  12  to  19  of  tiie  printed  minutes  of  the  13th 
February  1867,  has  not  nearly  be^  reached. 

2.  The  sum  expended  to  December  31, 1867,  amonnta  to  1,8852.  la.  ltd. 

3.  Brief  statement  of  the  work  done. — In  my  letter  of  the  18th  June  1867,  page  SO  of  the 
minutes,  I  informed  you  that  I  had  divided  the  district  of  Yorkshire,  Derbyshire  and  Nottii^huiv 
shire  into  three  portions,  and  plooed  them  in  the  bands  of  Mr.  Atnold  Luptoji,  of  Perby, 
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3£r.  JeScockf  of  Sheffield,  and  Hr.  Mamznatt^  of  Baraaley  Leicesienslore,  and  WarwiokBhire  I  have  gth  Genena 

placed  in  the  hands  of  Mr.  Qeowe  Fawler  of  Ashhy-de-la-Zouch.  Meeting, 
Mr.  Lupton  how  reports  aa  f<Mlows  : —  March  3'»  ■ 

"A  separate  map  has  beea  inepared  of  each  seam  of  coal  that  has  been  ^teoaiTely  vorked,  on  1868. 

vhich  the  outcrop  of  the  ooal  has  "been  coloured,  and  also  the  eastern  oatcrop  of  the  Fermian 

series. 

"  The  position  and  extent  of  the  workings  have  aJso  been  delineated  on  the  maps  with  all  the 
accuracy  that  circumstancea  permitted." 

"Sections  of  the  most  important  pits  hare  been  obtained,  and  delineated  on  draviiuf  paper  to 
a  scsXe  of  40  feet  to  one  inidi,  to  fiuantate  comparisons.  A  horizontal  secUon  from  Shireow  to 
Foxhonae  has  been  prepared,  but  not  inked  in,  as  it  was  deemed  advisable  to  await  the  completion 
of  a  shaft  that  was  being  sunk  near  the  line  of  section." 

"  The  acreages  of  coal  got  and  remaining  to  be  got  have  been  calculated  as  far  as  regards  the 
principal  seams,  and  also  the  tonnages  of  some  of  the  seama,  bnt  all  of  these  calcolations  nave  not 
yet  been  devised." 

"The  inferior  and  unworked  seams  have  not  yet  had  thmr  acreages  calculated,  but  all  the 
available  data  have  been  collected." 

"There  has  idso  been  prepared  a  plan  shewing  the  workmgs  in  the  top  hard  coal,  and  other 
workings  near  or  under  the  Permian  formation,  upon  which  is  shown  a  line  along  which  a 
horizontal  section  has  been  prepared,  and  also  nine  vertical  sections  showing  in  detail  the  strata 
and  coals  of  the  districts  through  which  the  line  of  section  run&  Tliese  have  been  prepared  to 
facilitate  calculations  aa  to  the  amount  of  coal  lying  under  the  Permian  formation." 

Mr.  Jeffcodc  reports  as  foUowB  : — 
During  the  year  ending  December  31,  1867,  I  have  visited  upwards  of  100  collieries  in 
Yorkshire,  and  obtained  infbnnation  as  to  the  portion  and  quantity  of  coal  worked,  and  have  traced 
in  the  ground  or  from  other  information  35  separate  beds  of  coal  es^tending  over  a  sur&ce  of  about 
120,000  acres.  In  Derbyshire  I  have  visited  some  40  collieries,  and  have  obtained  similar  informa- 
tion and  have  traced  the  coal  bassets  extending  over  40,000  acres  of  surface  up  to  whicli  the  basset 
coal  has  been  waked.  In  Nottinghamshire,  I  have  visited  the  only  colliery  in  my  district,  which 
is  1,000  feet  below  the  Permian,  and  have  obtained  much  information." 

''I  consider  I  shall  be  able  to  complete  my  district  in  about  4  months  time." 

Mr.  Mammatt  reports  as  follows. — "Since  the  date  of  my  last  report,  I  have  made  much  progress 
in  ascertaining  the  area  of  coal  worked,  and  the  outcrops  and  main  &ults  over  a  large  area  of  the 
South  Yorkshire  coal  field. 

"  Although  I  have,  by  your  instructions,  chiefly  directed  my  researches  on  tiie  eastern  side  of  the 
field,  i.e.  that  lying  near  and  underlying  the  Permian,  I  have  also  personally  traced  the  outcrops  of 
tlie  lower  coals  from  Huddersfield  to  Hali&x,  and  have  marked  tJie  course  of  the  main  faults  over 
the  same  district ;  also  I  have  obtained  much  valuable  information  as  to  the  depths  and  position 
of  many  c£  the  working  collieries,  but  I  have  not  yet  obtained  the  area  of  coal  worked. 

**  Yery  great  assistance  has  been  rendered  me  in  this  partienlar  by  Mr.  J.  C.  Ward,  of  the  (Geolo- 
gical Survey. 

"  I  hope  to  get  the  whole  of  my  district  completed,  and  the  calculations  made  by  the  end  of  Sep- 
tember.'* 

Mr.  Fowler  reports  as  to  Leicestershire  "  The  workings  in  this  district  are  all  hid  upon  the  one 
inch  ordnance  maps.  Sections  of  most  of  the  pits,  showing  the  way  in  which  the  seams  vary  from 
place  to  place,  in  thickness,  distance  apart^  &a,  are  prepared.  The  acreage  coal  worked  and  un- 
worked in  one  or  two  seams  has  been  measured.  This  work  is  now  in  hand,  and  will  probably 
take  from  one  to  two  montiis  to  complete." 

Mr.  Fowler  reports  to  a  similar  purport  as  to  Warwickshire : — 

*'  It  will  be  seen  that  although,  a  vast  amount  of  information  is  compiled,  much  yet  remains  to  be  . 
done,  bat  I  am  studiously  trying  to  economise  the  cost  to  the  greatest  possible  extent. 

"  4.  As  to  the  estimated  time  for  the  completion  of  this  part  of  the  work.  I  think  that  Leicester- 
shire, Warwickshire,  Nottinghamshire,  and  Derbyshire  will  be  completed  by  the  30th  June.  I  am 
anxious,  if  possible,  to  finish  with  the  aid  of  those  gentlemen  who  are  now  employed.  If  more 
hands  are  put  on  to  expedite  the  completion,  the  coat  of  the  whole  will  be  much  increased ;  the 
mining  engineers  now  engaged  understand  tii^  duties,  and  if  fresh  ones  were  put  on  much  time 
would  be  lost  in  getting  them  in  form. 

"I  send  the  accounts,  as  you  request,  up  to  the  end  of  1867,  excepting  charges  for  my  own 
expenses,  which  I  am  utterly  at  a  loss  to  know  how  to  deal  with. 

"That  the  investigation  of  Iieioestershire,  Warwickshire,  Nottingham^iire,  Derbyshire^  and 
Yorkshire,  has  now  furived  at  the  stage  at  which  the  asBistuice  <a  the  geologist  is  neoessary. 
Flans  are  produced. 

"  I  do  not  require  any  additions  to  my  first  estimate  of  3,567^  5«. 

I  have,  &c. 

J.  F.  Campbell,  Esquire,  John  Th.  WooDHOUSB. 

lEtoom  Q. 
House  of  Lords. 

To  this  report  waa  appended  an  aecouni  for  work  done  from  Ist  Odober  1867  to  Slat  Decern- 
her  1867,  which  the  SecreUvry  woe  directed  to  pay  aa  aoon  as  he  gets  the  requisite  fv/nda,  AmowU 
5Q8L  8&  8d.  SOSL  St.  SJ, 
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Mr.FMrt- 


10.  £ent  Tenaoe^  Begent's  Park, 

2,  March  1868. 

To  Hia  Gnoe  the  Dnke  of  Argyll,  Chainnaa  of  the  Boyal  Goal  CowmiHrinn. 
Ht  Lobd  I>uke, 

As  the  member  of  tlie  Royal  Goal  Commission  appointed  to  investigate  the  ooal  fields  of 
Somersetshire  and  part  of  Glouceaterahire,  I  beg  to  report  as  follows : — 

I  named  as  an  approximate  estimate  for  the  local  .^xpenditore  required  in  the  surrey  of  this 
district  daring  1867  the  sum  of  295L,  under  the  following  heads : 

(a.)  Mining  engineers  to  be  employed  in  ascertaining  the  extent  of  wrought  and 
unwTought  coal,  at  the  rate  of  from  one  to  three  guineas  per  day,  aa  fixed 

October  26th  1866     -  -  -     '    -         -       '  -  "  . 

•  (fe.)  Local  coal  viewers  (aa  above)  - 

(c)  .  Other  persons  (as  above)  requested  July  9th,  1866  - 

(d.)  Travelling  expenses  of  mining  engines  employed  by  the  Oommiaoon,  as 
sanctioned  January  10th,  1867  -         -         -       ,  -  -  - 

(d)  My  own  travelling  expenses  and  allowances  as  unpaid  Oommiadoner 


£ 
120 

70 

30 

60 
25 


£295  0  0 


The  actual  expenditure  to  the  Slst  Dec^nber  1867  has  been  as  follows: — 
(a.)  To  Mr.  John  Anstie^  G.K  and. mining  engineer,  for  -profeasionAl  eervioea  on  the 
survey,  21  weeks,  at  lOi.  per  week  -  -  -         .  - 

(h.)  To  local  coal  viewers  and  mining  engineers  -  -  -  -  - 
(c.)  Other  persons  -  -  -         -  -.- 

{d.)  Travelling  expenses  of  mining  engineers  .  .  -  .  . 
(e.)  My  own  tmveUing  expenses  and  aUowaooes  as  unpaid  Cammismonqr 


210  0 
63  19 
13  2 
71  17 

12  18 


76^.  16/.  6d, 


£m  16  6 


For  the  purpose  of  determining  the  questions  proposed,  I  engaged  the  services  of  Mr.  John  AsBtie, 
of  Devizes,  and  availed  myself  of  such  further  occasional  assistanoe  as  proved  necessary. 

Ur.  Ansiie  oommenoed  bis  work  in  June  1867.  I  instructed  him  to  proceed  to  each  colliery  to 
ascertain  the  number  of  sefuns  worked  in  the  separate  distriots,  and  to  detecsuBe  tibe  quantity  of 
coal  wrought  and  remaining  unwrought. 

In  conducting  the  inquiry  we  found  a  great  readiness  on  the  part  of  almost  eveiy  coil  pro- 
prietor to  furnish  all  the  information  required,  and  only  in  a  few  instances  was  it  neoessaiy  to 
engage  other  professional  services. 

The  tabular  form,  for  the  probable  quantities  of  coal  wrought  and  unwrought  in  the  differait 
dis^cts  was  supplied  to  the  vanous  coal  proprietors  and  manager^  but  in  y&cy  few  instsDces 
was  the  request  for  information  in  that  form  complied  with.  It  was  found  necessary  to  take  the 
information  on  the  spot  from  documents  furnished  by  the  owners,  and  the  quantities  of  coal  wrought 
in  each  seam  has  now  been  determined  in  the  following  districts,— Ifailsea,  Bedminster,  Ashtoa. 
Eingsvood,  Co^  Fit  Heatli,  Farkfield,  Yate,  as  also  Ba£took  and  otiier  works  near  Bath.  "Hiu 
part  of  the  work  is  therefore  nearly  completed. 

Mr.  Anstie  has  constructed  a  very  complete  map  of  all  the  coal  seams,  together  wiUi  a  Bection 
from  Kortb  to  South,  with  tiie  approximate  position  of  each  seam  throughout,  and  I  have  insttncted 
him  to  construct  a  cross  section  in  order  to  show  the  range  of  the  seams  East  and  West. 

Although  there  is  no  difficulty  in  determining  the  quantity  of  coals  wrought  in  any  pariacniaf 
work,  there  is  greater  difficulty  in  determining  the  quantity  of  unwrought  coal ;  and  further,  as 
these  properties  have  no  rdation  one  to  the  ol£er,  and  are  separated  by  districts  where  ooal  is  not 
worked,  &o  determination  of  coal  unwrought  at  the  separate  works  would,  after  all,  only  fan>w> 
ingmentary  information  of  the  whole  field. 

I  find  it  theref<H%  necessary,  after  deten^iniug  the  outcrops  of  the  different  seams  of  coal  (which 
has,  I  believ^  now  been  carefully  done  by  Mr  Austen)  either  to  take  the  whole  extent  of  that 
seam,  calculate  the  quantity  of  coal  it  contains,  deduct  from  it  the  quantities  ascertained  to 
be  wrought  at  the  different  collieries,  and  thus  arrive  by  one  step  at  the  quantity  reniwwDg 
unwrought.  Or  else  to  take  separate  parishes,  determining  in  that  parish  the  ^teat  of  each  seam, 
calculate  its  quantity,  and  deduct  from  it  the  quantities  wrought  in  any  colliery  in  that  pariso, 
and  so  arrive  at  the  quantities  wrought  and  unwrought  in  all  the  separate  parishes,  and  add  up 
the  totals.    This  part  of  the  work  is  also  considerably  advanced. 

I  believe  the  inquiry  can  be  brought  to  a  close  in  the  course  of  this  summer ;  and  I  should 
estinuite  the  furthw  expense  at  a  sum  not  exceeding  3202.,  under  the  following  heads : — 


Digitized  by 


Google 


35 


(a,)  Miniog  engineers,  and  others  from  102.  per  week  toSLSs.  aday  - 

(6.)  For  loc%L  .coal- vie vem  -         -         -   .      -  . 

(e.)  Other  persona,  as  requested  July  9th,  1866- . 

(d.)  Travelling  e]q)esseB  of  mining  engineers  - 

(fi.)  My  own  expenses  azid  aUowaoeea  as  unpaid  CktmmiasiGQei 


£  8."  d, 

-  180  0  0 

-  20  0  0 

-  50  0  0 

-  45  0  0 

-  25  0  0 

df320  0  0 


J.  FbestvicB,  F.RS.,  F.G.& 
3%0  Seoretary  was  dvneUd  to  add  thia  fu/rtker  eaiimaU  to  iho»  alnady  sent  va. 


8th  Genera] 

Meetisg,  . 

Marcos. 

1868. 


76  16  6 
SO   0  0 

896  16  6 


Edinbui^h, 

Sir,  29th  February  1868. 

In  compliance  with  what  your  letter  of  the  18th  instant  suggests,  I  beg  to  state,  Mr.  Geddei. 

1.  The  estimated  expense  of  my  department  in  the  present  inquiry  (pages  IS  to  25  of  the 
printed  Minutes,  is  2,OP02. 

2.  The  sum  due  for  work  done  up  tb  December  1867  is  about  2502.  2502. 

3.  The  work  aooompUsbed  sitioe  June  last  indudes  estimates  of  coal  remaining  to  work  in 

Fi&shire. 

Fttrthihire. 

daekmamumdiire. 

East  Lothian. 
West  Lothian. 

Hmw  ace  nearly  oompletad,  -but  still  require  revision  in  some  details ;  chi^y  as  to  ooal  sea- 
ward. 

Also,  but  only  in  part— 

EdinbuTghflhiML 

LaaurkE^ure. 

Stirlingshire. 

Renfrewshire. 

Dnmbartonahire. 

The  woric  will  require  more  time  than  I  antic^ted,  and  the  bulk  of  it  must  be  done  by  myself ; 
because  numerous  working  plans,  which  are  essential  to  the  question  in;hand,  are  with  me  profes- 
aicmally,  and  I  am  not  au^orized  to  put  them  into  the  hands  of  other  parties. 

4.  I  estimate  that  six  months  will  yet  be  nquiied  to  complete  the  work  of  this  part  of  the 
Cfflmnismon. 

.   I  am,  &C. 

J.  F.  Campbell,  Esq.,  JoBK  GSDDSa. 

Boom  O, 
House  of  Lords. 


Irish  Coal  Fields.  jj^^  Jnkee. 

£   8.  d. 

Estimated  expenditure  for  the  report  on  the  Irish  ooal  fields      -      -   300   0  0 


Paid  Mr.  F.  J.  Freeman  while  examining  the  six  Irish  coal  fields,  a 

guinea  a  day,  and  travelling  expenses         -         -         -  -60  190 

My  own  travelling  expensM  while  accompanying  him  during  part  of 
the  time  -         -      -     12  17  8 


73  16  8 

Leaving  an  unaq)ended  balance  on  December  8lBt>  1867,  of  2S6   3  4 


^300   0  0 


J.  Beerb  Jvkbs. 

Remits  to  the  preemt  tvms. 

The  information  gained  during  the  year  1867*  as  to  the  present  state  of  the  six  districts  in  Ire- 
and,  where  coal  has  been  gotten,  will,  in  connexion  with  the  old  reports  of  Sir  R.  J.  Griffith  and  the 
pnblicatiouB  of  Her  MaJesty^s  OeologicflJ  Survey  of  Ireland,  contain  probably  nearly  sufficient 
data  for  the  report  on  the  coal  resoiircefi  of  Ireland. 

March  2na,  186&  •     J.  Bbbck  Jvusa 


F  2 
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8Ui  Gcoenl  After  a  long  cQurenationi  during  vhich  the  members  exhibited  ^ns,  maps,  sections,  tables,  and 
Meeting,  other  matters  as  spedmens  of  thdr  work,  the  meeting  separated  with  the  nnderatandiTig  thai  the 
If  indk  8,  Chairmen  of  Committees  will  summon  meetings  when  Uiey  think  necessary,  and  that  a  general 
1868,  meeting  will  be  held  when  the  work  is  further  advanced. 

Abgyll,  Chairman. 
J.  F.  Cahpbkli^ 

Secretary  to  the  Comraissioii  and  to  Committees  A,  B,  C,  D,  E. 


March  4. — A  meetvng  of  Committee  D.  was  hdd;  the  proceedings  are  printed  separately. 

March  7.^Tke  Secretary  hwvng  got  three  sets  of  proofs  ai  a  late  howr  from  the  pnmters  wae 
wnaUe  to  ivnish  sending  them  out  to  Meniere. 

March  9. — The  Secretary  sent  proofs  and  cvrculars  to  Members,  <md  prepa/red  a  letter  to  the 
ffrnne  Oj^e  in  order  to  complete  the  directions  of  the  Commission,  and  carry  ovi  iJieir  widies. 
He  also  wrote  to  Messrs.  Oumey,  shorOiamd  writers,  26,  Abingdon  Street,  8.W.,  to  engage  a 
dtorthand  toriter  whose  ability  is  well  knoum  to  the  Secretary,  ae  he  has  worked  wUh  hvm  om. 
other  Commissions.   Mr.  TTtf&b  wiU  aMend  on  the  IZth. 

March  1 0. — Engaged  on  the  work  of  the  Commission. 

March  11. — A  few  proofs  retwmed  by  Menihers,  but  the  proof  of  the  minvies  stiU  incomplete. 
To  save  tvme  the  Secretary  sent  a  copy  of  his  letter  to  he  printed  and  to  be  shown  to  the  meeting 
on  the  ISth.    This  letter  was  deliver^  at  5.30,  too  UUe  for  the  meeting. 

The  foUowvng  are  letters  to  which  reference  is  made  m  the  Secretary's  letter  to  the  Sovne  Ofioe, 
whick  will  he  sent  as  soon  as  we  mMvutea  are  complete,  and  which  is  printed  hehw : 

Not.  22,  Whitehall, 
1867;  Home  Sir,  22nd  November  1867. 

Offloe.  I  am  directed  b^  Mr.  Secretary  Hardy  to  request  that  you  will  prepare  and  transmit  to 

him,  with  the  least  possible  delay,  an  estimate  or  duplicate  of  the  sums  whi(^  will  be  required  to 
defray  the  expenses  of  the  Coal  Commission  from  its  commenoement  to  its  tomination,  distin- 
guishing the  amount  which  wiU  be  required  to  be  voted  during  the  ensuing  Session  of  Parliament, 
accompanied  by  a  statement  of  the  progress  which  the  Committee  have  made  in  the  inquiry 
entrusted  to  them,  and  of  the  probable  time  whlob  it  will  take  to  complete  the  inquiry. 

I  am,  Sir, 

The  Secretary  to  the  Tour  obedient  servant, 

Coal  Commission.  Ajjolphus  F.  O.  LmDEU. 


Nor.26» 

1867;  reply,  gj^^  Novembw  26,  1867. 

In  repty  to  your  drcular  letter  of  the  22nd  instant,  I  beg  to  refer  to  the  printed  estimates, 
of  whic^  copies  have  already  been  sent  to  the  Home  Office.  On  the  16th  of  February  1867  tiiese 
estimates  amounted  to  16,128^  4a.  Od ;  on  the  12th  March  1867,  after  a  correspondence  which 
began  in  July  1866,  the  Commissioners  were  informed  of  the  decision  of  their  lordships  as  to  rates  of 
payment  to  persomi  employed,  &c.,  &a,  and  they  forthwith  proceeded  to  employ  persons  to  calculate 
quantities  of  coal  and  perform  other  important  and  arduous  duties  in  the  several  districts  which 
were  assigned  to  the  Commis8i<mers  whose  names  appetu*  in  the  estimates.  No  r^^lar  reporto  have 
been  made  since  that  time,  and  therefore  I  am  unable  to  ^ve  more  definite  answers  to  the  questions 
asked.  I  have  reason  to  believe  that  the  work  is  proc^ing  rapidly,  that  the  full  sum  estimated 
may  be  required  during  the  ensuing  session  of  Parliament,  and  that  the  report  may  be  raid«ed 
in  186a 

Should  detailed  information  be  required  it  may  be  necessary  to  call  a  meeting  of  the  16  Com- 
miesioners,  which  will  cause  expense ;  meantime  I  shall  be  glad  to  attend  to  the  directions  of 
Mr.  Secretary  Qardy,  and  to  communicate  them  to  the  chairman,  the  Duke  of  Argyll,  who  is  now 
at  Inveraxy- 

I  am,  &c 

J.  F.  Campbell,  Secretary. 

Coal  Commission, 

Committee  Koom  0,  Home  of  Lords. 
Statement  as  Sir,  March  17, 1868. 

to  expendi-  With  reference  to  the  subject  of  your  letter  of  the  22nd  November  1867  and  my  reply  of 

tore  sad       the  26th,  I  have  now  the  honour  to  state  as  follows : — 

ortiniatw,         The  enclosed  extract  from  the  printed  minutes  of  the  Coal  Commission  (Enclosure  D.)  show 
^      that  a  rough  estimate  of  20,000i.  was  made  at  a  general  meeting,  held  January  9,  1867,  and  that 
the  time  necessary  for  the  completion  of  the  work  was  then  estimated  at  two  years. 

On  the  16th  of  February  1867,  printed  estimates,  giving  details,  but  incomplete  for  lack  of 
some  returns,  amounting  to  16,128l  4cik  (Fndosure  D.),  were  sent  to  the  Home  Office;  and  on 
the  15tii  March  1867  the  Commission  recdved  sanction  to  begin  their  work  on  these  estimates. 
A  printed  copy  of  the  Treasury  letter  is  enclosed  to  fiiciHtate  reference,   (Enclosure  A.) 

1  have  now  the  honour  to  enclose  a  copy  of  the  minutes  of  last  meeting  held  here  on  the 
Sid  March  1868,  from  which  it  will  appear  in  detail  how  much  has  been  done.    (Enclosure  B.) 

The  work  of  the  Commission  has  advanced  r^idly,  and  it  will  probably  be  completed  within  the 
time  mentioned,  at  or  below  the  estimated  cost  of  20,0002. 

I  have  now  to  request  that  formal  sanction  may  be  obtained  to  the  supplemental  estimates 
■bown  in  the  margin  of  endosores  C.  B.,  making  a  total  estimated  sum  of  2>246{.  16s,  6d,  in 
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achfi1a(m  to  the  rams  for  vhioh  Treasmy  Bfuacldon  -was  formerly  fpv&x.   £  may  staid  that  Mr.  Elfiot'  EzpsBditar^- 
-was  abroad  in  Fehroaiy  1867,  and  that  Kr.  Fnstwioh  and  Mr.  Hmit  intended  thdr  eatunates  io  ^<wtf* 
oorer  a  year  only.  taatm* 

These  papers  and  this  letter  furnish  the  answer  vhich  I  was  not  in  a  position  to  give  in  reply 
to  the  circular  letter  of  the  22nd  Novemher  1867,  but  I  am  still  unable  to  state  with  certain^ 
what  will  be  the  total  cost  of  the  Commission  from  its  commencement  to  its  termination. 

In  si^port  of  lb.  Hunt^s  eatimates  and  his  applicaticm  fer  deiioal  assiBtaDce,  which  meets  the 
approval  of  the  Commission,  p.  28,  B.,  I  beg  to  refer  to  Mr.  Robert  Hunt's  letter,  enclosed  (E.),  to 
the  report  of  Committee  page  28  of  the  minutes  (B.),  and  to  the  Treasury  letter  of  the  12th  March 
1 867 (A.),  which  with  the  previous  correspondeDce  sanctions  the  employment  of  clerks  where  necessary. 

2nd.  Sunis  advanced  to  me  as  Secretaiyj  paid  by  me  to  the  Commissioners,  accounted  foi  by 
them  and  vouched  by  their  receipts,  and  by  tiicir  detuled  accounts  and  vouchers,  and  the  balance 
in  my  hands,  are  stated  in 'my  letter  to  the  Chairman  (printed  at  page  27  of  Enclosure  B.)  These 
sums  have  appeured  or  will  shortly  appear  in  my  quarterly  accounts.  The  total  sum  advanced  to 
me  is  3,2562.  8s.  7d. ;  sums  required  by  Commissioners  since  [that  time  amount  to  about  2,4002., 
and  I  have  every  reason  to  believe,  from  the  reports  of  the  Commissioners  (Endosuro  B.),  that 
further  advances  and  payments  will  shortly  be  required.  I  have  therefore  the  honour  to  request  that 
you  will  move  tiie  I^rds  of  the  Treasury  to  advance  to  o^ie  the  sum  of  ^,0002.,  which,  with  the  s 
sums  already  advanced,  will  make  6,2562.  8ft  7d.,  on  account  of  the  original  rough  estimate  o£ 
20,0002.  The  balance,  13,7432.  lift  5d.,  may  possibly  be  required  before  the  end  of  this  year,  as 
i^peais  fivm  the  progress  shown  by  ih&  reports  of  the  Commissioners  (B.) 

3rd.  I  have  further  to  request  that  I  may  be  instructed  as  to  the  payment  of  witnesses.  Meet- 
ings are  shortly  to  be  held  for  the  pozpoee  of  taking  evidence,  and  it  is  expected  that  some 
witnesses  may  demand  payment  This  branch  of  expenditure  is  not  covered  hy  the  Treasury,  letter 
(A.),  as  it  was  not  mentioned  in  the  previous  correspondence,  and  the  point  has  not  arisen  in  the 
proceedings  of  any  Commission  which  T  have  had  the  honour  to  serve.  No  one  of  many  hundreds 
of  witnesses  who  gave  evidence  in  writing  or  viv&  voce  to  the  Lighthouse  and  Minee  Commis- 
riuiers  ever  sought  or  got  paym^t,  and  the  small  expense  of  now  collecting  mineral  statiatios  {ffoves 
that  many  thousands  vmnminous  retums  have  been  furnished  gratis  to  Committee  E.  Circulars 
containing  questions  have  been  sent  out  by  four  other  sections  of  this  Commission,  nunely,  by 
C(»nmittees  A.,  B.,  C,  D.,  but  only  one  return  has  been  made  to  these  ciroulais,  and  it  is  now 
proposed  to  take  evidence  viv&  voce.  From  the  CommisEdon.  which  a  printed  copy  is  enclosed 
in  Mr.  Hunt's  letter  (E.),  it  will  be  seen  that  persons  skilled  in  geology,  in  engineering  in  all  its 
branches,  in  mining,  and  in  all  iAie  arts  by  which  coid  is  w<m  or  in  which  coal  is  used,  may  be 
invited  to  give  information.  Professional  witnesses  may  set  a  price  on  their  information  and  on 
their  time,  and  they  may  seek  to  travel  cost-free  if  they  are  disposed  to  accept  the  invitation  of  payment  of 
the  Commisdoo.  I  beg  werefore  to  be  instructed  as  to  the  payment  of  witnesses  if  payments  an  witaflMes. 
demanded,  and  if  they  are  sanctioned  by  their  Lordships, 

I  am,  &0., 

The  Hon.  Adolphus  F.  O.  Liddell,  X  F.  Campbell,  Secretazy. 

Home  Office. 

March  13. — A  meeti/ng  of  Committee  D.  imm  held.  A  skorthcmd  writer  toas  m  attendance j  and 
ike  proceedings  are  separately  printed  under  the  heading  D  1.,  (fee. 

Ibrch  14. — The  Secretary  hatvvng  got  hack  aU  the  proofe  sent  to  Tnembere,  eaeoe^  oim,  S0?t£  tke 
revised  proof  of  the  mvnutea  to  ^  printers,  with  a  reqtieet  he  may  be  fv/miahed  wUh  reviaes  m 
Omiefor  post  on  Tv^sday. 

The  letter  to  the  Home  Offi.ce  was  ehoien  to  the  Gha/vmum. 

March  17. — The  Secretary  sent  out  copies  of  these  revised  mimUes  (Jrom  page  27  to  37)  to  the 
CoTMnissioners.  He  revised  the  former  mintUes,  pa^e  1  to  26,  and  ordered  20  copies  for  the  use 
of  memhers,  the  type  to  be  kept  stcmding  for  the  Beport,  if  it  ehofdd  he  so  ordered  h&reafter. 

He  sent  a  manuscript  copy  of  the  letter  of  this  date  to  ike  Home  Offi/x,  together  with  the  eacUmures, 
He  had  prevumsly  JUed  aU  letters. 

The  Aortkand  notes  of  the  work  of  Commttee  D.  are  ordered  to  be  ready  for  next  meeting. 
There  are  no  arrears  in  me  Seoretar^e  d^cniment. 

Friday  20. — Committee  D.       and  tow  evidence. 

Friday  27- — Committee  D.  met  and  took  evidence. 

The  Secretary  having  received  from,  the  shyrtha/nd  vjriter  and  from  the  printera  in  excellent  time 
aU  the  itwA;  in  their  hands  up  to  this  date,  havvng  sent  to  mmt^era  proofs  of  the  evidence,  and 
ha/wng  sent  revises  to  all  who  have  sent  proofs, — has  to  report  that  mere  are  no  arrears  in  any 
departmrwnt  of  the  work  of  the  Commission. 

As  soon  as  funds  have  been  received  from  the  Treaewry,  caHi  wiU  he  aeni  to  the  menmbers  who 
hm}6  appUed  for  advamxiea. 

Members  are  requested  to  observe  that  the  Secretary  hae  been  offi,ciaUy  desired  to  send  vov,chere  ' 
for  cash  payment,  as  shown  vn  the  following  letter.   It  ia  partioularly  requested  that  memh^s  vnU 
preserve  the  set  of  proofs  now  eent  to  page  SS,  as  they  are  heHeved  to  be  fbuiUy  settled  so  far. 
March  27, 186a  J.  F.  Camfbeu^ 

Secretary, 


Whitehall, 

25th  Maich  1868. 

I  am  directed  by  Mr.  Secretary  Hardy  to  inform  you,  with  reference  to  your  letter  of  tike 
26th  ult.  and  previous  correspondence  on  the  subject,  that  the  Lords  Commiuoners  of  Her  Majesty' 
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AeooiiBto  '  I^tfunny  h»yfl  intiwicd  to  hip^  fiiniidied: 
approved,     ^jth  the  laQpef  vouch^  ttiey:«re  .jdeaBed  to  sapyxove  of  the  accoanto  <^  the  CoaTCoimxuBBioiifirB 
March  i86&.      fj^g  quarter  ended  Slst  December  last.   Their  LordEdiipe  at  the  same  tome  request  thai  vUh 
the  intne  aooonnts  ypu  wj]l|i>rirard  a.vt^^ 

J.F.CwnpbeUjEsq,  ^  ^  f!"©.  LiDDKLU 

Boom  G, 
HonseofLorda. 


Uarch  31.— 7%«  Secretary  serU  in  the  accowni  /or  lost  quarter  vnih  vouchera  as  required 
Treaev/ry,  exc^  ae  regcurds  one  pa/yrnent  for  wAicft  ifmsr  vottc^ers  Aove  not  &00n  received 

befimotmUd  when  they  come  to  Jumd. 
.  April  Z-^^Mimitea  as  prmied  to  'page  38  w&re  s&nt  rowfid  to  members,  witk  a  reqtteet  that  they 
vriUreadpage  37,  which  is  intended  to  give  memhera  the  latest  iv/onnatioTi. 

April  6.— The  foUoiovng  kttera  were  received,  <md  the  Secretary  vrrote  to  aek  some  of  the  mewb^re 
v^iere  they  wish  their  mon&y  to  he  eent  Mevises  of  evidence  tcJcen,  and  other  jyri/nted  Tiiatters,  were 
aent  out   Lettere  wre  written  to  the  Cha^mum  of  Committee  A.,  and  the  btunmeea  toaa  traauacted^ 

April  7. — Monty  toaa  got  ftmn  the  Pofptuju^  General^  an<2  cAsgiies  were  eent  out 

J.  F.  Camebell^ 


Payment  of 
witDosses. 


Payment  of 
witnesses 
sanctumed, 
April  1. 


WhitehaU,  : 

Sir,  Sid  April  1868. 

I  am  directed  hy  Mr.  Secretary  Hardy  to  inform  yon  that  he  has  referred  your  letter,  of 
the  17th  ult.,  to  the  Lcn^s  CommissionerB  of  Her  Majesty's  Treasoiy,  and  I  am  to  transmit  here- 
-nith,  for  the  information  of  the  Coal  GommissioneFB,  a  copy  of  a  lettw  which  has  bem  reoesved 
from  the  Treasnry;  staiang  that  the  Paymaster  Qeneral  has  been  aathcnued  to  issue  to  yon  the 
smn  of  8,0002b  to  meet  the  current  expenses  of  the  Coal  OommissMm;  and  that  their  LonUdx^  aM 
of  opinion  that  1^.  la.  to  SL  28.  per  diem  should  be  considered  as  the  rate  of  remuneration  to 
sidentific  vitneeses  who  may  be  oaUed  before  the  Commission,  but  that  in  cases  wher^  the  evidence 
ci£  some  profesEdonal  pnson  of  concadeirable  eminence  may  be  required,  they  will  be  ready  to 
tenction,  upcm  spplication,  sudi  fortiier  reasonable  allowance  as  may  appear  right.  Their  Loidahips 
will  also  aUow  the  payment  of  tiie  atonal  traydhng  e2^>efDseB  of  tiie*  witnessesL 

J.  F.  Csmpbel^  Esq.,  ^  *  A-^O.  IaDD«LL 

Boom  G, 

House  of  Iiords.  _____ 

Treasuiy  Chambers, 

1^,  1st  April  1868. 

With  reference  to  your  letter  of  the  19th  uli,  I  am  commanded  by  the  Lords  Conmusedonera 
ctf  Her  Mi^jeefy's  Treasury  to  acquaint  you,  for  the  informatum  of  Mr.  Secretary  Hardy,  that  the 
Paymaster  Qeneral  has  been  authorized  to  issue  3000Z.  to  Mr.  Campbell  to  meet  the  corrent 
expenses  of  the  Coal  Conuuission  ;  and  I  am  to  state  with  reference  to  the  payment  of  witnesses^ 
that  my  Lords  caused  enquiry  to  be  made  in  July  1866  of  Sir  B  Murchison  as  to  the  remuneration 
df  those  scientific  witnesses  who  mi|^t  be  called  before  the  Boyal  Conunisoon.  Sir  B.  Murchison 
in  reply  inf<mned  their  Lordships  tibat  the  Comnussifmers  wished  to  have  the  power  of  engaging 
"  coal  viewers,  mining  engineers,  and  others,"  at  the  rate  of  from  1^  Is.  to  3£.  3a.  per  diem,  and 
the  assent  of  this  Board  to  that  arrcmg^nent  was  granted  in  October  1866.  My  Lords  are  oi 
opinion  that  32.  Ss.  to  12.  Is.  per  diem  should  be  ccmai^red  as  the  rate  of  remuneration  to  scientific 
witneaBss,  but  in  cases  whwe  the  evidoice  of  some  professional  person  of  oonaiderable  eminence 
may  be  required,  they  would  be  ready  to  sanction,  upon  application,  such  further  resaonahle 
allowance  as  may  appear  n^t.  Tke^  Lordsh^ys  woiUd  also  allow  tiie  pi^ymei^  of  the  actual 
travelling  expenses  of  the  witnesses. 

Iam,.&i&, 

The  Hon.  Adolphus  F.  0.  Liddell,  Geo.  A.  Hauucom: 

Home  Office. 


SECBETAETS  EEPOET. 

Committee  Boom,  G  Hoose  of  Lords. 
Bgpwfc^?     Sir,  July  1,  1868. 

^•ij**}*'^'  As  I  am  about  to  have  leave  for  a  couple  of  months,  I  am  directed  by  the  Chainnan-  to 

^  infcnrm  yon  of  the  present  positkni  of  the  badness  of  the  Coal  Commission  after  two  yeara 

1.  The  Commission  consists  of  sixteen  members,  of  whom  many  were  selected  for  their  knowledge 
of  the  subjects  which  are  included  in  the  Commission ;  and  of  these  some  have  given  evidence. 

2.  QefMfTijd  huavnees.  The  first  general  meeting  was  held  on  the  6th  Jidy  1866,  and  one  <^  the 
fiist  acts  was  the  subdivision  of  the  general  subjects  and  the  appointing  of  Committees  to  whom 
branches  were  assigned.  Each  member  can  serve  on  every  Committee^  and  he  acts  in  six 
(^pacitiee^  so  that  papers  have  to  he  treated  as  if  the  CoimmBsion  consisted  of  96  member& 
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Jfinutes.  For  thiB  and  for  otiur  reuona  the  UianteB  are  printed.   Oopm  an  nfpi^t«t%A  filed  July  iSBfl, 

in  the  office,  and  oirculated.  SecFetar/fl 

4  I  beg  to  refer  to  the  last  proof  Bent  to  yon  on  the  2nd  April,  of  which  this  repcnrt  is  a  continaa-  ^P*"^ 
tumu 

5.  B^orU.  The  final  i-eport  vill  be  founded  npon  15  sub-reports. 

6.  Meetvnga.  No  day  has  been  fixed  for  a  general  meeting,  and  I  am  not  avare  of  any  basinea& 
that  vill  call  for  ^e  action  of  the  whole  ComntiaBiott  till  the  snb-xeports  are  etmaideraUf  advanced. 

7.  Should  any  member  wish  for  a  general  meeting  he  can  eommoiaicate  wi^  the  Secratazy  or 
witii  the  Chairman. 

8.  Duzmg  my  absence  TSx.  FrankB>  who  is  a  gentleman  o£  experience  will  act  Ibr  me,  so  iar  as  a 
aubstitnte  can  do  the  work   Letters  may  be  sent  here  as  oamJ. 

9.  Mncmce.  The  original  rough  estimate  was  20,0002. 
Detuled  eetimatee  (see  Umotee)  have  been  sanctioned. 

Accounts  have  been  rendered  quarterly.  Finanoe. 
The  accounts  up  to  April  have  been  finally  approved. 
The  accounts  to  July  have  been  sent  in. 
There  is  a  balance  at  the  bank  of  8491  lOs.  Id. 

10.  The  system  pursued  is  as  follows : — 

The  Secretary  makes  application  through  the  Home  Office  to  the  ^hnasury,  and  afler  a  period  of 
from  four  weeks  to  ten  days  he  receives  a  reeapt  which  is  presented  at  the  office  of  the 
BaynMuta:  Qeneial  for  payment  .       -      -  - 

The  amount  is  placed  to  the  aeooont  of  the  Secretary  to  the  Oonunission,  at  the  Union  Bank  of 
London. 

On  the  demand  of  any  member  of  the  Gommissi<ai  or  the  chairman  of  a  Committee  the  Secretary 

makes  an  advanoe  or  payment^  for  which  he  takes  a  tonaal  receipt. 
The  members  to  whom  advances  are  so  made  on  account  are  required  by  the  Treasnry  to  send 

a  voucher  for  each  payment.   Members  are  requested  to  aMend  to  this  rule  of  tike  Treaewry  and 

to  the  order  on  page  38.    Irmer  vovAihersfor  B2121.  19s.  3d  are  now  vxx/rUea. 
At  the  okd  of  the  quarter  the  Secretary  renders  an  account  supported  by  receipts  and  vouchers. 
These  are  sent  to  we  Home  Office  for  audits  and  the  approval  of  the  Treasury  auditor  passes  tiie 

acooimt. 

As  stated  above,  the  accounts  have  been  passed  up  to  the  end  of  March,  bat  the  aoooont  for  June 
is  informal  for  lack  of  inner  vouchers,  luod  will  not  be  passed  by  tike  auditw  till  they  are  sent  in. 


Committeee  deambed  as  A^  B.,  0.,  D.,  E. 

11.  Commid^  A.  have  met  eight  times,  and  meet  agun  hen  on  the  l&th  day  of  July  at  noon.  A 

12.  Committee  Bii»i/ne88.  Kvidenoe  taken  viv&  voce  is  taken  down  by  8hort>hand  writers  from 
tiie  office  of  Messrs.  Gnmey.  It  is  sent  in  manuscript  to  the  witnesses.  After  revision  the 
evidenee  is  set  up  in  slip  by  the  Queen's  Prints,  and  it  is  again  revised  by  the  witness.  In  some 
cases  proofe  are  also  sent  to  the  mmbers  who  examined  the  witness. 

When  ooaetM  the  alip  is  made  up  in  doable  colomn,  and  proob  aio  then  registered,  filed,  and 
circulated  one  copy  to  each  member. 
I  b^  to  refer  to  the  printed  papers  which  have  been  and  now  are  sent  to  you. 

13.  OawdarA.  In  February  1867,  after  much  consideration,  a  set  of  qQeBti<ms  were  printed. 
These  have  been  largely  circulated  and  very  sparingly  answered.  Written  replies  are  printed,  and, 
afler  revision  by  the  authors,  they  are  placed  after  the  questions.  These  papers  are  registered, 
filed,  and  circulated ;  and  to  them  I  beg  to  refer. 

14.  Aj^efnddao.  The  wo^  of  Committee  A.  therefore  cmsists  of  two  aectiims  which  are  growing 

together. 

First  Printed  minutes  and  evidence  taken  viv^  voce  at  meetings. 
Second.  Circulars  and  replies  sent  by  witaiesses  who  do  not  wish  to  attend. 
It  is  proposed  that  these  secticms  appear  in  the  appendix  when  complete. 

15.  The  system  has  been  approved  and  adopted  by  committees  A,  0.,  D. 

16.  Sub-Beport  On  evidence  thus  collected  tiie  report  of  eadli  Committee,  must  be  founded. 
Each  branch  of  the  sulgect  may  be  sub-divided,  as  will  fq>pear  ftom  a  reference  to  the  questions : 
and  the  work  of  this  Committee  will  be  snb-divided  and  assigned  to  difiisrent  reporters,  as  I  am  led 
to  nnderatand. 

17.  Fvrumce.  An  estimate^  for  which  see  Minutes,  has  been  sanctioned.   The  expenditure  thus  Payment  of 
far  consists  chiefly  of  payments  to  witnesses  examined  viv&  voce,  made  under  the  authority  of  a  witnesses, 
letter  printed  on  page  38. 

From  the  absence  of  a  scale  of  charges  which  will  meet  all  cases  these  payments  have  been 
acnnewhat'  ^barrassing.  Charges  vary  from  741. 10$.  6d.  downwards,  but  many  of  those  who  have 
given  most  valuable  evidence  have  made  no  charge  at  all. 
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Jaly  1868 ;       19.  C&mmUtee  B.  have  met  five  times.    They  have  prepared  and  circulated  a  set  of  qiUBtioiiB  as 
Se&'BBepOTt  to  waste  in  combusUon,  bat  no  evidence  has  been  got,  so  far  as  I  am  informed. 
B  The  proceedings  have  been  drcnlated,  uid  to  item  I  beg  to  refer. 

0  20.  C(ymmittee  C.  have  met  eight  times,  and  meet  again  here  on  the  16th  of  July  at  noon. 

21.  Their  proceedings  are  similar  to  IJiose  of  A.,  and  the  work  has  hem  similarly  treated 
thxu  far. 

22.  For'some  unexplained  reason  witneasee  examined  before  C.  have  not  returned  the  manuasripts 
regularly,  and  their  work  is  not  so  &r  advanced  as  the  work  of  A. 

Tor  the  nature  of  the  evidence  I  beg  to  refer  to  the  printed  papers  which  have  been  or  whidi 
now  are  sent  to  you. 

D  23.  Cmrvmittee  D.  have  met  14  times,  and  they  have  acljoumed  till  October. 

24.  Their  proceedings  are  similar  to  those  of  A.  and  C.  and  they  have  been  similarly  treated. 

25.  AU  the  work  done  thus  far  by  B.,  is  now  ready  for  publication  in  the  Appendix,  except 
certain  maps,  and  the  evidence  of  the  last  witn^s  examined,  which  is  set  up  in  uip,  and  will  be 
drcolated  as  soon  as  it  is  corrected  by  Professor  Bamsay,  who  has  tiie  whole  or  his  evidenoe  in  type. 

I  beg  to  refer  to  the  printed  papers. 

2  26.  CoTivimiiee  E.  have  met  five  times.  They  are  collecting  mineral  statistics  by  the  issne  of 

circulars,  and  by  the  persomJ  application  of  Kr,  Hunt.  A  vast  amount  of  infonnation  has  been 
collected  and  will  be  arranged,  but  it  u  not  thought  necessary  to  hold  formal  meetings,  or  to  print 
the  incomplete  evidence.    I  beg  to  refer  to  the  printed  Minutes. 

Distriets.  27.  S^mU  coal  dAstrieta.  On  the  10th  of  October  1866  (Minutes,  page  14)  &itish  coal  regions 
were  divided  into  t^  districts  in  which  members  of  the  Commis^on  are  now  meamzing  and 
estimating  quantities  of  coal  worked  and  unworked. 

28.  Fmcmce.  They  have  paid  assistants,  and  the  printed  estimates  show  the  probable  cost  of 
this  mineral  survey  in  each  case.    This  is  by  fai*  the  most  important  and  costly  branch  of  the  inquiry. 

29.  Of  these  ten  members  no  one  has  yet  reported,  but  the  work  is  far  advanced  in  some  distiicts 
and  it  is  rapiiUy  advancing  in  all,  so  far  as  X  am  informed. 

30.  In  consequence  of  difficulties  the  nature  of  which  will  appear  &om  the  MiTii^t^w^  this  section 
of  the  work  did  not  actually  begin  tUl  the  end  of  June  1867. 

31.  Sub-Beparts.  Five  committees  and  ten  members  are  thus  collecting  information  on  wfaidi 
to  found  at  least  15  separate  reports,  and  of  these  many  may  be  largely  sub-divided. 

32.  So  far  as  I  know  each  of  these  15  bodies  will  report  independently  to  the  Commissi<m,  and 
each  must  select  some  one  to  draw  up  the  report 

33.  Secretary's  Department.  The  papers  now  sent,  together  with  those  formerly  sent  and  this 
report,  give  a  complete  view  of  the  work  done  and  to  be  done  so  far  as  I  am  able  to  give  it;  and 
tMs  statement  may  be  useful  to  show  what  tiie  work  of  a  Secretary  to  the  Boyol  Commiasion 
really  is. 

Office,  .  34.  0£ic6  work.  Thus  £Eir,  general  correspondence,  correspondence  with  public  offices,  keeping  of 
minutes  and  various  book^  finance,  editing,  and  printing  a  large  volume  hy  many  hands,  custody 
of  money,  and  rendering  acoouuts,  posting  letters,.  &c.  &&,  have  all  been  managed  by  the  secretary 
withont  aid,  except  the  occasional  employment  <^  a  derk  at  a  shilling  an  hour,  and  the  payment 
of  a  small  fee  to  the  office  keeper  at  the  Lpcal  Government  Act  Office  for  franlking  letters.  The 
salaiy  is  400^  a  year. 

BepOTC  34,  Qener<d  Report.  It  will  be  for  the  Commission  to  decide  on  the  course  which  th^  will  take 

as  to  their  report,  but  I  veuture  to  suggest  the  following  considerations. 

36.  As  each  member  of  the  Commission  is  also  a  member  of  every  Conmiittee,  and  has  all  the 
papers  sent  to  him,  possibly  tiie  general  body  may  adopt  the  reports  of  the  five  Committees. 

36.  If  the  reports  of  members  who  work  in  separate  coal  districts  are  drawn  lip  on  the  same  plan, 
it  may  be  possible  to  embody  them  in  the  general  report,  and  to  give  quantities  in  a  tabular  form. 
A  schedule  prepared  with  that  end  in  view  is  in  the  hands  of  members,  and  has  been  largely  used, 
as  I  believe.    To  it  I  beg  to  refer. 

37-  PvhUcation.  The  final  arrangement  of  the  blue  book  may  be  as  follows : — 

1.  Commission. 

2.  General  report,  giving  quantities  ascertained  in  a  tabulu*  form,  with  a  grand  totaL 

3.  BeportJS.  On  statistics,  including  the  actual  production  and  disposal  of  the  coal  now  worked 

in  the  United  Kingdom. 
4  and  5.  B  and  C.  Conclusions  as  to  present  waste  and  possible  saving  in  winning,  and  in  using 

the  coal,  referred  to  in  2  and  3. 
6  and  7.  A  <md  D.  Conclusions  as  to  the  possibility  of  increasing  the  area  of  supply  by  winning 

cool  at  depths  as  yet  untried,  and  in  districts  whidi  are  supposed  to  contain  hidden  omI 

basins. 

8.  General  conclusions  on  the  whole  subject  of  coal  supply  on  which  so  many  interests  depend, 

and  which  is  perhaps  the  most  important  subject  tikat  has  ever  been  left  to  a  R^l 
Commission. 

9.  The  appendix,  otrntaining  the  evidence  arranged  on  the  plan  which  has  been  approved  by 

Committees  A,  C,  D.,  and  which  is  illustrated  by  the  printed  papers  which  nave  been 
circulated,  and  to  which  Z  b%  onoe  more  to  refer. 
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37.  Time.  Judging  &oin  work  already  done  by  this  and  by  several  other  commisaionSj  on  which  Jaly  1868 1 
I  have  had  the  honour  to  serve  as  secretary,  I  think  it  possible  that  the  whole  may  appear  in  a  SeoreUr/*i 
angle  vohime  of  moderate  thickness  abont  this  time  next  year,  bat  as  the  Oommissioners  them-  ^POrt» 
B^ves  do  most  of  the  work  by  their  own  hands,  or  by  paid  assistants,  the  C(Hamismonws  them- 
selves are  best  able  to  form  an  opinion  on  this  poinl 

88.  The  following  list  prepared  by  the  Queen's  Printers  will  show  the  work  which  is  now  in 
typo. 

I  have  the  honor  to  be,  Sir, 

Your  obedient  Servant, 

J.  F.  Campbell, 
Secretary  to  the  Commission, 

and  acting  for  the  Committees. 


List  or  Pa^bs  pbintxd. 


1st  Jolj  1868. 

1.  Comnussion* 

2.  IGnntes  of  the  CommiBBioD  to  page  88. 

3.  Beport  by  the  Secretary,  July  1868,  of  which 

oopiea  have  bem  or  are  now  sent  to  ICemberB. 

4.  Tilmlar  finm  fca  npUn  of  infinmfttlmi  required. 

5.  Goierel  drcolars. 

CouMrrTES  A. : 

1.  Minutes  and  vivA  vooe  evidence/— j!8th  April : 

Mr.  Mimtt  Mr.  Ktuttekt,  corrected ;  waiting 
for  lithographic  diaf^uns. — 20th  May; 
Mr.J?H//,  Mr.  Lupton,  corrected.    Mr.  Brovm't 

evidence  in  manuscript  not  yet  received.— 
I7th  Jane :  Part  of  the  evidence  token 
(Mr.  ffi/nnt^s)  received  in  MS. 

2.  Circular  A  1.  and  replies.  Circulated. 

COMMITTBB  B. : 

1.  Minutes.  Circnlated. 

2.  Circular  B  1.  No  answers. 


OoxKiTTBa  C. : 

1.  Minutes  and  viv&  voce  evidence.— 29th  April: 

Mr.  Knowhgf  corrected  and  made  up. — 2lBt 
May:  Mr.  TVuram'g  evidence  (corrected  in  MS.) 
and  Mr.  Evan^  corrected,  and  made  up. — 18th 
Jane :  Lord  Mo»tyn*$  and  Mr.  Mammoths 
evidence  received  bj  printers  on  June  29th  { 
Mr.  QreemoeUt  rec^ved  July  1. — Waiting 
for  woodcuts  belonging  to  Mr.  Tmram's  and 
Mr.  Mammatt's  evidence. 

2.  Circular  C  1.  and  replies.  Circulated. 

COHHITTEE  D. : 

1.  Minutes  and  vivi  voce  evidence,  made  np  in 

douUe  column  and  now  circulated,  wltii  the 
exception  of  tlw  last  vitnessV  evidence,  which 
is  in  type  and  in  the  author's  hands. 

2.  Circular  u  1.  and  replies.   Now  circulated. 

CowfirrxB  £. : 

1.  Minutes.   Printed  separately. 

2.  Circularfl  £  1.,  E  2.,  printed  and  Bent  to  Mr  Hunt 

fat  distribution. 


BXPOBT  BT  Mb.  Frakks. 

August  21. 

Thk  following  correspondence  has  taken  place  since  Mr.  Campbell  left  Endand.  Although  there  Ur.  Franks, 
is  an  understanding  at  the  Treasury  that  the  enforcement  of  the  minute  of  the  29th  June  is  not  to 
affect  expenditure  (m  which  adva/neea  are  i/tiduded)  prior  to  t^at  date,  I  have  ventured  to  take 
upon  myself  the  reqwnsibility  of  haying  the  correspondence  printed,  so  as  eventually  to  form  part 
of  the  General  BnsinesB  Minutes.  It  seems  to  me  necessary  that  the  Commissioners  should  be  informed 
of  the  course  to  be  pursued  in  future ;  and  I  think  it  not  impossible  that  the  TreaBory  will  require 
the  repayment  of  a  portion  of  the  outstanding  balances  not  yet  accounted  for. 
These  are: —  £   a.  d. 

Inthehands  of  Mr.  Forster      -      -   806   0  2 

„  Mr.  Qeddes       •       -     59    5    8  Account  sent  November  16. 

„  Mr.  Hunt        -      -   200   0   0  Touchers  sent  October  6. 

M  Mr.  Prestwich  -       -   200   0   0  Amountssent  to  Treasury,  December  1868. 

„  The  Secretary    -       -    849  10    1  -  750t  paid  2l8t  October. 

But  the  Board  will  not  recognize  receipts  unaccompsnied  by  inner  vouchers,  and  the  whole 
(2,1142.  15a  11(2.)  is  considered  as  a  balance  for  whidi  the  Secretary  is  responsible.* 
I  trust  that»  in  doing  this,  I  may  meet  with  the  approval  of  the  OommissionetB, 

Chablbs  W.  Fbanks, 

2l8t  August  1868. 

*  December  10.— i$  now  undertiaod  thai  the  Conmis^ionert  themtelvea  will  he  dirtily  retpoiuihle  to  the 
TVeaniry  f9radwinee*mad4  previoui  to  the  order  of  Ut  July  1868^  and  thai  they  wiU  not  be  required  to 
rtpay  their  balttkcet^ 

J.  F.  Campbell 


IMSS.  ToLIX. 
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Juty^lS^  J  CHr,  Whitehall,  8th  July  1868. 

Inuary  '  I  aia  Greeted  by  Ur.  Secretary  Hardy  to  transmUi  to  yooi  for  tiie  iafianaatioa  aad  guidance 
Befoim«  OomnuBsijOii  of  which  yoa  are  Secretary,  the  endosed  copy  of  a  Treasuy  minute^  dated  the 

Ist  instant,  <sontaining  certain  regoUtions  on  the  subject  of  the  oontnd  and  disposal  of  fonde  held 

on.  accoont  of  temporary  commissions. 

I  am,  Sir, 

The  Secretary  to  the  Your  obedient  servant^ 

Coal  Commission.  A.  F.  0.  Lh>dell, 


TKEASimY 

Mptote, 
Change  of 

July  1. 


ExzBAOT  from  Treasury  Minute  of  1st  July  1868. 

Secretaries  to  temporary  commissions  ought  properly  to  make  payments  on  no  other  account 
than  what  may  be  strictly  termed  contingencies.  All  salaries  and  charges  of  any  considerable 
amount  should  be  paid  through  the  Paymaster  General,  and  application  should  be  made  to  the 
Department  imder  whose  control  the  temporary  commission  may  be  conducting  its  business,  for 
any  directions  for  payment  to  be  given  to  the  Pay  Office. 

The  secretaries  to  temporary  commissions  will  therefore  confine  their  payments  to  petty  cash, 
expenditure  for  weekly  pay  to  messengers,  oabs,  postages,  parcels,  &c. 


Pftynwut  of 
witoossos 
sanctumed 
AprO  1 1 
Muctiun 
withdrawn 
through 
M»De  over- 
sight? 
July  1. 


Coal  Commission, 
Committee  Boom  G,  House  of  Ixnds, 
Sir,  14th  July  1868. 

I  beg  to  acknowledge  the  receipt  of  your  letter  of  the  8th  inst,  endosiDg  copy  extoact  from 
Treasury  mmute  of  the  lat  July,  regarding  payments  to  be  made  by  secretaries  of  temporary  com- 
missions. 

I  have  duly  laid  the  letter  and  enclosure  before  the  Duke  of  Argyll,  Chairman  of  this  Commission, 
and  his  Grace  has  directed  me  to  state  in  reply,  that — 

So  recently  as  the  3rd  April  last,  that  is  to  say,  little  more  than  three  months  ago,  yon  transmitted 
to  me  copy  letter  of  the  Ist  April  from  the  Secretary  of  the  Treasury,  in  which  it  appears  that  the 
Paymaster  General  had  been  authorized  by  the  Lords  Commissioners  to  issue  to  the  Secretary  of 
this  Commission  the  sum  of  three  thousand  pounds,  to  meet  the  "  current  expenses  "  of  the  Commission, 
by  ii^uGh  term  the  further  tenour  of  that  letter  would  appear  to  point  to  such  expenditure  as  the 
remuneration  of  "  scientific  witoesses,'*  of  "  professional  persons  of  some  emin^c^"  smd  tikeir  travelling 
expenses  respectively. 

The  amount  thus  advanced,  and  the  character  of  payments  thus  recognised,  appear  to  differ 
widely,  in  degree  and  kind,  from  the  amount  and  character  of  payments  to  which  secretaries  of 
temporary  commissions  are  limited  by  the  recent  Treasury  minute,  and  in  the  absence  of  any 
reference  to  your  previous  letter  of  %rd  Apt^,  and  of  anything  else  to  show  directly  an  intention  to 
rescind  the  autiiorily  conveyed^  in  the  enclosure  therewith,  I  am  to  submit  whether  an  intimation 
should  not  be  made  that  the  ininute  oi  the  lat  inst  is  not  intended  to  a^^y  to  this  Ccunmiasion. 

I  am,  Sir, 

Toor  obedient  Servant, 

Chabugs  W.  Frakks, 

The  Hon.  A  F.  0.  Liddell.  for  J.  F.  Campbsu^  Secretary. 


Sir,  Whitehall,  6th  August  1868. 

With  reference  to  your  letter  of  14th  ultimo  inquiring  aa  to  the  operation  of  the  Treasury 
minute  giving  directions  as  to  the  accounts.  &c.  of  temporary  commissions,  1  am  directed  by  Mr. 
Secretary  Hardy  to  inform  you  that  tlw  Lords  Commissioners  of  the  Treasury  deure  that  the 
directions  laid  down  in  their  minute  of  29th  June  last  may  be  strictly  observed  by  the  Secretary  to 
the  Coal  Commission,  and  they  request  Uiali,  on  his  return  to  England,  Mr.  Campbell  will  place 
Nonpaymeut  buuself  in  communication  with  their  Lordships  with  a  view  to  directions  being  given  to  him  with 
c^imeaset.  regard  to  the  disposiU  of  the  money  in  hia  hands,  the  amount  of  which  under  the  altered  re^;ulationB 
may  be  oonjdderaUy  reduced. 

I  am.  Sir, 

Oharlea  Frank%  Esq.  Tour  obedient  servant* 

Goal  Commission.  A.  F.  0.  T.wmMj^ 
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Sir,  WHteball,  6tii  Ai^fooi  1898- 

I  am  directed  by  Mr.  Seontaiy  Hardy  to  infimn  yon  tiiat  the  Lords  Oommianonen  of  the 
Treasury  have  requested  that  in  future  the  aooounts  of  all  oomwaBOiaa  of  inquiry  should  be  sent  in 
through  this  Department,  and  that  they  should  be  certiBed  by  the  Secretary,  and  that  the  Chair-  Gertiflcato 
man  of  the  Commission  should  state  that  the  expenditure  for  which  the  account  is  rendered  has  i^oi'^* 
been  inonrred.  in  the  public  eervioe. 

I  Mn»  Sir, 

The  Secretary  to  the  Tonr  obedient  Serrant, 

Coal  Commiflsion.  A.  F.  O.  Lxsdell. 

Note. — This  order  mahet  the-  Secretary  and  Chairman  rewpoanbUf&r  the  expenditure  of  the  Qm- 
mitnoners,  of  the  nature  of  which  they  can  have  no  knowledge  beyond  the  accounts  rendered.  The  Secretary^ 
wha  it  the  servant  of  the  Commissioners,  is  thus  made  the  auditor  over  them,  and  the  Chairman  is  desired 
to  state  som^hing  of  which  he  cannot  know  anything  beyond  these  tame  accounts.  This  surely  ought  not 
to  he.  Asa  matter  of  form,  the  certifieate  is  perfecUy  useless  j  at  a  matter  of  fact,  Royal  Committioniers, 
who  are  styled  "  J^mty  and  teelWdoved,"  ot^hi  to  be  treated  as  trustworthy  persons, 

J.  F.  Camfbbll. 


Befobt  bt  the  Sbcbietabt,  9th  December  1868. 

The  Secretary  returned  to  JEngland  on  the  22nd  of  September,  and  having  been  informed  of  the  late 
changes  of  system  made  at  the  Treasury,  see  p,  42,  wrote  as  follows: — 

Coal  Commission, 

27th  Sept.  1868, 

Sir,  Conon  House,  Dingwall.  .  . 

During  my  absence  <m  leave,  an  order  has  been  made  by  the  Treasury  -whuih  changes  the 
financial  system  of  the  Commission  which  I  have  the  honour  to  serve  as  Secretaxy.    I  beg,  there-  ■ 
fore,  to  be  instructed  as  to  the  system  which  must  now  be  pursued. 

'After  a  correspondence,  which  begun  in  July  1866  and  ended  in  June  1867,  the  CommissionerB  Statementef 
were  authorized  to  begin  a  work  which  entailed  an  expenditure  roughly  estimated  at  20,0002.  facts. 
Detailed  estimates  wore  printed,  which  show  the  purposes  of  the  expenditure,  and  of  tbese  copies 
were  sent  to  the  Home  Office,    From  time  to  time  sums  were  advanced  to  me  as  Secretary,  and 
from  these  advances  were  made  on  demand  to  the  Commissioners,  who  gave  me  their  formal 
receipts.    These  were  payments  on  account  of  the  expenditure  for  which  TreaKiTy  sanction  had 
been  obtained,  and  these  receipts,  as  my  vouchers,  were  sent  quarterly  to  the  Home  Office  for 
audit,  tc^ether  wiUi  my  quarterly  accounts,  and  with  "inner  Youohers."   Ihese,  in  this  case,  are 
receipts  for  each  payment  made  by  the  Commiasionm  to  persons  whom  they  employ  under  0 
Treasury  sanction,  at  rates  fixed  by  their  Lordships. 

I  am  informed  by  Mr.  Franks,  who  acted  for  me  in  my  absence,  that  "  inner  vouchers  "  havu 
not  yet  been  sent  in  by  all  the  Commiasioners,  whose  receipts  for  my  payments  to  them  were  sent 
with  my  last  account  at  the  end  of  Jun&  I  have  written  for  these,  and  when  they  are  furnished 
I  believe  tlutt  the  accounts  of  the  Ccnnmisaion  will,  as  hitherto,  meet  with  their  Lordships* 
approval.  • 

Considering  the  extent  and  nature  of  the  work  done  and  to  be  done  by  unpaid  Commissioners, 
who  have  undertaken  this  important  public  service,  it  seems  probable  that  their  Lordships  will  not 
wk  ^e  Commisenoners  to  advuice  money  of  their  own  to  the  persons  whom  they  are  auth(»ized 
to  employ  in  making  this  national  mineral  survey.  In  fuiy  case,  I  beg  now  to  be  instructed  how  Asking 
the  Commiamoners  are  to  obtain  funds  under  the  Treasury  order  of  July  1st,  which  forbids  the  insbractions. 
Secretary  to  make  any  considerable  payments  in  future^  and  which  instructs  him  to  make  appli- 
cation to  the  Home  Office  for  directions  for  payment  to  be  given  to  the  Pay  Office.  I  have  already 
received  an  application  for  an  advance  under  this  head. 

The  expenditure  of  this  Commission  also  indudes  the  payment  of  witnesses  examined  before  Witoeeses, 
committees,  &c,  under  a  Treasury  letter  of  April  1,  1868.    Various  sums  are  now  due  under  this  Ist  ApriL 
head,  for  whidi  provision  must  be  made  under  the  new  sjrstem. 

I  am  directed  by  your  letter  of  the  5th  instant  to  place  myself  in  communication  with  their  Seeretarj'B 
iKndships  as  to  the  dieroosal  of  my  balance,  849L  10s.  Id    I  have  the  honour  to  state,  for  their  balanoe. 
Tjordships'  information,  that  public  money  advanced  to  me  was  placed  to  a  separate  account  at  the 
Union  Bank  of  London,  and  that  I  await  their  Lordships'  order  as  to  the  disposal  of  the  balance  ■ 
in  hand,  together  with  any  interest  which  the  bank  may  allow. 

I  hope  that  it  will  not  be  considered  necessary  for  me  to  travel  to  London  before  the  next 
meeting  of  the  Commissioners,  and  that  my  expenses  may  be  allowed  if  I  am  required  to  place 
myself  in  personal  communication  with  the  Treasury  before  the  Commissioners  meet 

Letters  addressed  to  me  at  Committee  Boom  G,  House  of  Lords,  will  be  forwarded  and 
attended  to. 

.  I  am.  Sir, 

Your  obedient  servant, 

J.  F.  Campbell. 


a  2 

Digitized  by 


Google 


44 


October,       Sir,  Whitehall,  14th  October  1868. 

1868,  I  have  laid  before  Mr.  Secretary  Hardy  your  letter  of  the  27th  ultimo^  pointing  ont  the 

Official.  difficulties  arising  from  the  late  regulation  made  by  the  Lords  OommissioneiB  of  the  Treasury  in 
What  respect  of  the  accounts  of  temporary  commissions,  and  I  am  to  transmit  to  you  herewith  a  copy 

difflcnltiea  ?  ^  letter  from  Uieir  Lordships  giving  reasons  showing  the  necessity  for'  the  accoonts  of  the  Coal 
Cloramiasion  to  be  kept  according  to  those  r^pilationsi  and  to  rec[ue8t  that  you  vill  act  in  accord- 
ance with  the  ir^tructions  contained  in  it. 

I  am,  Sir, 

J.  F.  Campbell,  Esq.,  Your  obedient  servant^ 

Secretaiy  to  the  Coal  GommiBsion.  Jno,  E.  Hicks  Beach. 


Mine  were 

approved.* 

J.F.a 


Mr.  Campbell 
urged  no 

objections. 
See  page  43. 


It  was  not 
objected  to 
in  former 
accounts. 


Course 
under  the 
new  BjBtom. 


The 

Treasury 
letters  prints 
ed  above  ? 


(Copy.) 

Treasury  Chambers, 

Sir,  12  October  1868. 

X  am  commanded  by  the  Lords  Commissioners  of  Her  Majesty's  Treasury  to  aeqiuunt  you, 
for  the  information  of  Mr.  Secretary  Hardy,  that  their  Lordships  have  found  it  necessary  to  lay 
down  a  rule  confining  the  payments  to  be  made  by  the  secretaries  to  temporary  commissions  out 
of  funds  entrusted  to  them  to  small  sums  for  petty  cash,  &c. 

This  course  has  been  adopted  in  consequence  of  the  irregularity  which  their  Lordships  have 
observed  in  the  accounts  of  certain  of  the  commissions,  and  which  has  hitherto  rendered  almoat 
impossible  the  proper  examination  of  thcwe  aocoouta ;  while,  at  the  same  time,  their  Lordships 
have  been  preventeid  from  exercising  a  proper  check  over  the  e^ienses  of  such  cfnnmissions,  whidi 
check  it  is  manifestly  their  Lordships'  duty  rigidly  to  maintain. 

The  results  of  the  new  regulations  have,  as  far  as  iJiey  have  gone,  been  eminently  satis&ototy, 
and  tbo  objections  which  Mr.  Campbell  urges  against  them  have  not  been  borne  out  by  tiie 
experience  of  other  commissions. 

Their  Lordships  are  by  no  means  of  opinion  that  ConunissionOTS  shoald  be  obliged  to  advance 
money  from  their  private  resources  for  the  carrying  out  of  public  objects.  They  do  not  r^;ard  it 
aa  a  part  of  the  Commissioners*  duty  to  make  any  payments  whatever.  On  the  contrary,  one  of 
the  objects  of  their  Lordships^  regulations  is  to  prevent  the  payment  by  the  Commissioners,  or  by 
the  Secretary  under  their  directions,  of  accounts  for  services  rendered  by  order  of  the  Commis- 
sioners which  have  not  undergone  scrutiny  by  their  Lordships*  depfu*tment 

Tlie  practice  adopted  by  Mr.  Campbell,  of  making  advcmces  to  the  Commissioners,  is  highly 
objectionable  in  every  way,  and  leads  to  great  complication  of  the  accounts,  which  is  shown  by 
the  fact  that  in  his  account  for  the  quarter  ended  30th  June  Mr.  Campbell  claims  credit  for 
expenditure  amounting  to  4,478/.  16s.  8d.,  while  he  produces  vouchers  whicn  my  Lords  can  accept 
only  for  3,2132. 10«.  lOd.  The  remainder,  being  balances  of  advances  made  by  Mr.  CampbeU,  caimot 
be  taken  as  vouchers  to  his  account. 

The  mode  in  which  expenditure  incurred  by  the  Coal  Commissioners  'should  be  defrayed  will 
be,  that  when  they  find  it  necessary  to  employ  persons,  either  as  mining  engineers  or  in  any  other 
capacity,  they  should  engage  them  on  the  terms  sanctioned  by  this  Board ;  and  upon  tlie  completion 
of  their  service  (or  before  that,  if  they  should  require  payment  upon  account,)  their  claims  shoald 
be  submitted  through  your  Department  for  payment  by  thd  Paymaster  General,  under  orders  ^lirect 
from  tiieir  Lordships. 

By  the  adoption  of  this  course  there  will  be  no  occasion  for  advances  to  the  Commissioners  for 
payments  to  be  made  to  other  persons. 

If  it  shoald  be  found  absolutely  necessary,  their  Lordships  will  be  prepared  to  make  small 
advances  to  the  Commissioners  themselves,  for  which  advances  they  will  be  themselves  accountants 

to  this  Board. 

I  am  to  add,  that  it  lias  been  impossible,  up  to  the  present  time,  to  examine  Mr.  Campbell's 
account  to  30th  June,  for  want  of  proper  vouchers,  and  in  the  absem^  in  some  cases,  of  particulars 
in  vouchers  which  would  in  other  respects  be  deemed  sufficient. 

Mr.  Campbell  has  also  omitted  to  refer  to  the  authorities  in  each  case  by  which  the  rates  of 
payment  have  been  governed,  an  omission  which  causes  great  additional  labour  in  this  Department ; 
but,  aa  far  as  their  Lordships  can  judge,  from  a  partial  review  of  the  account  in  question,  and  without 
committing  themselves  to  any  admission  as  to  the  correctness  or  otiierwise  of  the  account,  it  would 
appear  that  Mr.  Campbell  holds  in  his  own  hands  the  sum  of  8492.  109  Id.,  a  sum  which,  under  the 
revised  system,  is  for  in  excess  of  what  he  should  be  allowed  to  retain. 

Their  Lordships  are  of  opinion  that  Mr.  Campbell  should  therefore  repay  into  the  hands  of  the 
Paymaster  General  the  sum  of        of  this  balance. 

He  will  then  retain  quite  sufficient  to  meet  any  petty  cash  payments,  and  they  have  given 
authority  to  the  Paymaster  General  to  receive  that  sum  from  him  accordingly. 

I  am,  &C., 

The  Hon.  A.  F.  0.  Liddell  (Signed)      Geo.  A.  Hakilton. 


Note. — Tlie  Secretary  has  reastm  to  bel^ve  HuU  this  letter  was  wriiten  under  eame  mist^prehentim: 
the  natural  result  of  a  radical  chaise.  He  has  no  desire  to  "  urge  chjections  ^  toa  new  rule  which  reBcoa 
him  from  from  the  custody  of  m<nMy,from  keying  accounts,  andfhm  correspondence  about  tftm. 
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Coal  Commission,  ■        /x  . 

Committeo  Room  G,  House  of  Lords,        igS  * 
Donrobin,  Golspie,  nffi/.;.i 
Sir,  October  I7th,  1868.  *^ 

1  ^ave  the  honour  to  acknovledge  the  receipt  tUs  day  of  your  letter  of  the  14th  instant,  and  AoriL 
its  indoeures.  I  beg  to  state,  in  reply,  that  I  have  instructed  my  bankers  to  pay  to  the  Paymaster  WitnMiea. 
General,  on  account  of  the  Coal  Commission,  the  sum  of  7502.  I  have  sent  the  correspondence 
to  be  printed,  and  as  soon  as  copies  are  struck  off  I  will  send  one  to  each  of  the  Commissioners 
vhom  I  serve  as  Secretary.  I  shall  be  glad  to  obey  their  Lordships*  fiirther  instructions  as  to  the 
payment  of  witneBSes,  &&  I  beg  respectfully  to  point  out  that  I  have  iu^;ed  no  objection  what- 
soever to  their  Lordships'  nevr  rulesi  which  I  am  anxious  to  cany  out  so  far  as  I  am  able. 

I  am,  Sir, 

Tour  obedient  servant, 

J.  F.  CahpbeZiL, 


CiBOUlAB  TO  C(nofissiONEBS,  October  17th. — J.  F.  C. 

GenUemen,  October  17tl^  1868. 

I  beg  to  call  your  attention  to  the  official  correspondence  relative  to  the  new 
niles  made  by  the  Lords  of  the  Treasury,  as  to  payments  m  respect  of  expenses  incurred 
by  Royal  Commissions. 

I  am 

Your  obedient  servant, 

J.  F.  Campbell,  Secretary. 


ClBCULAB,  December  9  th. 

The  following  letters  show  that  up  to  the  2nd  of  June  1868,  their  lordships  found  no  fault  with  the 
ancient  practice  condemned  in  the  letter  of  October  12, 

7^  system  of  accounting  was  used  by  the  Secretary  to  the  Light  House  Commission  in  1859,  and 
thenceforth  to  the  ZOth  June  1868.  T/te  advance  of2fiOQl  on  the  %th  June  1868,  eartfirms  the  opinion 
that  their  lordnhips  found  no  fault  with  the  expenditure  of  the  Coal  Commissioners  up  to  1st  July  1868. 

The  change  of  system  made  at  the  Treasury  by  a  minute  dated  June  29M,  could  have  no  reference  to  the 
account  sent  June  30<A.  Jt  therefore  appeared  unjust  to  condemn  the  system  on  the  12th  of  October^ 
which  had  been  formally  approved  by  the  Lords  of  the  Treasury  for  about  nine  years,  as  if  it  were  neWt 
and  a  device  of  Mr.  Campbell's,  and  objectionable.  For  these  reasons  it  was  assumed  that  some  mis- 
apprehension had  arisen  which  could  easily  be  removed,  and  such  turned  out  to  be  the  case. 


Sir,  Treasury  Chambers,  2nd  June  1868. 

The  Lords  Commissioners  of  Her  Majesty's  Treasury  having  directed  the  examination  of  Approving 
the  account  rendered  by  you  as  secretary  to  tiLe  Coal  Commission,  for  the  quarter  ending  31st  accoonts  to 
Mardi  1868,  amounting  to  1,8692.  6a.  2d.,  their  lordships  desire  me  to  signify  to  you  their  approval  31rt  March, 
thereof. 

X  am,  &&, 

The  Secretary  to  the  Coal  Commission,  W.  Q.  Hamilton. 

Committee  Room  G, 
House  of  Lords. 


Sir,  June  1,  1868. 

I  have  the  honour  to  request  that  yon  will  move  the  Lords  of  the  Treasury  to  advance  to  me  Asking  for 
the  sum  of  2,0002.  on  account  of  the  Coal  Commission.    The  balance  in  my  hands  is  nearly  money, 
exhausted,  and  I  shall  shortly  be  called  on  to  pay  further  amoimts  in  respect  of  tiie  estimated  Ut  June, 
expenditure  of  the  Commission.   I  beg  to  refer  to  the  printed  estimates  to  my  letter     March  17, 
and  the  Home  Office  reply,  April  3rd,  1868. 

I  am,  &c., 

The  Honorable  Adolphus  Liddell,  J.  F.  Caupbell. 

Home  Office. 


Sir,  Whitehall.  8tb  June  1868. 

I  am  directed  by  Mr.  Secretary  Hardy  to  inform  you,  with  reference  to  your  letter  of  the  Adruicing 
1st  instant,  that  the  Lords  Commissicmers  c£  Her  Mi^jesty's  Treasury  have  authorized  the  Paymaster  mon^. 
General  to  issue  to  yon  the  sum  of  two  thoasand  poimds  (2,000^),  for  the  current  expenses  of  the  8th  dime. 
Coal  GommissioiL 

I  am,  &C., 

J.  F.  Campbell,  Esq.,  Jakes  Febgusson. 

Secreta^  to  the  Coal  Commission, 
Committee  Boran  O, 
House  of  Lorda 
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CntcuLAR  TO  THE  CoMMiSSioirEBS,  December  9  th. 

9th  Dec.  3^  Jblhwinff  "  Semi-Offieial**  and  "  Official*  letters  witt  injwrm  the  Commissioners  what  has  been 

1868.  donie  since  the  receipt  of  the  "  official  letter  *  of  October  12,  p.  44. 

There  has  been  private  correspondence  with  the  Commissioners  and  with  the  Apartments  which  is  not 
printed  ;  bvt  all  letterst  "  official,^  **  semi-official/*  and  "  private'  which  bear  on  commission  ^finance,  are 
preserved.  The  Secretary  has  been  in  personal  ctmmuiueaHon  wWi  Mr.  Broughian,  and  Aron^  him 
he  has  endeavoured  so  to  influence  the  Lords  Comnds^oners  of  Her  Me§e^s  TVeasuryf  as  to  adoomee 
the  official  work  of  the  Coal  Commission  as  much  as  possible,  and  faeUitate  work  at  the  Treasury. 

After  a  sudden,  unexpected,  and  complete  charge  of  system  Wee  that  which  was  made  by  the  IVeantry 
order  of  July  Ist,  1868,  it  takes  time  and  manayement  to  get  new  matMnery  into  worlany  order;  €md 
the  Secretary  hopes  that  the  Commissioners  will-assist  him  and  the  authorities  at  the  Treasury  in  striving  to 
work  aeeormng  to  the  new  mles, 

J.  F.  Cahpbell. 


Semi-official. 
1827. 


Semi-official. 
1828. 


WitnesaeB. 
Piffe4». 


Semi-offlciaL 
1386. 


SecretaiyB 
Beport, 
pica  88. 


My  dear  Sir,  October  1868. 

I  Bee  by  the  letter  addresed  by  you  to  the  Home  Office  on  the  I7tli  instant,  ■which  has  been 
fiurwuded  to  this  department,  that  yon  have  returned  to  town,  and  as  it  is  desirable  iJiat  I  should 
ha'TB  some  conversabon  with  yon  on  the  subject  of  your  aooonnt^  and  the  mannw  in  whidi  the 
expenses  of  your  Commission  are  in  future  to  be  pftid,  I  must  request  that  you  "will  be  good  enough 
to  call  here  on  some  early  day.  I  am  obliged  to  be  absent  from  to'wn  tomorrow,  but  shall  be  here 
on  Saturday  and  every  day  next  week  except  Tuesday  and  Friday. 

I  need  not  assure  you  that  every  endeavour  will  be  made  by  me  to  fitoilitatethe  financial  bosinesB 
of  the  Coal  Commission,  and  I  am  confident  that  you  will  find  that  the  measure  which  the 
Board  of  Treasury  has  found  it  necessary  to  adopt  will  relieve  you  of  a  great  deal  of  trouble  and 
responsibility. 

I  am,  &C., 

J.  Campbell,  Esq.  T.  DBLVES-BBOiraHTON, 

Conon  House,  BingwaU, 
My  dear  Sir,  October  27,  1868. 

I  regret  that  the  date  on  some  of  my  letters  should  have  misled  you.  I  am  still  in  the  north, 
for  I  have  no  work  that  requires  my  presence  in  London.  I  will  wait  upon  you  as  soon  as  I  go 
south.  I  sent  last  Sunday  a  printed  copy  of  the  official  correspondence  to  each  member  of  l£e 
Commission,  and  I  wrote  at  the  same  time  to  the  Duke  of  Argyll,  our  Chairman,  who  ia  in 
London.  I  asked  him  to  call  on  you.  Till  I  see  yon  I  shall  continue  to  obey  official  orders  and 
forward  all  applications  for  money  to  the  Home  Office. 

On  my  own  account,  I  am  very  glad  of  the  diange,  which  relievee  me  horn  duUes  which  the  last 
official  letter  describes  as  "  objectionable.'^  If  censure  be  implied,  I  object  to  be  censured  for  obeying 
the  Commissioners  whom  I  was  appointed  to  serve,  and  to  the  attempt  to  make  me  responsible  for 
their  dealings  with  money  which  was  given  to  me  for  them.  In  other  respects  I  think  the  chai^ge 
a  very  good  one,  and  I  shall  be  vny  gmd  to  asaistyon  in  filling  in  details  which  are  atill  tmprovided 
for. 

I  am,  &C., 

J.  F.Oaxpbeju 

Conon  House,  DingwaO, 
My  dear  Sir,  October  29, 1868. 

I  now  think  it  probable  that  our  chairman  may  not  call  upon  you.  He  does  not  want  me 
in  London,  but  I  mean  to  be  there  in  a  short  time,  and  I  will  tiien  wait  up<m  you.  Meantime,  as 
you  have  written  to  me,  perhaps  I  may  assist  you  by  writing  my  own  views  as  freely  as  I  would 
speak  them.  Use  my  letter  as  you  -will,  but  don't  count  it  an  official  communication.  If  you  -will 
take  the  trouble  to  read  the  enclosed  printed  report,  you  -will  have  the  most  succinct  account  of 
■the  work  of  the  Coal  Commission  which  I  am  able  to  give.  You  can  easily  get  from  the 
{ffinters  a  complete  copy  of  the  Minutes  if  you  wish  to  refer  to  the  eatimates  and  official,  oor- 
reroond^ce. 

You  -will  see  that  money  is  now  "wanted  in  ten  districts  for  purposes  similar  to  those  for  which 
^ou  have  now*  advanced  money  to  Mr.  Hunt,  and  for  other  purposes.  I  think  that  you  wiH  find 
it  best  to  advance  money  to  the  Commissioners  who  have  these  ten  districts  in  hand,  on  acoomit 
of  their  estimates  which  were  sanctioned,  and  to  account  directly  with  them.  In  dealing  with 
them,  I  would  suggest  that  matten  of  form  should,  as  much  as  possible,  be  subservient  to  reel 
work.  By  "  work/'  I  mean  the  getting  of  money's  worth  and  sufficient  security  for  money.  Many 
of  these  Commissioners  are  professional  men,  used  to  be  trusted,  and  to  deal  with  lazge  anma. 
They  are  serving  the  pabHo  gratis,  and  may  &irly  look  for  as  much  consideration  as  they  an 
wont  to  receive  from  employers  who  pay  them  liberally.  I  give  a  few  examples  to  ilhuteate  my 
meaning. 

1.  I  sent  yesterday  a  claim  from  Mr.  Dickinson.  I  would  suggest  that  direet  caDumaiication 
be  opened  with  him,  and  that  he  be  treated  like  Mr.  Hunt 

2.  Mr.  Prestwich  has  a  balance  in  hand,  part  of  the  money  which  was  advanoed  to  him  by  me 
(Toucher  K  in  my  last  account).  He  lately  offered  to  return  his  balance,-  and  I  advised  him  to 
spend  it  in  doing  an  important  geological  work,  on  whifdi  he  is  at  this  m<»nent  engaged,  and  to 
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aooouab  for  it  I  would  suggest  that  Kr.  Frestwich  should  have  money  advanced  to  him  when  he  October 
has  accounted  for  his  balaooe,  and  so  on,  tiU  his  estimate  is  exhausted.  1868.  • 

3.  Kr.  Forster  also  has  a  balanoe  (Voucher  A  in  my  last  aocoont).  In  his  business  Mr.  Forster  Semi-officiaU 
has  chaise  of  enormous  intwesfcs  in  the  north  of  England  as  a  leading  man  amongst  coal  viewers, 
and  he  will  doubtless  render  accurate  aocountSj  though  he  has  not  done  so  in  time  for  (he  quarterly 
aooounts  which  I  am  ordered  to  render.  Kr.  Geddes  (Voucher  F),  is  in  the  same  position  of  leading 
mining  engineer  in  Scotland*  sad  he  also  holds  a  smaU  balanoe.  It  seems  to  me  that  in  these 
oases  you  had  better  wait  till  the  CommiswionWB  have  spent  t^keai  bahmoes,  and  accounted  for  their 
expenditure,  and  then  opea  direct  commuxucations  with  them,  and  treat  them  as  "  their  lordships  " 
treated  Mr.  Hunt. 

Meantime  the  accounts  of  the  Commission  under  the  former  system  must  be  treated  according  to 
their  lordships'  pleasure.  I  may  say  to  you  that  it  is  unjust  to  pitch  into  me,  because  my  marters 
have  not  accounted  quarterly  a4!oordiiig  to  rules  made  for  me,  and  not  for  them,  and  for  doing  that 
winch  their  lordships  have  done  in  the  case  of  Mr.  Hunt. 

Again,  I  find  that  Secretary  and  Chairman  are  desired  to  "  certify "  certain  accounts.  I  don't  48. 
clearly  understand  which,  butl  would  suggest  that  only  the  man  who  q>ends  the  money,  whoever  he 
may  be,  should  certify  "  that  he  spends  it  properly,  and  that  the  auditor,  whoever  he  may  be,  should 
v«nfy  the  account  and  statemeai  In  this  case  I  am  perfectly  ready  to  certify  to  my  own  accounts, 
but  neither  chairman  nor  secretary  can  honestly  certify  the  doings  of  individual  commissioners  in 
ten  different  districts.  Moreover,  the  secretary  ought  not  to  be  set  over  his  maeter,  the  commis- 
noner,  as  auditor  in  the  first  degree.  If  he  is  made  auditor,  the  secretary  ought  to  have  pay  and 
assistance,  and  he  ought  not  to  be  appointed  by  the  men  whose  accounts  he  is  to  audit 

Again,  as  to  the  payment  of  witnesses,  for  which  no  provision  is  made  by  the  new  rules,  men 
make  such  various  estimates  of  the  value  of  their  evidence,  that  it  is  difficult  to  make  generaJ  rules 
about  pay.   I  think  that  the  chairman  of  the  meeting  which  examines,  ought  to  sign  the  bill  of  the 
witness,  and  that  the  office  which  controls  or  pays  ought  to  deal  with  the  witness  and  chairman,  if  Witneasefc 
there  be  'anything  amiss.   Something  ought  to  be  done ;  for  I  have  fireqnent  letters  from  witnesses  f 
who  want  pay,  and  I  am  forced  to  answer  that  I  don't  know  how  they  are  to  get  it  April. 

In  conclusion,  I  have  served  as  assistant  secretary  in  one  small  department,  and  I  know  my  way 
about  public  offices  generally.  I  have  gained  experience  as  secretary  to  several  royal  Commissions, 
and  I  think  ^that  the  new  rule  is  sound  in  pzinaple,  and  a  boon  to  secretaries.  We  were  powerless 
between  masters  who  demanded  their  money,  and  other  masters  who  demanded  our  masters' 
vouchers,  and  we  got  what  sailors  call  **  monkey's  allowance"  more  kicks  than  halfpence. 

•  I  am,  &  C. 

V.  Delves-Broughton,  Esq.  J.  F.  Campbbll. 


Conon  House,  Dingwall, 

Hy  dear  Sir,  November  1,  1868. 

A  Treasniy  letter,  dated  October  12,  directed  me  to  pay  7602.  to  the  Paymaster  General   It  Senu-ofBdal 
was  forwarded  from  the  Home  Office  on  the  14th  ;  it  was  received,  and  a  reply  was  written  on  the  184(K 
I7th,  on  which  day  an  official  letter  was  written  (14,856)  to  inform  me  that  the  Paymaster  General 
had  been  authoruEed  to  receive  the  money.    Having  no  receipt,  I  wrote  to  my  bankers  on  the  28th, 
and  I  learn  from  them  that  the  money  was  paid  <m  the  21st   I  presume  tiist  I  dmll  have  an 
official  acknowledgment  as  a  matter  of  form.* 

A  letter  dated  27th  October  informs  me  that  Mr.  Forster  will  shortly  render  an  account  ea^ 
ported  by  vouchers,  and  that  he  will  offer  to  repay  his  balance. 

Mr.  Geddes  and  Mr.  Prestwich  will  do  the  same  if  required. 

The  accounts  of  the  Coal  Commission  under  the  old  system  can  be  squared  whenever  it  is  desired, 
and  I  shall  be  glad  to  know  piTOtely  or  officially  how  it  is  to  be  done,  so  that  I  may  inform  the 
Commissioners  to  whom  they  are  to  repay  their  balances,  if  they  are  to  do  it 

The  principle  of  the  order  of  July  1st  is  to  make  the  Commissioners  directly  accountable  to  the 
Treasury.  The  principle  of  part  of  the  letter  of  October  12th  is  to  make  them  accountable  to  their 
eecretaiy,  and  to  hold  him  responsible  for  their  dealings  with  money,  for  which  they  gave  him  their 
written  orders  and  formal  recupte  which  accompanied  the  aooonnte  as  vouchers.  The  mcmey  was 
given  to  the  secretary  without  any  special  instmctionB,  for  purposes  expluned  in  tiie  estimates  of 
the  Commissioners,  who  were  officially  authorized  to  begin  the  work  for  which  their  estimates  were 
mven,  and  no  objection  was  made  to  the  system,  when  the  fwmer  accounts  were  rendered,  the  P^e  * 
Commissioneis  &iled  to  send  inner  vouchers  in  time.  Practically,  it  does  not  much  matter  which  12th  Mardi 
prindple  governs.  The  money  is  as  safe  in  the  hands  of  the  Gonuoissioneis  as  in  those  of  the  Pay- 
mas^  General ;  but,  as  a  matter  of  form,  it  seems  most  reasonable  and  consisfcent  to  stick  to  the 
new  principle. 

The  Treasury  can  speak  even  to  unpaid  volunteers  with  some  authority ;  the  secretary  to  the 
ConmussionerB  has  no  autiiorUy  over  tbem,  as  will  appear  from  the  last  aooount  and  the  cor- 
respondence  sent  with  it 

I  am,  &&, 

T.  Delvee-Brongliton,  Esq.  J.  F.  CamfbkUi 

*  Nom*  7%e  hanhtrt  got  a  receipt  Ji^om  ike  Stmk  ^  jB^AnmC 
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November         Ajter  some  furthtr  prwate  correspondence  the  Secretary  eame  from  Scotlandt  and  waited  upon  Mr. 

Broughton  at  the  Treasury  on  the  16£ft  of  November.  He  pointed  out  that  the  <0eial  letter  of  the  l2tA 
of  October  seemed  to  be  founded  on  some  misunderstanding.  It  seemed  clear  that  the  Treasury  letter  of 
March  12,  1867,  fvUy  authorized  all  that  had  been  done  in  the  matter  of  finance  by  the  Secretary  and  by 
the  Commissioners.  That  letter  was  written  eifter  a  year's  correspondence  wUh  the  departmentSj  after  the 
preparation  and  production  of  estimates  by  the  Commissioners  ;  it  was  written  in  reply  to  a  letter  siyned 
by  the  Duke  of  Argyll  as  chairman,  asHngfor  formal  sanetioH  to  begin  work;  after  sundry  interrriews 
between  Mr.  Hussey  Vivian,  M.R,  one  of  the  Commissioners,  with  heads  of  departments ;  after  an 
interview  between  Mr.  Ward  Hunt  and  the  Secretary,  at  which  scales  and  rates  of  payment  were  discussed 
and  settled.  The  language  of  the  letter  in  question  appears  to  be  clear :  there  is  no  doubt  of  the 
meaning.  He  further  pointed  out  that  the  formal  approval  of  accounts  on  the  2d  of  June  1868,  and 
the  advance  of  2000L  to  the  Secretary  on  the  Bth  of  June,  seemed  to  prove  that  their  Lordships  had  found 
nofauU  with  tlie Randal  system,  which  is  descried  as  Mr.  Camj^fa  obj^ionabh  practice.  It  was  in 
fact  ike  only  possible  system  which  could  be  followed  by  a  Secretary  under  the  peculiar  circumstances  of  this 
Commission. 

The  Secretary  further  stated  that  soon  after  his  appoviUmeni  he  had  vainly  suggested  to  the  head  cf 
the  Audit  Department  that  the]  Treasury  ought  to  manage  this  expenditure  themselves,  as  the  Secretary  could 
have  no  control  over  his  masters'  expenditure  in  distant  districts.  He  then  read  a  letter  which  he  had 
sent  to  the  Chairman,  which  puts  the  ceue  as  clearly  as  he  is  able  to  put  it. 

The  Home  Office  oider  of  Bth  August  1868,  referred  to  in  the  second  clause  of  the  letter  to  the 
chairman,  is  still,  9th  December,  unrepealed.  The  Secretary  has^  nevertheless,  ventured  to  forward 
the  accounts  of  several  Commissioners  through  the  Home  Office  to  the  Treasury,  as  directed  by  the 
minute  of  July  1  and  the  letter  qf  October  12;  but  without  any  certificate  beyond  the  signatures  of  the 
accountants.  The  Secretary  has  already  said  that  he  wiU  not  be  responsible  for  expenditure  over  which 
he  can  have  no  control,  p.  23.  The  Chairman  has  expressed  Ms  view  that  each  should  be  responsible 
for  Idmself,  p.  23,  and  neitlier  Chairman  nor  Secretary  can  honestly  "  certify "  statements  of  which 
they  have  no  knowledge.  Probably  the  Home  Office  order  was  not  meant  to  apply  to  such  accounts.  It 
seems  plain  that  the  signature  of  a  Royal  Commissioner  ought,  at  least,  to  admit  his  accounts  to  audit ; 
and  if  not,  then  the  endorsement  of  two  strangers  to  the  expenditure  accounted  for,  can  give  no  further 
security  for  the  proper  appliaition  of  the  funds.  It  is  needless  to  say  that  the  whole  is  a  question  of form 
in  this  case ;  but  "  informaUHes  "  are  apt  to  be  followed  by  official  rebukes. 

On  the  part  of  the  gentlemen  tcho  have  immediate  charge  of  this  branch  of  the  public  service,  there 
seemed  to  be  every  wish  to  advance  the  business  of^  the  Commission,  to  remove  difficulties  tliat  may  arise, 
and  conduct  business  pleasantly,  so  far  as  is  consistent  ioi£A  the  stri^  system  of  accounting  which  the  late 
appointment  of  an  audit  board  makes  necessary. 

After  the  effect  of  the  order  as  to  payment  of  witnesses  had  been  diseusted,  the  fdlmring  Treasury 
minute  was  sent  in  tlie  ordinary  way  through  the  Home  Office,  and  on  recent  of  it  the  Secretary  took 
steps  fwr  the  payment  of  those  witnesses  who  had  applied  to  him  for  money.  Some  of  these  have  been 
waiiing  since  July. 


Official, 
1355. 

Payment  of 
witneaaoB. 


Whitehall, 

Sir,  23rd  Kovember  1868. 

I  am  directed  by  Mr.  Secretary  Hardy  to  transmit  to  yon  the  enclosed  copy  of  a  Treasniy 

Minute,  dated  the  17th  instant,  regulating  the  mode  in  which  payment  should  be  nuide  to  witnesses 
giving  evidence  before  the  Royal  Commission  on  Coal  Supply. 

I  am,  &C., 

The  Secretary  A.  F.  LmDEU.. 

to  the  Coal  Commission. 


Tkeasust 
Minute, 
which  con- 
firms that  of 
1st  AjirU 
1868,  and  so 
partially 
repeals  the 
Minute  of 
Ist  July 
1868,  and 
allows 
witnesses  to 
be  paid. 


Copt  Tbsasubt  Minut]^  dated  17th  November  1868. 

Mt  Lords  have  had  under  consideration  the  mode  in  which,  under  the  revised  regulations, 
payment  should  be  made  to  witnesses  giving  evidence  before  the  Boyal  Commission  on  Coal  Supply, 
and  they  are  pleased  to  order  tiiat  the  following  shall  be  the  course  to  be  followed. 

Witnesses^  charges  are  to  be  submitted  to  the  Chairman  of  the  Commission,  or  of  the 
Committee  before  whom  the  witnesses  appear ;  the  bills,  if  approved  and  countersigned  by  ihe 
Chairman,  may  then  be  paid  by  the  Secretary,  if  under  20L,  but  if  above  that  sum  they  must  be 
forwarded  by  the  Secretary  of  ^e  Commission,  through  the  Home  Office,  to  the  Treasury,  and  the 
charges  will  be  paid  to  the  chumonta  by  the  Paymaster-Qenersl,  'Whitehall,  if  finally  approved. 
The  claimaut  will  be  informed  by  the  Treasniy. 


These  letters — page  43  to  48, — will  give  the  Commissioners  information  as  to  what  has  been  done  by 
the  Secretary  since  he  returned  from  leave  on  the  22nd  September,  and  was  made  aware  of  the  change  made 
at  the  Treasury  1st  July.  The  following  letters  show  the  presaU  relations  between  the  CommiisUm  and 
t/te  departments  under  which  they  work;  and  lAe  preunt  state  of  their  business  generalfy  so  far  su  tib 
Secretary  has  any  knowledge  of  it, 

Ai^ further  informatxaa  that  the  Secretary  eon  give  he  wiU  be  glad  to  communiea^  to  an^  member  of 
the  Commisnon  who  may  desire  i4 
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In  conclusion  the  Secretary  ventures  to  h&pefor  the  approval  of  the  Commutioners;  he  has  reason 
to  believe  that  he  will  shortly  have  the  scUisfaction  of  receiving  the  formal  approved  of  the  Lords  of  the 
Treifsury  also. 

InfutUTe,  while  the  Treasury  Minute  of  1st  July  remains  inforcej  Commissioners  will  obtain  funds,  or 
payment  of  bills,  in  the  manner  pointed  out  by  the  Lords  Commissioners  of  Her  Majesty^s  Treasury  in 
their  i^cial  correspondence,  Tlie  chief  alteration  of  system  is  simply  tite  transfer  of  part  of  the  Secretary s 
duty  to  t/ie  Treasury.  From  an  experience  of  many  years,  the  Secretary  can  assure  the  Commissioners  of 
courteous  treatment  and  prompt  attention  while  dealing  with  gentlemen  employed  at  the  pvhlic  offices. 

The  new  Treasury  system  tends  to  concentrate  one  branch  of  business,  tltat  of  temporary  commis- 
sions,  which  was  not  concentrated,  but  much  spread  abroad  and  diffused  in  the  departments.  Probably 
the  ehangcy  when  fuUy  completed,  will  materially  facilitate  the  working  of  unpaid  commissions  in  genenU, 
and  of^  Coal  Commission  in  particular.  In  any  ease  tite  matter  now  rests  between  the  CommissionerM 
themselves  and  the  Government. 

lam.  Gentlemen, 

Your  obedient  servant, 
December  9,  1868.  J.  F.  Oaupbell, 

Boom  G,  Souse  qfZords,  Secretary, 


Whitehall, 
2fith  November  1868. 

I  am  directed  by  ISr.  Secretary  Hs^y  to  request  that  yoa  will  transmit  to  him^  with  the  Homo  Office 
least  possible  delay,  an  estimate  in  duplicate  of  the  sums  which  wUl  be  required  to  defray  ihe  Circular, 
expenses  of  the  Goal  Commission  from  its  commencement  to  its  terHiination,  distinguishing  the 
amount  which  will  require  to  be  voted  during  the  ensuing  Session  of  Parliament,  accompanied  by  a 
statement  of  the  prepress  which  the  Commissioner  have  made  in  the  inquiry  entrusted  to  them, 
and  the  probable  time  which  it  will  take  to  complete  the  inquiry. 

I  am,  &C., 

The  Secretary  to  the  A.  F.  0.  LmDELL, 

Coal  Commission. 


Committee  Boom  G,  Hoose  of  Iiords, 
Sr,  5th  December  18C8. 

In  reply  to  your  areular  letter  of  November  25,  1868, 1  beg  to  refer  to  my  former  replies  Extracts 
to  similar  communications.  The  printed  papers  last  sent  give  in  detail  the  information  now  sought,  from  the 
It  baa  been  estimated  roughly  that  this  Commisd<m  will  cost  the  country  about  20,0002.  Minatee,  &c. 

Sums  amvonting  to  B^SGl-  8&  *Td,,  have  been  advanced  to  me,  of  which  7&0Z.  was  by  their  See  letter  ol 
lordships*  desire  repaid  to  the  Paymaster  General  on  the  21st  October  1868.  17th  March 

This  was  done  in  consequence  of  a  Treasury  minute,  dated  July  1,  1868,  which  alters  tiie 
dnancial  system  of  all  temporary  commissions^  and  which  must  therefore  be  known  at  the  Home 
Office. 

The  rest  of  the  money  advanced  to  me  has  been  accounted  for. 

The  diSerence,  say  12,000?.,  may  be  wanted  soon,  but  I  am  unable  to  state  when  it  will  be  wanted. 
The  chief  work  of  the  Commission,  that  of  estimating  quantities  of  unworked  coal,  is  carried  on  by 
individual  commissioners  in  separate  districts.  I  have  reason  to  believe  that  it  is  rapidly  admmoing 
everjrwhere,  and  that  it  will  soon  be  done. 

I  am,  &C. 

The  Honorable  A.  F.  0.  Liddell,  J.  F.  CaxfbeLL. 

Home  Offica 


NINTH  GENERAL  MEETING. 

The  Secretary,  having  been  so  instructed  by  the  Chairman,  before  whom  he  laid  a  letter  from  dth  General 
Mr.  WoodhoQse,  summoned  a  genen^  meeting  by  the  f(^owing  circular: —  Meeting. 

CIKCULAa  TO  MEMBERS. 


Committee  Room  G,  House  of  Lords, 
Sib  December  12,  1868. 

I  AM  directed  by  the  Chairman  to  inform  you  that  a  general  meeting  of  the  Coal  Com- 
mission will  be  held  here  on  Tuesday,  December  22nd,  at  noon. 

The  chief  object  of  this  meeting  is  to  give  members  an  opportunity  of  stating  to  each  other  the 
>greBs  made  in  the  several  branches  of  the  inquiry  which  were  committed  to  them  by  the  general 
ly  of  the  Commission  in  July  186G  and  subsequentiy. 

18488,      Vol.  II.  H 
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9th  OenenU      In  ihe  alssence  of  any  instmciions  I  -reDtnie  to  soggert  heads  onder  wludi  members  may  prepaie 
KMtiag.       and  bring  or  send  to  me  short  vritten  Teports,  tor  be  printed  and  ciioulated  In  the  usoaJ  manner 
aAerwards. 

If  tbiB  be  done  the  Chairman  will  be  in  a  position  to  inform  the  Qovenmient)  of  which  he  is  now 
a  mouber,  of  the  progress  made  since  the  appointment  of  the  Commission  by  the  Govemmoit  of 
which  the  Chairman  was  a  member,  in  July  1866. 

The  knowlec^e  sought  to  be  obtained  through  the  Coal  Commission  was  thought  important  by  the 
Chancellor  of  the  Exchequer,  Mr.  Qladstone,  who  is  now  First  Lord  of  the  Treasury ;  and  the 
members  of  the  Commission  can  now  probably  furnish  inf<»mation  to  indicate  probable  bearing 
of  their  Bepori 

Heads  of  Information. 

(Ist)  The  chfurmen  ot  committees  may  state  generally  what  progress  has  been  made,  and  what 
th«jy  propose  to  do,  in  the  following  order : — 

A.  Pepth.    Sir  W.  G.  Armstrong. 

B.  Combustion.   Some  member  who  represents  the  chairman. 
C  Winning.   Mr.  Dickinson. 

D.  GeologicaL   Sir  Boderick  Kurchison. 

E.  Statistics.    Sir  Boderick  Murchison  and  Mr.  Himt. 

2.  At  the  meeting  I  will  produce  printed  copies  of  the  minutes  of  these  five  committees  for  which 
I  have  the  honour  to  act  as  secretary.    I  have  already  circulated  their  minutes  and  evidence. 

S.  Any  diairman  who  has  e^>ended  money  as  duiLman  may  wish  to  produce  a  short  finan^j^j 
statement  with  his  work.  I  bdieve  that  the  comparison  will  be  highly  creditable  to  the  eoonomiQal 
management  of  the  Commission  in  general,  and  of  individual  members  in  their  several  eapadties. 

ECbads  of  Infobmation. 

(2nd.)  Members  who  have  undertaken  to  ascertain  the  quantities  of  coal  worked  and  unworked,  an4 
so  execute  a  national  mineral  surv^,  and  take  stock  of  the  ohi^  source  of  power  now  used  in  this 
kingdom,  may  think  it  expedient  to  render  some  account  of  tiieir  work  under  the  following  heads: 

For  the  District  of 

1.  Estimated  cost  of  ascertaining  the  quantities  of  coal  wor^d  and  nnwra-ked  in  the  districts 

named,  I. 

2.  Amount  expended  to  June  30th,  1868,  which  covers  two  years,  I 

3.  Balance  available  under  the  estimate  which  was  approved  and  sanctioned  by  the  late  Govern- 

ment^ {. 

4.  Brief  statement  of  the  amount  of  work  done. 

5.  „  of  the  work  to  be  done. 

6.  Estimated  duration  of  this  launch  of  inquiry. 

7.  Any  oonduaion  that  the  member  may  have  formed,  in  anticipafion  of  his  replies  to  tiie  general 
questions  now  under  consideration ;  namely : 

1.  The  probable  duration  of  British  coal  under  known  and  possible  conditions  ; 

2.  The  probable  date  when  the  coal-fields  will  be  practically  exhausted,  under  probable 

conditions. 

These  seem  to  be  the  main  questions  t^reated  of  late  years  by  Mr.  Hull ;  by  lb.  Jevons ;  hy 
Ut.  Hussey  Vivian ;  by  Mr.  Gladstone ;  and  by  other  writers  and  speakers  on  quesUons  connected 
•with  the  veiy  extensive  and  important  subject  of  British  coal  supply  and  consumption  whidi  was 
^ven  for  inquiry  and  report  to  the  members  of  the  Coal  Commission,  when  they  were  appointed  by 
Her  Majesty  in  July  1866. 

I  am.  Sir, 

Tour  obedient  Servant, 
J.  F.  Campbell^ 

Secretaiy. 


NINTH  GENEBAL  MEETING,  Toesday,  December  22d,  1868. 

Present: 

1.  The  Duke  of  Aiusyll  ; 
2.  Sib  R.  Muechison  ;  3.  Mr.  Hunt  ;  4.  Mr.  Prestwich  ;  5.  Mr.  Geddes  ;  6.  Mr.  Woodhousk  ; 
7.  Mb.  Fobsteb;  &  Ua.  Elliot  ;  9.  Mb.  Diceotson;  10.  Mb.Habtlet;  11.  Pbofessob  Rabislit. 

MnnrrBs. 

1.  The  Minntes  of  the  Eighth  General  Meeting,  which  are  printed  and  have  been  circulated, 
were  taken  as  read,  and  the  Chairman  authorized  the  Secretary  to  affix  his  signature  to  tiiem  at 
page  36. 

2.  The  CommissifMi  were  pleased  to  express  their  approval  of  the  proceedings  of  their  Secretary, 
whioh  are  printed  and  have  been  circnlated,  page  36  to  60.   They  authomed  the  Secretary  to 
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inform  Mr.  Franks  that  they  were  entirely  satisfied  with  hia  performaaoe  of  the  duties  entnufced  9Ui  Choral 
to  him  hj  the  Secretuy  during  his  absence  on  leava  Meeting. 
The  Secretexy  then  read  the  following  Beport ; 

SEORKTART'S  REPOBT. 
Office  Work. 

The  Secretary  laid  before  the  members  files  on  whiek  are  comj^te  sets  of  the  General  Minutes,  Office  Werk. 
page  3  to  49,  and  requested  the  members  to  place  on  the  files  any  papers  to  which  they  may  wish  Secretary, 
to  refer  at  future  meetings. 

The  fbllowing  is  a  list  of  persons  at  the  public  offices  witii  whom  the  Commission  have  corre- 
sponded through  their  Secretary.  The  correspondence,  firom  wfaidi  a  selection  only  is  printed, 
telatee  chiefly  to  the  supply  of  maps,  to  the  proposed  expenditure  of  20,0002.,  to  accounts  and 
vouchei's,  and  to  the  employment  of  certain  oassea  of  persons,  geolc^;i8ts,  mining  engineers^  coal 
hewers,  clerks,  &o. 

The  correspondence  has  been  wrried  on  with— 1,  the  Treasury;  2, the  Home  Office;  3,  the 
Board  of  Works ;  4,  the  Department  of  Science  and  Art ;  5,  the  Stationery  Office. 
Letters  are  mgned  by — 

1.  Mr.  Hairy  Oole.  10.  Mr.  Harrington. 

2.  Lord  Belmore,  11.  Mr.  Rivers  Wilson. 
S.  Mr.  George  RusseU.                   12.  Hardy. 

4.  Mr.  Waddington.  13.  Sir  James  Feigusson. 

5.  Mr.  Gurdon.  14.  Mr.  Greg. 

6.  Mr.  Ward  Hunt.  15.  Mr.  Reid. 

7.  Mr.  LiddelL  16.  Mr.  Delves  Broughton. 

8.  Mr.  Hamilton.  17.  Mr.  Forster. 

9.  The  Duke  of  Buckingham.  18.  Mr.  Lane. 

A  reference  to  the  correspondence  printed,  and  to  the  file  1,  will  show  the  extreme  difficulty  of 
obeying  orders  which  emanate  from  so  many  different  departments,  which  deal  with  so  many 
important  subjects,  and  which  are  prepared  by  and  conveyed  through  bo  many  different  repre- 
sentatives of  <Ufferent  branches  of  ibese  departments.  On  page  10  ia  a  precis  of  offidal  letters 
about  tiie  employment  of  mining  engineers^  &&,  which  illustrates  the  ^fficulty  of  reconciling 
orders  on  which  the  Secretary  and  Commissioners  must  act.  On  page  23  is  a  letter  on  which  the 
Secretary  advanced  money  to  the  Commissioners,  and  they  acted.  On  page  44  and  45  is  one 
result.  No  final  decision  on  ihe  account  rendered,  June  29,  1868  ;  and  on  questions  which  have 
been  raised  |on  it,  which  were  first  nused  in  July  1866,  namely,  the  mode  of  paying  mining 
engineers  and  othws,  without  whose  assistance  the  Cmomissioners  stated  that  they  were  unable  to 
b^in  the  important  public  service  which  they  undertook  to  do  without  remuneration  for  them* 
tolves,  has  yet  been  received  on  the  22d  of  December. 

The  Secretary  submits  that  it  would  be  of  great  advantage  to  the  public  service,  if  some  one 
branch  of  some  one  department  had  entire  charge  of  the  business  of  temporary  Commissionfl.- 

Every  Commission  at  starting  requires  the  same  {^liminary  arrangements,  but  every  new 
Commission  has  to  go  tiuough  the  same  correspondence;  Provision  might  be  made  for  tikese 
tscmring  arrangements  once  for  aJL   Every  Oommission  most  be  provided  wiih^— 

1.  A  place  of  meeting ; 

2.  Office  fomitare ; 

3.  Stationery; 

4.  The  assistance  of  messengers ; 

5.  Some  postal  arrangements  ; 

6.  Clerical  assistance  occasionally ; 

7.  Fonds. 

1  &  2.  Commissi<mB  get  lod^n^  and  fumitore  through  the  Board  of  Works.  Some,  as  for 
example,  the  Lighthouse  Oommission,  are  provided  with  a  house,  famiture,  servants,  coals,  and 
lights.  In  this  case,  nearly  the  whole  of  this  expenditure  has  been  avoided.  The  Chairman  ja  a 
member  of  the  House  of  Lords,  and,  by  fovour  of  the  Usher  of  the  Black  Rod,  the  Commission 
have  leave  to  occupy  a  room  in  the  Palace,  in  which  certain  old  office  furniture  contrived  by  the 
Secretary  while  serving  on  the  Lighthouse  Conunission,  was  placed  by  the  Board  of  Works. 

3.  Ordinary  stationery  was  provided,  but  maps  only  after  a  voluminous  correspondence  and 
many  interviews  with  gentlemen  at  various  offices. 

4  &  5.  A  request  was  made  in  July  1 866,  for  some  arrangement  to  be  made  for  franking  and 
teoeiving  letters,  but  no  reply  has  yet  been  made. 

Letters  used  to  foe  given  to  the  office-keeper  of  the  department  under  which  CommimionB  act ; 
but  the  office-keeper  miving  refused  to  take  the  letters  of  this  Commission,  an  arrangement  was 
made  by'  which  letters  are  franked  at  the  Local  Government  Act  Office,  where  the  office-keeper 
does  the  work  of  this  Commission  in  addition  to  his  own.  A  small  gratuity  paid  to  a  public 
servant  in  this  case  saves  the  wages  of  office-teepers,  messengers,  and  other  servants,  and  bills  for 
stamps.  For  regular  pay,  the  same  official,  or  some  other,  might  perhaps  do  as  much  for  all  the 
royal  Oommisraons.  The  policemen  at  the  P^aoe  doors  who  receive  letters,  and  the  firemen  and 
other  servants  who  have  extra  work  about  room  Q,  ought  to  have  small  gratuities.  The  firemen 
expect  to  be  paid.  The  policemen  take  a  great  deal  of  troable ;  but  unJess  the  Seorettuy  pays 
these  out  of  his  own  pocket,  he  ought  to  ask  for  spedal  Treasury  authority,  as  it  now  i^pears  from 
questions  put  to  him  relative  to  the  June  account. 
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6.  In  forms  ilhd  salary  liste  sent  from  the  Treasury,  it  seems  to  be  assumed  tliat  clerks  and 
others  are  oontmoously  employed.  In  this  and  in  other  Commiasions  on  which  I  have  senredy 
clerks  and  messengers  have  been  engaged  only  when  really  -mmted.  Under  the  head  o£  d€irks, 
the  expenditure  for  two  years  and  a  half  amounts  to  2^  98.  4d 

7.  The  correspondence  shows  that  the  main  difficulties  with  which  the  Commission  has  had  to 
contend  relate  to  fiinds.  The  accounts  show  that  the  expenditure  under  these  heads  in  the  Secre- 
tary's department  has  been  exceedingly  small ;  it  amounts  to  leas  than  201.  for  all  the  heads  above 
mentioned. 

If  some  such  permanent  fwovision  were  made  for  lodging  fiinushing,  stationery,  messengers, 
office-keepers,  postal  accommodation,  clerical  assistance,  funds,  and  accounts,  it  would  be  of  great 
advantage  to  all  temporary  Commissions,  and  to  the  public  service  in  which  temporary  Commissiona 
now  penorm  a  very  important  part.  The  saving  would  be  considerable,  as  appears  from  tiiis 
statement. 

If  tiie  Commission's  allow  this  Memorandum  to  i^pear  on  their  Minutes,  possibly  the  matter 
may  be  brought  to  the  attention  of  some  bead  of  some  deportme&t^  who  may  get  the  suggested 
arrangement  made. 

The  Secretary  begs  to  report  that  there  are  no  arrears  in  any  of  the  six  departments  for  which 
he  has  the  honour  to  act  as  secretary.  He  begs  to  refer  to  page  S8  for  a  statement  of  the  duties 
performed,  amongst  which  may  be  mentioned  attendance  at  44  meetings. 

J.  F.  Campbell. 

3.  The  Secretary  was  directed  to  place  this  statemoit  on  the  Minntes. 

PRELDONABT  Repoets  by  Committees  appointed  July  7,  1 866. 
A. — Committee  on  possible  Depths  of  Worki/ng.    { Witkpotuer  to  take  Evidence.) 

1.  Sir  W.  G.  Armsteong,  C.B,  8,  Great  George  Street,  Westminster,  and  Newcastie-on- 

Tyne. 

2.  Thomas  Emerson  Fobsteb.  Esq.,  7,  Ellison  Place,  Kewcaetie-on-Tyne. 

3.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 

4.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-la-Zouche. 

5.  Geoboe  Elliot,  Esq.,  23,  Great  George  Street,  Westminste 

Tlie  Chainnan  was  not  presenty  and  he  had  sent  no  written  report  to  the  Secretuy.  This  Com- 
mittee have  met  eight  times,  and  propose  to  take  fnrtiier  evidence.    The  Minutes  are  printed. 

J.  F.  Campbell  Secretary. 

Committee  A. 

The  following  Report  was  sent  by  the  Chairman  after  the  meeting. 

This  Committee  have  held  numerous  meetings  to  take  evidence  on  the  increase  of  temperataro 
due  to  depth,  and  they  now  only  await  the  evidence  of  one  or  two  witnesses  to  close  this  part  of 
their  inquiry.  On  the  question  of  possible  depth  of  working,  the  Committee  will  probably  find 
within  tiieir  own  body  all  the  evidence  that  will  be  necessary  to  enable  them  to  arrive  at  a  dedsitm, 
■0  that  their  uttings  need  not  be  much  further  prolonged.  At  all  events  the  Committee  will  be 
in  a  position  to  make  their  report  quite  as  early  as  can  be  necessary  for  the  general  purposes  of 
the  Commission. 

W.  G.  Armstbonq. 

27th  December  1868. 


B. — CommiM^  on  Waste  i/n  Combustion.   {With  power  to  take  Emdenee,) 

1.  Hnby  Hussey,  Vivian,  Esq.,  M,P.,  Park  Weru,  Swansea. 

2.  John  Febct,  Esq.,  M.D.,  1,  Gloucester  Crescent,  Hyde  Park,  London. 

3.  John  Hartley,  Esq.,  Wolverhampton. 

4.  George  Thomas  Clabe,  Esq.,  Dowlais  House,  Merthyr  ^I^viL 

5.  KoBRRT  Hunt,  Esq.,  Museum  of  Practical  Geol<^. 

The  Chairman  was  not  present,  and  he  has  not  communicated  with  the  Secretaiy.  Dr.  Percy 
on  the  25th  of  November  stated  that  from  his  numerous  avocations  be  cannot  devote  mucb  time 
to  the  business  of  this  Committee. 

Tiiey  have  met  five  times,  and  their  Minutes  are  printed. 

J.  F.  Campbell,  Secretary, 

ScntDec.30.  The  Secretary  was  directed  to  write  to  Mr.  Vivian,  and  to  direct  his  attention  to  the  fact  that 
little  progress  has  been  made  in  the  work  of  Committee  B.,  and  that  it  is  exceedingly  desirable  that 
some  progress  shoijld  be  made  without  delay. 

0.  C.—  Comanittee  on  Waste  in  Worhmg.    {WUh  power  to  take  Evide/nee.) 

1.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 

2.  Thomas  Emerson  Fobsteb,  Esq.,  7,  Ellison  Place,  Newcastle-on-l^e. 

3.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-la-Zouche. 

4.  John  Geddes,  Esq.,  Mining  Engineer,  9,  Melville  Crescent,  Edinbui^fa,  N.B. 

5.  George  Elliot,  Esq.,  23,  Great  George  Street,  Westminster. 

The  Chairman,  who  was  present,  said  that  witnesses  for  certain  districts  had  been  examined,  and 
that  arrangements  are  being  made  for  taking  fnrthor  evidence. 
This  Committee  have  met  nine  times. 

J.  F.  Campbeu,  Seerataiy. 
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4.  Hinate  aa  to  the  paymeDt  of  wituesses.    The  CommiBsion  were  of  opinion  that  in  this  and  9th  General 
in  all  csaes  it  ia  desirable  to  .obtain  information  firet  from  unpaid  vifaaeaseB,  to  be  allowed  their  MeetiDg. 
expenses  if  ihey  claim  them. 

D. — Committee  on  the  Probability  of  finding  Coal  under  Superimcimhent  Strata.   {With  p<noer 

to  take  Evid&nce.) 

1.  Sir  Roderick  I.  Mdrchison,  Bart.,  &c.  &a,  16  Belgrave  Square.  Pive 

2.  Andrew  CrombiE  RAHa^v,  Esq.,  28,  Jennyn  Street.  mitteo. 

3.  Joseph  Fbestwich^  Esq.,  10,  Kent  Terrace,  Begent's  Park,  London,  N.W.  D. 

4.  Joseph  Beete  Jukes,  Esq.,  51,  Stephen's  Qreen,  Dublin,  K 

5.  John  Thomas  Woodhouse,  Esq.,  Ashby-derla-Zouche. 

6.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Uanohester. 

7.  Qeoroe  Elliot,  Esq.,  23,  Great  George  Street,  Westminster. 

8.  Henry  Hussey  Vivian,  Esq.,  ItP.,  Park  Wem,  Swansea. 

The  Chairman,  who  was  present,  read  the  following  statement ; 

Pbeliminart  Report  of  CoMicrrTEE  D.  of  the  Royal  Coal  Commission. 

As  the  Chairman  of  Committee  D.  of  the  Royal  Coal  Commission,  I  beg  to  make  the  following  p^oof  Dec 
brief  statement,  explanatory  of  the  outline  of  the  duties  performed  by  our  body,  and  as  a  mere  pre-  so.  ' 
lude  to  the  full  report  which  it  will  be  my  duty  ere  long  to  present  to  the  General  Committee. 

We  have  held  14  meetings,  some  of  very  long  duration,  and  have  examined  many  witnesses;  and 
it  is  hoped  that  by  holding  one  or  two  oth^  meetings,  for  the  purpose  of  obtaining  additional  evidence, 
we  shall  then  be  in  a  condition  to  report  fully. 

In  the  meanUme  I  may  state,  that  as  regards  ibe  main  object  of  our  inquiry,  the  extension  of 
certain  prodacUTe  coal  fields  (chiefiy  in  the  central  counties  of  England)  under  the  younger  forma- 
tions, we  have  got  together,  in  a  very  systematic  form,  through  the  labours  of  Professor  Ramsay,  ably 
assisted  by  Mr.  Hull  and  other  officers  of  the  Geolf^eal  Survey,  all  the  data^  as  registered  in  maps 
and  sections,  which  are  required  for  the  preparation  of  an  estimate  of  the  number  of  square  ,mile8 
over  which  such  coal  fields,  now  hiddeu  fi'om  view,  may  be  found  to  extend. 

We  will  also  prepare  an  approximate  estimate  of  the  depths  (minimum,  maximum,  and  average,) 
at  which  such  coal  fields  may  be  reached  by  sinking  tbrough  the  Permian  and  New  Red  Sandstone 
formations,  or  other  younger  deposits. 

On  this  point  1  feel  assured  that  our  report  wiU  be  encouraging,  and  highly  satisfactory  to  |/he 
public,  inasmudi  as  it  will  show  that  a  very  large  amount  indeed  of  good  fiiel  may  be  procured 
during  a  long  period  after  tihe  exhaustion  of  the  known  coal  fielda 

All  this  branch  of  our  enquiry  is  founded  on  reliable  geological  data. 

In  another  portion  of  our  inquiries  we  have  sifted  the  value  of  the  theories  respecting  the  exis- 
tence or  non-existence  of  coal  below  those  younger  secondary  and  tertiary  formations  which  occupy 
those  eastern  and  southern  counties  of  England  which  are  remote  from  any  known  coal  fielda 

Now,  although  I  have  given  evidence  to  the  effect  that  in  my  opinion  and  that  of  many  geologists 
no  productive  coal  of  age  younger  than  the  Millstone  Grit  will  ever  be  found  beneath  such  younger 
dep<>sit8  in  14!  or  15  of  the  counties  so  situated,  it  is  my  duty  to  state  that  Mr.  Godwin- Austen,  a 
distinguished  geologist,  holds  a  different  opinion,  and  that  Mr.  Frestwicb,  another  good  authority, 
also  entertains  the  view  Uiat  the  coal-measures  may  possibly  be  found  in  such  tracts  in  undulating 
subterranean  trougha 

As,  however,  no  practical  value  can  attach  to  this  branch  of  our  subject  tmtil  boring  through  the 
younger  rocks  shall  have  been  made  in  various  districts  of  this  eastern  and  southern  region,  it  is 
obvious  that  the  hypotheses,  as  they  now  stand,  cannot  form  part  of  any  estim^  k£  the  fiiture 
supply  of  British  cou. 

RODEBXCK  I.  MUBCHISOK, 

Dec.  17, 1868.  Chaarmao. 

Minute  5. 

The  Oommisaon  authorized  Professor  Ramsay  to  get  estimates  respecting  the  reduction,  engrav- 
ing, or  lithographing  the  geological  sections  exhibited  before  Committee  D,  and  to  submit  the  same 
to  that  Committee ;  and  there^ter,  if  the  estimates  are  approved,  to  t^e  steps  for  obtaining 
Treasury  sanction  for  the  necessary  expenditure. 

Passed  unanimously  \fy  the  Commission, 

(Signed)      Roderick  I.  Mubchison, 

for  the  Duke  of  Abotll. 

R — Committee  mi  Mineral  Statistics.    ( With  -power  to  take  Evidence.) 

1.  Sib  Kodebick  I.  Mubchison,  Bart.,  &c  &&,  16,  Belgrave  Square. 

2.  Robebt  Hunt,  Esq.,FJtS.,  26,  St  Leonard's  Terrace,  Chelsea. 

Time  and  place  of  meeting  to  be  fixed  by  the  Cotmmttee. 
Sir  R  Murchison  said  that  the  work  of  the  Committee  had  been  done  by  Mr.  Robert  Hant»  who 
deserved  great  credit  for  it.   Ur.  Hunt  then  read  the  following  report. 

COMHITTEE  E.  2. 

To  inqmre  aetoihe  qaa/tvUiy  of  coal  at  present  conw/med  in  the  various  hnmehss  of  numufaO' 
ture,  for  steam  namgation,  and  for  domestic  purposes,  as  wdl  as  the  quantity  escported;  and  htm 
fan',  and  to  what  extmt,  such  constmption  and  export  may  be  ecepected  to  increaee. 
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Expenditure  from  S^tiember  1866  to  December  1868. 

£   8.  d. 

1866.  No  estimate      -         -  Bzpended          -     72   2  8 

1867.  Estimate,  370^      -      -       Bo.       -      -   338  17  9 

1868.  Do.     5fi02.    -         -        Do.    -         -   481  13  5 

Therefore,  for  ^e  carrent  year  there  remains  to  be  expended  1182.  69. 7d.,  the  sum  expended  to 
this  date  being  8422. 13«.  10(2.  For  this,  vouchers  have  been  famished  to  the  Treasury  for  aJl 
except  the  following: 

£   a.  d. 

Assistance       -  -  -         -    25    4  0 

Postages  (about)  -  -  -       -   SO    0  0 

WOBK  DONE. 

Mr,  Robert  Sv/rU  has  visited  and  made  personal  inquiries : — 

The  Badstock  coalfield ;  the  Forest  of  Dean  coalfield ;  the  Bristol  coalfield ;  the  Shropshire 
coalfield ;  the  South  Stafford  coalfield ;  the  North  Stafford  coalfield ;  the  Warwickshire 
coalfield ;  the  Leicestershire  coalfield  ;  the  Nottinghamshire  coalfield ;  the  Derbyshire  coal- 
field ;  the  Yorli^re  coalfield ;  the  North  Wales  coalfield ;  tiie  Durham  coalfield ;  the 
Northumberland  coalfield ;  the  Scotland  coalfield 
OUier  distoicta  have  been  visited ;  as  Comwf^,  to  determine  the  coal  used  in  the  mines ;  tiie 
salt  districts  of  Worcestershire,  &c.,  to  learn  the  quantity  of  coal  used  in  the  salt  manufiwtnre ;  and 
the  Potteries,  with  the  same  object 

(Hmsulara. — Forms  have  been  issued  to — 

Collieries           -           -  -  3,205 

Steam-ships          -           -  2,600 

Manufactures      -         -  -  6,238 

Mines        -         -          .  .  300 


9th  Geoeral 
Meeting. 


12,343  circular  forms  have  been  issued  to  this  date. 
Satis&ctory  replies  have  been  received  from — 

Collieries  -         -         -  -  1,048 

Steam  vessels         -  -  1,670 

Manu&ctnrers     ...  4,079* 
Mines         -         -         .      -  100 


Total        -  -  6,897 

This  work  is  still  actively  progressing,  and  Beturas  are  being  received  daily.  In  addition  to 
the  above,  not  less  than  a  thousand  collienes  and  ironworks  have  given  to  Mr.  Hunt  the  Betnms 
required. 

OocU  eonavmed  m  the  production  of  Skcm  Pouwr,  Steam  Engineafor  Manafaotwret,  amd  Mvmb, 

Vexy  full  Betums  are  being  received,  but  much  remains  to  be  done. 
Steam  veaaela  coaling  at  British  ports : — 

Lloyda  have  undertaken  to  obtain  and  famish  all  deficiencies  in  merchant  steamers. 
Ad/ttwrc^y. — ^The  Board  of  Admiralty  promises  Returns  of  all  the  coals  used  in  the  steam 

navy,  and  in  all  the  establishments  bdonging  to  the  Naval  D^Mrtment. 
Mvning  engvnea. — ^The  Betums  &om  the  mines  are  materially  aided  by  the  kind  attentum 
of  engineers. 

Saihvaya. — All  the  great  'coal-canying  railways  {have  furnished  the  most  ample  Betums, 
showing  the  quantities  of  coal  taken  by  them  from  each  coalfield,  and  tiie  quantities  left 
at  each  station  on  their  lines. 

**  To  what  extent  SsBport  may  be  expected  to  indease." 

To  answer  this  question,  a  full  examination  of  the  production  of  all  the  coalfields  of  the  world  has 
been  undertaken,  and  has  been  considerably  advanced.  Copious  tables  have  been  prepared  showing 
their  progress  for  several  years.  Not  only  has  the  distribution  of  British  ooal  been  to  a  great  extent 
determined,  but  the  distribution  of  Continental  and  American  coal  alaa 

WOBX  TO  BE  DONE. 

1.  The  following  coalfields  have  not  yet  been  officially  visited  :— 

Lancashire  and  Cheshire;  South  Wales  ;  Cumberland. 

2.  The  following  coalfields  will,  in  all  probability,  require  another  visit  during  1869 : — 

North  Staffordshire  ;  Yorkshire  ;  Shropshire  ;  Durham  and  Northumberland  ;  Scotland. 

8.  Many  thousands  of  circular  forms  have  yet  to  be  issued,  and  a  vast  amount  of  correflp<mdenGe 
to  be  undertaken. 


*  The  total  qoanti^  of  cod  ttwd  in  the  iron  mutafiwtnre  hu  been  detennined  t^^  ind^endent  iaqvSif. 
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4.  The  accumulated  BetnxnB  lisvo  to  be  careAiUy  examined,  and  the  vhole  rednoed  to  an  inteUl*  ^Ox  General 
gible  shape,       &c,  &a  Meeting. 

Dtjration. 

«  Estimated  duration  of  this  branch  of  inquiry." 

With  the  presait  assistance,  it  does  not  appear  possible  to  complete  it  in  less  than  another  ye«r. 
With  additional  aid,  the  time  imight  be  considerably  reduced.  It  would  be  possible,  with  the 
assistance  of  a  competent  clerk,  to  whom  miffht  be  entrusted  such  portions  of  the  labour  as  involve 
the  ezeidse  of  thought,  to  comidete  the  work  in  six  or  eight  montha 

£STIHA,TE  for  1869. 
Proceeding  as  at  present,  6002^,  namely: —  * 

a.  Travelling  and  allowance  while  ^gaged  •  -  300 

h.  Assistance  -  -         .         •         •      .  250 

e.  Postage,  -  60 

If  the  work  is  to  be  accelerated,  and  qualified  assistance  employed,  800Z. 
December  21, 1868.  BoiNSBiOK  I.  MuBcmsoN, 

Chairman. 


Minute  6. 

After  hearing  this 
to  represent  to  their 

m^;ently  recommended  that,  for  the  purposes  of  Committee  E.,  sanction  be  given  to  the  employment 
of  an  additional  derk  by  Mr.  Hunt,  to  be  paid  at  a  rate  not  exceeding  ten  shillings  a  day ;  and 
Mr.  Hunt's  estimate,  which  meets  the  approval  of  the  Commission,  is  mrected  to  be  submitted  to 
their  Lordships  for  their  approval,  together  with  the  rest  of  the  Minutes. 

10  Sefabatk  Coal  Distbictb. 
The  gentlemen  whose  names  are  printed  on  page  4  were  then  called  upon.  10  SsPAB4ra 

i  ^  Ti"?^*  \  South  Wales  and  Monmouthshire.  DumucTa. 
S.  Mr.  Clark,  J 

These  gentlemen  were  not  present  and  no  communication  had  been  received  from  them  in  reply 
to  the  droolar  letter  oalHng  the  meeting. 

Minute  7. 

The  Secretary  was  directed  to  inform  these  gentlemen  tliat  tilie  m^bers  present  r^;retted  that  Informed, 
no  repent  of  progress  made  in  South  Wales  had  been  lm>ught  befin^  them. 

Mr.  Dickinson,  North  Wales,  reported  as  follows  : —  Mr.  Dickin- 

**  Denbighshire  is  done,  and  the  eastern  part  of  Flintshire.   The  rest  of  North  Wales  is  in  hand." 

Mr.  Forster,  Mr.  Elliot,  Durham,  Northumberland,  Cumberland.  Hr.  Forster. 

Mr.  Elliot 

The  following  paper  was  put  in  and  read,  and  ordered  to  be  printed. 

Coal  CoMmssiovr. 

Dea  21st.  186& 

In  Northumberland,  Durham,  and  Cumberland,  the  collection  of  statistics  of  the  quantities  of  Proof,  pec 
coal  renuuniiu^  unworked  has  been  pushed  steadily  forward.   The  greater  portion  of  these  has  bee^  SO. 
already  computed,  but  there  are  yet  some  wanting  in  the  main  districts,  and  there  has  been  some 
difficulty  in  getting  the  returns  from  the  small  outlying  coal  fields.    It  is  hoped,  however,  that 
these  may  be  obtained  in  a  short  time,  and  it  is  ez}>ectea  that  the  whole  may  be  complete^  in  ox 
montha  Thos.  E.  Fobsteb. 

Qbo.  Elliot. 

Mr.  Dickinson,  Lancashire  and  Cheshire,  said : — 

"Both  axe  partly  done^  and  I  will  endeavour  to  ccmiplete  the  wh<de  at  the  end  c£  1869," 

Mr.  E]]]ot,North  Staffordshiia   Tha  following  papor  was  handed  in.  Mr.  Ellioi 

Coal  Commission. 

For  the  district  of  North  Stafford. 

1.  "  Estimated  cost  of  ascertaining  the  quantities  of  coal  worked  and  unworked  in  the  distriet  Proof,  Dec 
named." 

This  estimate  was  submitted  last  April,  and  amounted  to  2.   There  is  no  reason  to 

expod  it  will  be  exceeded. 

2.  «  Amount  expended  to  June  30th,  1868,  which  covers  two  years." — 7632. 

3 .  "  Balance  available  under  the  estimate  which  was  approved  and  sanctioned  by  the  late  Govern- 
ment."— (Na) 
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9thOeiuna 
Meeting. 

10  cool  dit- 
tricta. 


The  whole  amonnt  rec^ved  was  paid  for  woi&  already  dona* 

4.  "  Brief  statement  of  work  done." 

All  oklcolatioDs  of  quantity  of  coal  worked  and  onworked  in  the  disbict  have  been  completed, 
except  thoee  relating  to  outlying  districtB. 

5.  "Estimated  statement  of  work  to  be  done/' 

The  quantity  of  coal  worked  and  unworked  in  certain  districts  which  have  not  been  fully  proved 
has  yet  to  be  ascertained,  and  sections  of  the  various  seams  are  being  prepared. 

6.  "Estimated  duration  of  this  branch  of  the  enquiry." 

It  is  fully  expected  that  all  the  information  will  be  ascertained,  and  the  engineer's  reports,  pluu, 
and  sections,  illustrating  the  tabular  statements  of  quantities,  willbb  completed  in  six  months. 

7.  "  Any  conclusion  that  the  member  may  have  formed  in  anticipation  of  his  replies  to  the  general 
questions  now  under  eonsidei^tion." 

No  correct  opinion  with  regard  to  this  can  be  formed  until  the  fall  information  from  the  various 
engineers  now  engaged  in  the  investigation  haa  been  reodved. 

Geobob  Elliot. 


Mr.  Hartley,     Mr,  Hartley,  South  Staffordshire,  Shropshire}  and  Woroestershire. 
The  Mowing  paper  was  put  in : — 


BoYAL  Coal  Commission.-* Keport  for  Meetmg.22nd  Dec.  186S. 

Uy  investigation  of  the  amount  of  coal  remaining  unworked  in  the  Staffordshire,  Worcestershire, 
and  Shropshire  coal  fields  is  rapidly  progressing.  I  hope  by  the  end  of  March  to  have  my  returns 
completed,  so  far  as  relates  to  existing  well  known  coal  districts. 

As  a  rule  the  maps  of  the  Geological  Survey  have  been  found  exceedingly  correct  and  most  im- 
portant auxiliaries  to  the  purposes  of  this  enquiry.  Nevertheless  there  are>  in  certain  portions  of 
these  districts,  indications  of  a  largely  extended  area  of  coal  fields  beyond  the  limits  shown  by  that 
Survey,  the  (probable)  extent  of  which  is  under  the  connderation  of  Committee  1). 


My  original  estimate  of  the  cost  of  the  enquiry  affecting  the'l  ^ 

above  named  districta,waa      -         -  -J 
Cash  recdved  to  Slst  March       -  -•..-£  865 

Expended  to  30th  June         -  ...  .250 


-2,076 


8. 

0 


19 
0 


10 
0 


Leaving  a  balance  of 


0 


1,115  19  10 
^969    0  2 


The  above  balance  will,  1  have  every  reason  to  believe,  complete  the  enquiry. 


Wotvechampton, 

22nd  Dea  186a 


John  Habtlkt. 


Mr.  Wood-  Ml-.  Woodhouse ;  Yorkshire,  North  Derbyshire,  Kottingham,  South  Derbyshire,  Leicestenhire, 
house.  Warwickshire.  • 

The  foUowing  letter  was  put  in : — 

Aahby-de-la^Zouche, 
Coal  Commission.  22nd  December  1868. 

Dear  Sir, 

jfrmf  Dec  Referring  to  your  circular  hearing  date  the  12th  December  1868, 1  beg  to  offer,  tmder  heads 

SO.  of  information  Items  1  wnd  %  accounts  which  I  herewith  put  in  ;  and  under  3,  the  balance  avail- 

able under  the  estimate  sanctioned  by  the  late  Government.  Under  4  I  may  take  Warwickshire 
and  licicestershire  as  being  completed  (maps  and  sections  will  be  put  in  to-day),  subject  to  the 
aupervision  of  the  Qeological  Survey  in  Jermyn  Street,  or  to  such  enquiry  into  details  as  the  Com- 
miauonera  may  think  desirable.  Item  5.  The  disMcts  of  Nottingham  and  Tfetby  are  completed, 
and  nearly  the  whole  of  Yorkshire;  but  as  the  coalfield  extends  in  an  unbroken  series  into  thoae 
counties,  it  is  desirable  that  the  report  should  embrace  the  whole  of  the  great  district.  The  smaller 
district  in  Craven  has  yet  to  be  dealt  with.  Item  6.  As  this  branch  of  the  enquiry  may  be  now 
considered  nearly  complete  in  the  districts  referred  to,  and  as  the  Qeological  Surveyors  are  busily  at 
work  in  the  northern  part  of  the  great  district  of  York,  it  has  occurred  to  me  that  the  enquiry  may 
cease  for  the  present.  It  is  impossiblejto  overrate  the  advantage  of  the  Qeolcmcal  Surveys  throughout 
the  whole  of  this  enquiry,  especially  with  regard  to  the  saving  of  expense.  Under  head  7,  subdivided 
into  Noa.  1  and  2,— that  is,  No.  1,  "  The  probable  duration  of  British  coal  under  known  and  possible 
conhitious."  Under  this  head  I  must  now  refer  to  the  tabular  form,  put  in,  of  the  content  of  the 
coalfield  unworked ;  say  Warwickshire.  These  quantities  are  all  calculated  in  net  tons,  assuming  one 
cubic  foot  to  weigh  80  lbs.  avoirdupois,  or  1,556  tons  per  foot  thick  per  statute  acre.  These  are  the 
weights  before  the  coal  is  wrought;  but  it  will  be  seen,  by  reference  to  the  memoranda  put  in,  that 
portions  of  the  seams  only  are  worked.  It  appears  that  much  coal  has  been  wasted  in  working, 
left  overhead  and  underfoot^  as  well  as  what  is  left  in  the  goaf  or  gob.  This  is  referred  to  in  the 
observatiouB  by  Mr.  Fowler.   And  now  comes  the  qoeBtion>  whether  valuable  asaistanoe  cannot  be 
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derived  from  the  enqniry  iastituted  by  Committee  C.  in  waste  in  working.  No.  2.  "  The  piobable  9th  General 
date  when  the  oo^  fields  will  be  practtcnlly  e:£hausted,  under  probable  conditions."    This  is  a  Meeting. 
qnesUon  upon  which  I  am  not  prepared  to  give  a  decided  opinion.   Whatever  data  can.  be  obtained,  lo  coal  dis- 
such  as  the  present  increasing  consumption,  or  better  utilization  of  seams  of  coal,  the  matter  may  tricts. 
be  simple  enough,  but  I  think  this  branch  may  remain  mitil  the  enquiry  is  in  a  more  advanced 
state. 

I  have  the  honour,  &c. 

J.  F.  Campbell,  Esq.  John  Thos.  Woodhoube. 

Room  G.  House  of  LordsL 


Mr.  Frestwicb,  Somersetshire  and  part  of  Gloucestershire. 
The  following  report  was  put  in : — 

10,  Kent  Terrace,  Regent's  Park, 
December  18,  1868. 

Abstract  of  Work  done  to  this  date  towards  ascertaining  the  Quantities  of  Coal,  wrought  and 
'  unwrought,  in  the  Somersetshire  and  Gloucestershire  coalfielda 

EstiinaU  of  expense. — The  first  rough  estimate  of  the  probable  expenses  for  tlie  year  1867  oi 
surveying  this  coalfield  I  put  at  3202.,  but  this  estimate  was  necessarily  imperfect,  as  I  had  not 
then  visited  the  coalfield. 

£    8.  d. 

Tlie  actual  expenditure  to  the  Slst  December  1867  proved  to  be  -       -    371  16  6 
And,  in  view  of  the  prolongation  of  the  inquiry,  I  ^ve  at  the  beginning 
of  the  year  an  estimate  of  the  further  expense  of      -         -         .   320   0  0 

Making  a  total  of     -         -         -      -   691  16  6 


Of  this,  the  sum  of  551^.  had  been  spent  up  the  30th  June  1868.  The  balance  in  hand  at  that 
date  will,  I  trust,  su£5ce,  or  nearly  so,  to  complete  the  work,  which  is  now  brought  to  a  conclusion, 
with  the  exception  of  a  few  detaib  and  acme  of  the  sections. 

Had  the  request  made  to  the  -different  collieries  to  fill  up  the  table  of  returns  been  complied 
with,  I  believe  the  work  might  have  been  done  within  the  year,  as  I  at  first  had  hoped.  But 
although  these  forms  were  at  once  issued,  in  no  case  were  they  iilied  up  and  returned.  I  therefore 
requested  Mr.  Anstie  to  visit  each  colliery,  and  to  obtain  permission  to  investigate  on  the  spot  the 
plans  and  books.  This  involved  a  very  large  amount  of  work,  which  has  now,  so  far  as  the 
quantities  wrought  are  concerned,  been  brought  to  a  conclusion. 

We  experienced  every  facility  and  readiness  on  the  part  of  the  coal-owners,  manageis,  and 
bailifi^  in  carrying  out  our  object ;  and  it  is  only  in  a  few  instances  where,  from  the  length  of 
time,  the  collieries  have  been  out  of  work,  or  from  the  loss  of  plans,  tiiat  we  have  been  unable  to 
obtain  the  desired  information. 

The  plan  on  which  I  deemed  it  best  to  proceed  was  to  divide  the  whole  coalfield  into  parishes, 
and  determine  the  total  quantity  of  coal  wrought  in  each  seam  in  that  particular  parish.  In  the 
•lame  way,  by  actual  measurement,  omitting  any  barren  portions,  and  making  dae  allowance  /or 
waste,  was  the  quantity  of  coal  unwrought  in  each  parish  determined. 

This  process  of  inquiry  has  been  applied  to  109  parishes,  for  each  of  which  separate  Returns 
have  been  prepared ;  and  in  each  it  has  been  ascertained,  with,  I  believe,  considerable  accuracy,  the 
quantity  of  coal,  wrought  and  unwrought,  and  the  depth  of  the  different  members  of  the  coal 
measures.  The  maps  used  for  this  purpose  were  the  excellent  maps  of  the  Bristol  coalfields  by 
Mr.  Saunders,  whicb  are  on  a  scale  of  4  inches  to  the  mile. 

It  had  been  suggested  that  we  should  lay  down  on  a  series  of  maps  the  outcrop  of  each  seam  in 
the  coalfield,  calculate  the  area  of  each,  and  so  determine  the  quantity  of  coal  contained  in  it. 

This  was  done  in  all  the  coal  seams,  so  far  as  they  are  worked  and  positively  known ;  but  where 
the  coals  have  not  been  worked  or  proved,  it  was  found  that  such  a  mode  of  proceeding  would 
have  been  attended  with  great  difficulty  and  loss  of  time.  The  plan,  therefore,  adopted,  was  to  take 
groups  of  from  three  to  seven  seams;  the  distance  between  which  being'about  equal,  and  their  outcrops 
following  on  nearly  equal  lines,  it  seemed  possible,  by  taking  the  intermediate  seam,  to  get  a  very 
close  mean  of  the  whole. 

The  plans  showing  the  quantity  of  coal  wrought  in  each  seam  throughout  tiie  ooalQeld  have 
also  been  laid  down  on  uncoloured  sheets  of  Mr.  Saunders'  map,  and  form  a  complete  set  of  the 
workings  up  to  the  present  time,  as  far  as  can  be  ascertained. 

The  number  of  pits  examined  in  Gloucestershire  was  21,  and  in  Somersetshire  40.  Besides 
these,  were  240  extinct  pits  inspected,  and  the  Returns  obtained  from  all,  with  few  exceptions. 

In  order  to  ascertain  the  depth  of  the  different  seams  of  coal  throughout  the  coalfield,  I  instructed 
Mr.  Anstie  to  make  sections  in  given  directions.  Tliis  he  has  executed,  much  to  my  satis- 
faction, on  the  scale  adopted  by  the  Geolc^cal  Survey.  With  the  help  of  th^  and  of  the  plans 
referred  to,  I  believe  tiiat  very  little  difficulty  will  exist  in  determining  where  the  coal  has  been 
wrought,  and  the  position  and  depth  of  all  the  seams  remaining  unwroughi 
18483.     Vol.  n.  I 


Mr,  Preet- 
wicb. 


Proof,  Dec. 
30. 
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9th  G^enenl  General  remlts.—  ln  anticipation  of  the  fiiller  report  which  I  am  now  preparing,  I  beg  to  lay 
Ueetii^  Wore  the  Gommiasion.  the  general  conclusions  arrived  at.  All  matters  of  detfdl  respecting  the 
10  coal  dis-  diffwent  collieries  and  the  yarious  beds  of  coal>  together  with  the  cfur^ullj  made  sections  and 
trict*.  maps  of  the  outcrops  prepared  by  Mr.  Anatie,  I  reserve  for  the  full  report. 

Out  of  the  parishes  there  are  109,  60  in  which  coal  has  been  proved,  and  49  in  which  no  coal 
has  yet  been  worked.    The  total  thickness  of  the  Gloucestershire  and  Somersetshire  coal  measoics 
amounts  on  the  average  to  6,800  feet.    They  may  be  divided  into  three  groups : — 
Fuwt,  the  upper  one,  forming  the  Radstock  and  Farringdon  series,  1,400  feet  thick : 
Second,  i^e  Pennant  sandstone  dividing  the  upper  from  the  lower  series,  containing  two  or  three 
coal  seams  but  rarely  wrought,  2,500  ieet  thick: 

Thirdly,  the  lower  series,  forming  the  Bristol,  Eingswood,  and  Nettlebridge  collieries,  attaining 
a  thickness  of  2,900  feet. 

Acres. 

The  extent  of  the  coalfield  actually  exposed  is  -  .  «  -  30,580 
The  extent  of  that  portion,  already  worked  under  the  New  Red  Sandstone  -  24,111 
The  extent  of  that  portion  which  has  not  been  proved  under  the  New  Red 

Sandstone,  but  where  the  coal  measures  are  supposed  to  exist,  is      -      -  98,089 

Making  the  total  area  of  the  coalfield  -  162,780 


Out  of  this  total  there  have  been  wrought  in  the  upper  series  of  Radstock 


Tons. 


and  Farringdon  - 
And  in  the  lower  series  of  Bristol  and  Eingswood 

Making  the  total  of  coal  wrought  - 


-  49,698,786 

-  48,716,899 

-  98,414,686 


This  quantity,  taking  the  sum  of  all  the  acreages  underground,  extended  over  36,754  acres  under 
600  yards  in  depth,  whilst  onlyj.6  acres  have  been  worked  beyond  that  depth. 

Taking  the  area  of  the  coal  measures  unwrought,  and  dividing  them  into  zones  of  depth,  the 
following  are  the  oonduuons  urived  at  with  respect  to  the  quantities  of  coal  remaining  unwrought 
in  the  ^meiBetshire  and  Gloucestershire  coalfields : — 


Not  exceeding  600  yards  depth 
Between  500  and  1,000  yards 
Between  1,000  and  2,000  yards 
Between  2,000  and  3,000  yards 


Making  a  total  of 


Tons. 

-  1.824,931,075 
.  1,719,997,981 
.  2,627,631,577 

-  777,991,144 

-  6,950,461,777 


against  about  100,000,000  tons  wrought.  Although  allowance  has  been  made  for  waste,  a  fiu'ther 
aUowance  should  probably  be  made  for  the  irregularity  of  the  se^s,  and  their  being  often  much 
broken.  Nearly  one  hsdf  of  the  total  amount  also  of  unwrought  coal  lies  at  depths  exceeding 
1,000  yards. 

In  addition  to  this,  there  is  every  reason  to  believe,  from  the  section  exposed  in  the  railway 
cutting  at  Almondsbury,  that  another  sroall  coalfield  exists  in  the  Severn  Valley.  Several  seams 
of  coal  outcrop  in  that  section,  dipping  westward  and  passing  underneath  the  New  Red  Sandstone. 
Mr.  Richardson,  the  engineer  of  that  railway,  has  already  reported  on  this  subject,  and  has  made  a 
smes  of  iaial  borings  on  both  banks  of  the  Severn  near  New  Passage,  iu  which  he  met  with  the 
coal  measures,  at  depths  of  70  to  80  feet,  at  several  places.  I  estimate  that  this  coal  may  possibly 
extend  over  about  30,000  acres.  As  it  is  not  known,  however,  of  which  member  of  the  coal 
measures  this  coalfield  consists,  it  is  not  possible  to  calculate  the  quantities,  but  it  will  at  all 
events  add  probably  several  million  tons  to  the  foregoing  estimate. 

Supposing  the  whole  of  the  coalfield  to  be  workable,  and  excluding  the  small  Severn  Valley  coal- 
field, it  appears  that  only  -^th  part  of  the  quantity  of  coal  in  the  Somersetshire  and  Gloucestershire 
coalfields  has  been  at  present  exhausted ;  or,  if  we  take  a  limituig  depth  of  1,000  yards,  it  may 
be  estimated  that  ^{^th  part  of  the  available  supply  has  been  exhansted, 

I  hope  that  two  months  will  suffice  to  complete  this  inquiry. 

J.  PRESTWICH,  F.RS. 

Mr.  iDickin-      Mr.  Bic^nson,  Forest  of  Dean,  said, — 

son.  «  As  to  the  Forest  of  Dean,  the  work  is  done." 

Mr.  Qeddes.      Mr.  G^ddcs,  Scotland,  siud, — 

"  The  work  is  still  in  progress.  The  result  is  satisfactory,  so  far  aa  I  have  gona  The  counties 
of  Ayr  and  Lanark  have  stifl  to  be  overtaken." 

Professor         Professor  Jukes,  Ireland. 

Jukes  This  member  was  not  present,  but  Sir  Roderick  Murchison  believes  that  he  can  now  furnish  the 

P.  35.  required  information.    On  page  35  of  the  minutes  is  a  statement  to  the  same  effect,  by  Professor 

Ji^es,  from  which  it  appears  that  the  work  was  finished  in  March  1868. 
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Ifmute  9.— MsEmrGS,  Qsnebal. 

The  Chainoan  is  prepared  to  hold  a  Oeneral  Meeting  whenever  it  is  desired.  9th  Qeneral 

Committees : —  Ueeting. 

A.  — No  date  is  fixed. 

B.  — Ditto. 

C— Wednesday,  10th  February,  at  Committee  Room  G,  noon. 
D. — Tuesday,  9^  February,  Museum,  Jermyn  Street,  11  a.ni. 

The  meeting  then  adjourned,  and  Uie  Secretary  prepared  the  Minutes  for  press,  and  sent  them 
to  the  Queen's  Printers,  43  MSa  pages.  2f^^^  ^ 

J.  P.  Campbell,  Chamnan. 
Secretary. 


On  the  SOth  of  December ,  the  Secretary  received  three  proqfs  of  ike  minutes^  and  sent  out  letters 
from,  1457  to  1471  connected  theretoitk.    See  marginal  notes. 

Dee.  Zlst.    Amounts^  vouchers,  and  sakuy  Hsts  toere  sent  to  the  Home  Office, 

A  correspondence  relative  to  Committee  B.,  which  is  still  going  on,  is  the  only  matter  in  arrear  in  any 
department  of  the  Commission, 

January  2,  1869.  General  minutes  revised,  together  with  the  revises  returned  by  members,  were  sent  to 
the  Queen's  Printers. 

Letters  have  been  received  relative  to  CommtUee  B.,from  which  it  appears  that  meetings  will  shortly  be 
heldy  and  witnesses  examined. 

January  14,  1869.  The  foUotoing  paper  waa  received  amd  sent  to  the  Qiieen'a  Fri7U&rs.  It 
completes  the  prelmviTuvry  retort  of  work  doM  by  the  OonvrrviaaUmera  wp  to  U^e  date  of  the  last 
general  meetvng. 

South  Wales. 

Sib, 

In  reply  to  your  communication  of  the  30th  ultimo,  we  have  to  inform  you  that  we  com-  Mr.  Vivian, 
menced  by  engaging  Mr.  Evan  Daniel  for  the  examination  of  the  western,  and  Mr.  W.  Adams  for  Mr.  Ciailc. 
that  of  the  eastern  portion  of  the  South  Wales  coal  field.    Those  gentlemen  have,  with  great  laboui', 
collected  all  the  data  obtainable  to  enable  them  to  estimate  tlie  quantity  and  particulars  of  the  coal 
therein  remaining  un wrought. 

These  data  include  original  and  reliable  sections  of  the  coal  measures  firam  workings  in  all  parts 
of  the  coal  field,  amounting  to  145  in  number.  They  have  been  reduced  to  a  common  scale,  and 
referred,  as  far  as  possible,  to  datum  ;  and  from  a  comparisor  between  them  have  been 

constructed  comprehensive  sections,  proving  the  general  identity  of  the  coal  measures  over  large 
areas,  thus  affording  a  basis  whence  the  quantities  of  unwrougbt  coal,  at  various  depths,  may  safely 
be  calculated  for  the  central  and  unworked  portion  of  the  field. 

The  value  of  the  information  thus  collected,  and  of  the  information  thenoe  deducible,  has  been 
established  by  constant  and  minute  investigations  on  the  ground,  and  by  this  means  have  been 
disposed  of  various  intricate  questions  in  regard  to  the  relations  of  known  seams  in  particular 
districts,  a  matter  essential  to  this  inquiry,  and  of  high  commercial  as  well  as  of  general  scifintifio 
interest. 

Messra  Daniel  and  Adams  axe  now  engaged  in  colouring  maps  of  various  seams  and  groups  of 
seams,  so  as  to  show  their  area  at  different  depths,  and  these,  when  completed,  will  furnish  the  data 
whence  we  shall  arrive  at  the  conclusions  as  to  quantity  and  accessibility  upon  which  will  rest  our 
final  report. 

Tours,  &a 

H.  HUSSEY  ViVIAK.  ' 

11th  January  1869.  GEa  T.  Clabk. 


J<mua/ry  25,  1869.  A  good  deal  of  correspondence  relative  to  Chmmission  finance  has  taken 
place  with  the  Treasury  and  Home  Ojice.  The  Secretary  has  aMended  several  tiities  to  hold  inter- 
viewe  with  gentlemen  at  the  Treasury  Chambers. 

Committees  A,  B.  It  eesTns  proMle  that  meetings  will  be  held  shortly,  hut  as  yet  no  days  ore 
Hoed. 

The  foUowmg  is  a  h-ief  statement  of  the  present  jinomdal  position  of  the  Com/mission  :— 

Ledger 


£     s.  d. 


page. 


Beoeived  fi:om  the  Treasury  firom  July  7j  I8663  to  December  31, 1868-  8,256  8  7  -  46 
Deduct  balance  in  hand        -         -         -         -         -         -       49  82-11 


Accounted  for  by  Secretary*  -  -  -  .   8,207   0  5 

Balance  wanted  for  this  year  .....  11,792  19  7 


According  to  rough  estimate,  January  9,  1867     -  -  ^^20,000    0  0 

*  Of  this  sum,  7502.  was  repaid  to  the  Treasury  under  orders  given  in  a  leitex  of  October  12,  1868,  printed 
on  page  44.  A  further  stun  of  806A  Os.  2d.  (Minutes,  page  41,)  has  still  to  be  accounted  for  by  Mr.  Foster 
and  Mr.  ElHot,  on  whose  joint  demand  a  sum  of  1,000^.  was  adTanced  to  Mr.  Foster  on  the  9th  of  April  1868, 
see  Ledger,  page  30,  voudier  A,  sent  with  the  account  rendered  June  30,  1868,  and  vouchers  forwarded 
Bobseqaently  as  stated  page  41,  Minutes. 
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ClBCULAB  TO  THE  COMHISSIONERB. 

Gentlismen,  March  11,  1869. 

/  BEG  to  call  your  special  attention  to  the  foUotnng  correapondeneef  which  ezplaim  the  eouru  to 
he  followed  in  obtaining  parent  of  claims.  It  %b31  greatly  facilitfUe  business  if  the  directions  of  the 
Treasury  are  attended  to.  It  will  hasten  the  payment  of  claims  if  each  claimant  will  send  his  address  on 
his  account.  Payments  are  made  by  Treasury  receipts^  which  can  he  negotiated  through  a  banker, 
or  may  be  presented  at  the  office  of  the  Paymaster-General^  and  which  become  equivalent  to  hills  or 
orders  for  money  w/un  properly  signed  by  the  elcumant,  to  whom  tlie  Treasury  will  send  the  receipt 
form* 

I  am,  Sfc. 

J.  F,  Campbell. 


lOth  March    SiR,  WhitehaU,  10  March  1869. 

9ift9  ^      directed  by  Mr.  Secretary  Bruce  to  traiuniit  to  you  the  encloeed  copy  of  a  letter  from 

jJo.  2182,      jjjg  Treasury,  with  reference  to  the  manner  in  which  the  Coal  Commisflionera  ahouM  render  their 
accounts ;  and  I  am  to  refiueat  that  you  will  communicate  tiie  same  to  the  Commisnoners. 

I  am,  &C. 

The  Secretary  to  the  Cod  CoramisdoD.  A.  F.  O.  Liin}fiLL. 


SiE,  ^  ^  Treasury  Chambers,  March  8,  1869. 

I  AM  directed  by  the  Lords  Commissioners  of  Her  Majesty's  Treasury  to  request  that  yon  wilL 
inform  Mr.  Secretary  Bruce  that  their  Lordships'  attention  has  been  called  to  the  manner  in  which 
the  accounts  furnished  by  the  Coal  Commissioners  are  rendered  to  this  Board.  My  Lords  are  well 
aware  that  these  gentlemen  have  undertaken  a  very  considerable  amount  of  labour,  free  of  any  charge 
to  the  public ;  but  it  is  absolutely  necessary  that  when  possible  a  full  account  auppcnnted  by  voudiers 
should  be  given  of  every  item  of  public  expenditure. 

My  Lords,  therefore,  request  that  the  Secretary  to  the  Coal  Commission  may  be  desired  to  inform 
the  Commissioners  that  in  future  my  Lords  will  be  obliged,  under  the  Exdiequer  and  Audit  Act,  to 
require  receipts  for  every  item  for  hotel  bills  or  other  expenditure  in  their  accounts,  or  in  the  bUk  of 
those  employed  by  them,  whenever  a  rec»pt  can  be  obtained. 

I  am,  &G. 
(Signed)      WiLUAH  Law. 


Minutes, 
page  23. 


No.  1544, 
January  23> 
1869. 


Coal  Commiaaon, 
Committee  Boom  G, 
House  of  Lords, 

Sib,  March  11,  1869. 

I  HATE  the  honour  to  acknowledge  the  receipt  of  your  letter  of  the  lOth,  with  its  enclosure  of 
the  8th  March,  which,  together  with  this  letter,  I  will  cause  to  be  printed  and  circulated  amongst  the 
Commissioners  without  delay. 
Bills,  by  their  L<»:dahips'  deair^  are  now  paid  by  the  Treasury. 

The  Commissioners  may  dtum  their  actual  travelling  expenses,  and  an  allowanoe  of  a  guinea  a 
night  for  their  own  personal  expenditure,  while  absent  from  nome  and  eng^;ed  on  the  buuness  of  tiie 
Commission.    Their  hotel  bills  are  not  wanted. 

Persons  eim>loyed  by  the  Commissioners,  under  their  estimates,  and  bv  sanction  of  a  Treasury 
letter  dated  March  12,  1867,  and  other  letters,  may  (ao  far  aa  I  understand  the  correspondence)  now 
charge  according  to  certain  rates,  which  are  specified  in  the  letter  (minutes,  p.  23),  and  may  claim 
their  "  actual  travelling  expenses  "  up  to  a  certain  maximum  amount,  namely,  "one  pound  per  day.** 

I,  therefore,  now  understand  that  the  "  hotel  bills  "  now  meant  are  part  of  the  "  actual  travelling 
expenses  of  persons  employed  by  the  Commissioners,  and  that  these  persons  are  now  required  to 
send  their  hotel  bills,  receipted,  as  vouchers,  with  their  own  accounts  for  remuneration,  &c,  when 
they  forward  them  to  the  CommWoners  who  employed  them  ;  who  must  countersign  the  bills  and  send 
them  to  the  Secretary  of  the  CommissiOD,  who  must  send  them  through  the  Home  Office  to  the 
Treasury  for  payment,  if  approved. 

That  I  understand  to  be  the  course  of  business  now  presciibed.  If  I  have  misonderstood  their 
Lordships*  directions,  I  shall  be  glad  to  be  informed  of  their  wishes. 

It  may  be  difficult  to  obtain  vouchers  for  "travelling  expenses,"  but  I  have  every  reason  to  believe 
tliat  the  Commissioners  will  endeavour  to  comply  with  their  Lordships*  desire,  by  sending  vouchers  for 
all  items  of  expenditure  for  which  they  claim  payment  in  their  accounts,  and  for  which  receipts  are 
given  to  them,  or  to  persona  employed  by  them. 

I  am.  Sir, 

Your  obedient  servant, 

The  Honourable  J.  F,  Cahfbelu 

Adolphna  F.  0.  Liddell, 
Home  Office. 
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SjSCBETABT'fl  BeFOBT. 


Juue  4, 


Gemtleuen,  June  4tli,  18G9. 

1.  To  show  the  progress  of  the  work  of  this  Commistuoii,  I  beg  to  refer  to  reports  July  1,  igeo, 
1868,  General  Minutes,  p.  38,  and  December  22,  1868,  p.  50. 

2.  The  following  papers  are  circulated  in  this  form  by  desire  of  several  members  who  wish  now  to 
coDsider  the  evidenco  taken  thus  far  as  a  whole. 

3.  Each  of  ihe  16  members  of  the  Commission  is  also  a  member  of  five  committees,  nnd  will  have 
to  consider  five  committee  reports  before  the  general  report  can  be  prepared. 

4.  The  general  minutes  will  be  extended. 

5.  The  preHminory  work  of  committees  A,  B,  C,  will  be  comj)lcted  by  the  oxaminntion  of  a  few 
more  witnesses. 

6.  Fart  of  tho  work  of  J)  has  to  be  revised,  and  sundry  diagrams  now  in  the  hands  of  the  dmughtif- 
men,  when  finished  and  engraved,  will  complete  the  preliminury  work  of  tliie  bnincli. 

7.  The  work  of  E  consists  in  the  arrangement  of  volunijnous  retunis  (sec  pngc  53,  General 
Minutes,  for  a  report  by  Mr.  Hunt  to  December  1868). 

8.  Ten  returns  of  quantities  of  coal  worked  and  unworkcd  in  10  separate  diistricts  arc  fur 
advanced,  but  of  these  no  one  is  ready  for  printing ;  sec  page  55,  General  Minute?. 

9.  When  these  15  branch  reports,  whidi  are  all  far  advanced,  have  been  completed,  the  general 
report  may  be  prepared. 

10.  Meantime  these  papers  will  enable  members  to  begin  to  form  their  opinions. 

11.  The  evidence  has  been  twice  revised  by  the  witnesses  or  oftencr,  nnd  most  of  it  has  also  been 
revised  by  members  who  attended  committees,  or  by  all  the  members,  to  whom,  in  some  cases,  proofs 
were  sent.    If  finally  approved,  this  part  of  tho  work  is  ready  for  the  Appendix. 

The  following  is  a  list  of  tho  papers : 

1.  Circulai-. 

2.  Commission. 

3.  General  Minutes,  pages  1  to  60. 

4.  Minutes  and  Evidence  ;  Questions  circulated  and  returns.  Committee  A. 

5.  Ditto,  „  „  „  B. 

6.  Ditto,  „  „  „  C. 

7.  Ditto,  „  „  „  D. 

8.  Minutes,  and  Qnestions  circulated,  Committee  £. 

These  papers  comprise  all  the  matter  in  the  printers*  liands  up  to  the  present  date. 
13.  A  few  minor  corrections  have  been  received  from  some  of  the  witnesses,  which  will  be  cared  for 
in  a  subsequent  stage.    These  are.  Sir  William  Armstrong,  Professor  Kamsay,  Mr.  Lindsay  Wood, 
and  Dr.  Paul.    Two  manuscripts,  Mr.  Brown's  (A  ),  and  Captain  Noble's  (B.),  are  in  the  hands 
of  the  witnesses  for  correction,  and  will  bo  added  when  returned  by  them. 

I  have  the  honour  to  be, 
Gentlemen, 
Your  obedient  Servant, 

J.  F.  Caupbell, 

Secretary. 

Seobetary's  Keport. 

(CinCULAR.) 

Gentlehex,  August  11,  1809. 

On  the  5th  of  Jtme  you  were  furnished  with  sets  of  printed  papers,  of  which  somo  were  in  ^  u 

slip, — single  column, — and  unfinish^.  j  ' 

2.  Since  these  papers  were  sent  to  you,  meetings  have  been  held,  more  evidence  lias  been  taken, 
and  it  has  been  decided  to  examine  no  more  witnesses  before  committees  A,  B,  C,  D. 

3.  All  the  committees  have  appointed  reporters. 

4.  The  work  of  these  committees  has  therefore  been  made  up  into  double  column,  and  complete 
sets  of  the  new  matter  are  sent  to.you  herewith. 

5.  By  substituting  these  sets  for  the  incomplete  portions  of  the  papers  sent  Juno  5,  ycu  will  have 
a  complete  set  of  the  printed  papers  ready  fur  press,  subject  to  your  corrections,  and  to  your  final 
approvaL    These  you  are  requested  to  peruse  and  consider. 

6.  It  will  be  well  to  place  these  papers  in  their  order,  according  to  the  ]>ages,  and  to  get 
the  whole  book  bound,  for  it  will  be  difficult  and  costly  to  produce  more  copies  of  thid  preliminary 
work. 

7.  It  will  also  be  well  to  alter  the  type  ns  little  as  possible,  because  an  Index  has  been  commenced 
in  the  belief  that  the  paging  will  not  be  changed. 

8.  The  reports  are  to  be  drafted  by  the  following  gentlemen : — 

1.  A<  Sir  William  Armstrong  (chairman). 

2.  B-  Mr.  Robert  Hunt  (chairman). 

3.  C.  The  Secretary.    (A  second  revise  is  sent  herewith), 

4.  D.  Sir  Boderick  Murchison  (chaurman),  Scotland,  and  genoml  supervision  of  the  whole  draft. 

„  „  No  Beporter.   Ireland.    The  lamented  death  of  Professor  Jukes  makes  some  new 
arrangement  imperative. 

5.  E.  Mr.  Robert  Hunt. 

6  to  15.  Reports  on  separate  coal  districts  by  the  members  named  at  page  4.  October  10,  1 866. 
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Report,  g,  Ko  provision  hae  yet  been  made  for  drafting  the  general  report,  which  will  be  founded  upon 

August  11,  these  15  reports;  but  it  is  believed  that  the  Chairman  of  the  Commission,  the  Buke  of  Ai^ll,  will 
18^.  prepaied  to  undertake  that  task  when  the  others  are  completed. 

10.  As  I  am  about  to  have  leave  for  a  few  weeks,  I  have  requested  the  Queen's  Printers  to 
attend  to  the  wishes  of  the  Commissioners,  and  to  print  any  manuscripts,  reports  or  others,  which 
may  be  sent  in  my  absence. 

11.  Letters  sent  to  the  usual  addresa  will  be  opened  in  my  absence ;  but  I  am  not  aware  that 
any  work  hab  now  to  be  done  in  my  department  till  the  committee  reports  have  been  prepared  for 
consideration. 

12.  I  have  only  further  to  report,  that  there  are  no  arrears  in  any  branch  of  my  six  departments. 

13.  Tbe  only  meeting  fixed  is  for  committee  At  on  the  13th  <)£  October,  to  j^naxAar  ^  draft 
report  if  it  is  then  ready ;  notice  will  be  sent 

I  am, 

Your  obedient  Bervimt, 

J.  F.  Campbell, 
Secretary  to  the  Commission,  and  to 
Committees  A,  B,  C,  B,  £. 


Secretary's  Eeport,  February  2, 1870. 

Report,  Gentlemen, 

Feb.  2, 1670.  X  Bi£G  to  refer  to  my  reports  of  August  11  and  June  4^  1869j  and  to  papers  sent  therewith. 

I  have  now  the  honour  to  forward  for  your  infonnati<m: 
Index.  Ist.  An  Index  to  the  pajwrs  circulated. 

2d.  Tlie  draft  Report  of  Committee  A.  as  sent  to  me  by  Sir  William  Armstrong,  the  chairman. 
In  accordance  \vith  section  13  of  my  report  of  August  11»  I  have  now  the  honour  to  call  your 
attention  to  tbe  enclosed  notice  of  meetings  on  the  usual  printed  form. 

I  am. 

Your  obedient  servant, 

J.  F.  Campbell, 
Secretary. 

(Signed)  Abotll, 

March  16, 1870. 

TENTH  GENERAL  MEETING.— March  leth,  1870. 

Present  :  1.  The  Duke  of  Argyll  (in  the  Chair) ; 

2.  Sib  jK.  Muucjhison;  3.  Sib  W.  Akmstrong;  4.  Me.  Dickinson;  6.  Mr.  Hunt; 
6.  Mr.  Hartley  :  7.  Mu.  "Woodhouse  ;  8.  Professor  Rahsat  ;  9.  Mr.  Geddeb  ; 
10.  Mr.  Fohster:  11.  Mr.  Elliot;  12.  Mr.  Vivian;  13.  Mr.  Clark;  14.  Dr.  Percy. 

1.  The  minutes  of  last  last  meeting,  December  22,  1868j  page  50,  were  taken  as  read,  and  the 
proceedings  were  signed  at  page  62. 

2.  The  chairmen  of  committees  who  were  present,  and  the  gentlemen  to  whom  separate  inquiries 
have  been  entrueted,  reported  genei-ally  upon  the  progress  made,  which  is  veiy  great  and  promises  to 
complete  the  inquiry  this  aession. 

3.  The  method  of  drafting  the  general  report  was  discussed,  so  as  to  ascertain  the  sense  of  the 
meeting 

CommttteeF     ^-  decided  that  the  drafting  of  the  report  ahall  be  asugned  to  a  committee  to  connst  of  the 

Keporters      following  gentlemen  : — 

chosen,  1.  SiR  W.  Armstrong  ;  2.  Mr.  "Woodhouse  ;  3.  Professor  Ramsay. 

March  16,        The  Secretary  to  serve  this  committee  in  addition  to  the  others. 

1870.  The  committee  to  begin  their  labours  us  soon  as  the  necessary  materials  are  ready.    Tlus  draft  is 

intended  to  be  a  condensation  of  the  whole  work,  15  reports;  of  which  none  are  com^te,  but  all 
are  far  advanced. 

5.  The  next  general  meeting  is  to  be  held  at  the  same  hour,  11  a.m.,  on  the  6tb  of  April. 

J.  F.  Campbell. 

Secretary 
(Signed)  AboylL. 


ELEVENTH  GENERAL  lIEBIZNa.-^  April  1870. 

Present:  1.  The  Duke  of  Abgyll  (in  the  Chair) ; 

2.  Sib  W.  Arhstrono  ;  3.  Mb.  Diokikson  ;  4.  Mb.  Hunt  ;  5.  Mb.  Geddes  ;  6.  Mb.  Habtley. 

The  Minutes  were  read  and  signed.  ' 
Aiter  some  conversatioa  relative  to  the  financial  arrangements  of  the  Commission  and  other 
mutters,  Uie  meeting  separated. 

J.  F.  Campbell, 

Secretaiy. 
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CIRCULARS  TO  MEMBERS.  CircuUns 
  1870. 

May  16th,  1870, 

Sib,  *  Room     Hoase  of  Lords. 

To  save  the  members  of  the  Commission  the  trouble  of  meeting  in  Loudon,  the  Chairman 
desires  me  to  forward  to  you  the-enclosed  form  {see  opposite),  and  to  suggest  its  use  in  making  up 
returns  of  coal  worked  and  un  worked.    If  you  see  any  objection  to  the  form,  and  desire  to  confer  with  Form  of 
the  other  members,' the  Ghamnan  u  prepared  to  summon  a  general  meeting,  after  the  Whitsuntide  recess,  return. 

If  you  approre  of  the  form,  and  use  it,  it  will  greatly  facilitate  the  labours  of  the  Committee  whom 
you  have  chosen  to  draft  the  General  Report,  namely ;  Committee  F.  Reporters: — 1.  Sir  William 
Armstrong;  2,  Mr.  Woodhouse;  3.  Professor  Ramsay.  Secretary,  J.  F.  Campbell ;  chosen  Maicli 
I6th,  1870. 

If  you  inform  me  of  your  aj^roToI  of  this  su^estion,  it  may  be  needless  to  meet  till  the  business 
ia  fornix  advanced. 

The  barineaa  of  the  Commission  now  stands  thus Busineas, 

Five  Committees  chosen,  1866,  July  7th.  ^7 

A.  — Report  settled  May  3rd,  1870. 

B.  — ^Draft  in  preparation  by  Mr.  Hunt 

C.  — Report  settled,  sul^ect  to  final  revision. 

D.  — Draft,  1.  Chairman's,  in  type ; 

2.  Professor  Ramsay's,  sent  to  press  May  14ith ; 

3.  Mr.  Frestwich,  no  information.    Reporter  abroad. 

E.  — Draf%  in  preparation,  by  Mr.  Hunt 

Reports  to  be  made  to  the  general  body  as  to  quimtities  of  coal  worked  and  unworked  in  certain 
districts,  by  the  following  meimwrs.    See  page  4,  General  Minutes. 

Mr.  Vivian  -  _ 

Mr.  Clark    -  -  -  -  .  . 

Mr.  Dickinson  (1)  -  ...... 

Mr.  Forster  and  ) 

Mr.  Elliott  (1)  j"      .       "  "  ■  -  - 

Mr.  Dickinson  (2)         -  -  -  -  -  - 

Mr.  Elliot  (2)  -----  - 

Mr.  Hartley 

Mr.  Woodhouse.   Report  made  and  abstracted  on  the  form  now  suggeated 
for  general  use  ------ 

Mr.  Frestwich.    Report  ready,  but  not  presented  -  -  .  - 

Mr.  Dickinson  (3)  - 
Mr,  G«ddea 

Profe9B(»'  Jakes,  deceased ;  no  report. 

I  am,  &C., 

J.  F.  Campbell, 

Secretary. 
Approved,  Argyll. 


May  2.Sd,  1870, 

Sib,  Room  G,  House  of  Lords. 

In  accordance  with  the  wish  oF  Sir  W.  Armstrong,  nt  the  suggestion  of  Mr.  Vivian,  and  by 
desire  of  the  Chairman,  I  write  to  you  and  to  the  other  members  named  in  the  last  papers  sent,  to 
request  that  you  will  complete  the  inquiry  undertaken  by  you  with  as  little  delay  as  possible. 

£  am,  &c, 

J.  F.  Cahpbbll.  . 


June  21,  1870, 

Obntlexek,  Room  G,  House  of  Lords. 

Befebbinq  to  my  circular  of  May  16th,  I  have  the  honor  to  inform  you  that  the  business 
of  the  Commission  now  stands  thus : — 

Five  Committees  chosen,  1866,  July  7th,  Business, 

A.  — Report  settled  May  3rd,  1870. 

B.  — Draft  in  preparation  by  Mr.  Hunt. 

C.  — Report  settled,  snbject  to  final  revision.    Revised^  copies  sent  herewith. 

D.  — Draft,  1.  Chairman's,  in  type; 

2.  Professor  Ramsa/s,  sent  to  press  May  14th,    Revised  July  22. 

3.  Mr.  Frestwich,  in  preparation. 

E.  — Draft  in  prepamtion,  by  Mr,  Hunt. 
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Circulars, 
1870. 


Business, 
July  28. 


Committees. 


Districts. 


Reports  to  be  mnde  to  the  general  hodj  as  to  quantities  of  coal  worked  and  unworked  in  certun 
districts,  by  the  following  members.   See  page  4,  General  Minates. 

Mr.  Vivian  ------  - 

Mr.  Ciark  -  . 

Mr.  Dickinson  (1)  -  -  -  -  -  - 

Mr  EUiott^^*^}^^]^^  made  and  absfaraoted  June  21st. 

Mr.  Dickinson  (2)  -  -  -  -  - 

Mr.  Elliott  (2)  -  -  _  .  .  .  . 

Mr.  Hartley       -  _  _  . 

Mr.  Woodnouse.  Report  made  and  abstracted  on  the  form  attested  for 
general  use,  wluoh  has  not  been  adopted  by  Mr.  Vivian,  Mr.^icldiuon, 
Mr.  Hartley,  or  Mr.  Forster. 

Mr.  Prestwich.    Report  ready,  but  not  presented. 

Mr.  Dickinson  (3)  -  -  -  - 

Mr.  Geddee.    Made  July  14  -  -  ... 

Professor  Jukes,  deceased;  report  in  preparation  by  Mr.  Hull   Made  July  14. 

I  am,  &C., 

J.  F.  Campbell, 

Secretary. 

Juiy  23d,  1870. 

GENlTLEHEir,  Room  G,  House  of  Lords. 

Repebbiko  to  my  circulars  of  May  16th  and  June  2l8t,  I  have  the  honour  to  infonn  you  that 
the  business  of  the  Oommistiion  now  stands  thus  : — 

No  communications  haye  been  received  from  the  commissioners  marked  *  since  last  circular.  J uly  9th 
the  Home  Office  wrote  to  inquire  how  much  longer  the  labours  of  the  Commission  will  last.  J ulv  1 1th 
they  were  informed  of  the  progress  made,  and  of  the  readiness  of  the  reporters  named  March  16th 
to  begin  their  labours  as  soon  as  their  coUef^es  furnish  them  vith  the  necessary  materials.  It  ia 
now  understood  that  Sir  William  Armstrong,  Mr.  Woodhouse,  and  Professor  Ramsay  will  be  ready  to 
consider  the  draft  report  as  soon  as  they  have  been  informed  of  the  receipt  of  nine  reports  which  are  sUU 
wanting.  Papers  sent  to  this  address  will  be  attended  to  as  usualj  and  forwarded  to  me  if  I  should 
leave  town. 

Five  Committees  chosen,  1866,  July  7th. 

A.  Possible  depth  of  workbg. — Keport  settled  May  3rd,  1870. 

B.  Waste  in  combustion. — Ehuft  in  preparation  by  Mr.  Hunt. 

C<  Waste  in  working. — Report  settled,  subject  to  final  revision.  Revised  copies  circulated 
June  21. 

D.  Probability  of  finding  coal  under  newer  strata. —  Draft  1.  Chairman's,  in  type;  including — 
2.  Mr.  Geikie  on  Scotland.- — Draft  3,  Professor  Rransay's,  sent  to  press  May  14th;  revised 
July  22. — Draft  4,  Mi".  Prestwich,  in  preparation. — fi.  A  postscript  to  be  added  when 
district  reports  are  all  made.— 6.  Report,  Ireland. 

E.  Mineral  statistics. — Draft  in  preparation,  by  Mr.  Hunt. 

Reports  to  be  made  to  the  general  body  as  to  quantities  of  coal  worked  and  unworked  in  certain 
districts,  by  the  following  members.    See  page  4,  General  Minutes. 


1. 
2. 
3. 

4. 


6. 


l'    South  Wales  and  Monmouthshire,  by  -|^*^' 


2  ^ 

3.  "  Forest  of  Dean 

4.  /"Durham  and  Northumberland 

5.  \  Cumberland  - 
6. 
7. 


-  ;f(Mr.  Dickinson  (1). 

_  I  ^]  ElUc^r  (1^*^  }  ^^P**^*  made  and  abstracted  June  21st 

-  «Mr.  Dickinson  (2), 

-  ♦Mr.  Elliot  (2). 


8,  ■ 


11. 


Lancashire  and  Cheshire  - 
Korth  Staffordshire  - 
South  ditto 

Shropshire  "  "  "  "J 
T'orkshire, North  Derbyshire and| 

Nottingham  - 
South  Derby  shire,  and  Leicester- 
shire -         -         -  - 
Warwickshire        -  - 
Somersetshire  and  part  of  Glouces- 
tershire       -         -         -   #Mr,  Prestwich.   Report  ready,  but  not  presented. 
North  Wales       -  -   *Mr.  Dickinson  (3). 


~  [-Mr.  Hartley.  Ready ;  will  be  sent  in  a  few  days. 

Mr.  Woodhouse.  Report  made  and  abstracted  on  the 
form  suggested  for  general  use,  which  has  not  been 
adopted  by  Mr.  Vivian,  Mr,  Dickinson,  Mr.  Hartley,  or 
Mr.  Forster. 


Scotland  : 

12.  Ayrshire,  Lanarkshire,   Stirlingshire,  Clackmannanshire,  Fifeshire,  The  Three  Lothians^ 

Campbelltou,  (Canoby,  Dumfriesdure),  Dumbartonshire.   Mr.  Geddes.    Sent  July  11th. 

Ireland  : 

13.  Antrim,  Dungannoo,  Tipperarj*,  Kilkenny.   Professor  Jukes,  deceased;  report  by  Mr.  Hull. 
Sent  July  14. 


17  Reports;  6  Sub-reports  in  B;  in  all  23. 


I  am,  your  obedient  servant, 
J.  F.  Campbell, 

Secretvy* 
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CIBCnLAB  TO  MEMBERS. 


Committee  Room  G,  House  of  Lords, 
Gentleuen,  November  14th,  1870. 

I  BEO  to  refer  to  four  circulars  dated  respectively  May  16th,  1870,  May  23rd,  June  2l8t, 
July  23rd,  all  prmted  on  pages  63  and  64  of  General  Minutes.  ^  I  have  now  the  honour  to  forward 
0(^68  of  correspondence  viu  the  pablio  offices  for  your  inforriiation. 


August  2nd,  1870, 

SiBf  Boom  G,  House  of  Lords. 

In  reply  to  your  last  letter  of  and  referring  to  former  correspondence,  I  have 

the  honour  to  state,  that  my  letter  of  the  29th  last,  and  the  prmted  circulars  enclosed  therein,  of 
which  I  enclose  another  copy,  contains  all  the  information  which  I  can  give  relative  to  the  burauess 
c£  the  Coal  Commission.  Mr.  Woodhouee,  one  of  the  reporters,  goes  to  Perthshire  on  the  4th. 
As  soon  as  the  sub-reporta  are  sent  to  me  I  will  inform  the  members  who  have  undertaken  to  draft 
the  General  Beport 

I  am,  &c.. 

The  Hon.  A.  F.  O.  Liddell,  J.  F.  Campbell. 

Home  Office. 


Whitehall, 

Sib,  SSrd  August  1870. 

With  reference  to  your  letter  of  the  7th  instant  and  previous  oorrespondenoe  on  the  same  20  Aug.  /7Cl 
subject,  I  am  directed  by  Mr.  Setu'etary  Bruce  to  transmit  to  you,  to  be  laid  before  the  Coal  — fits, — 
Commiauoner^  the  enclosed  copy  of  a  letter  from  the  Treasury  pressing  for  an  immediate  answer 
io  tbor  question  as  to  the  probable  further  duration  of  the  inquiry. 

I  am,  &c, 

J.  F.  Campbell,  Esq.,  A.  F.  0.  Liddell 

Secretary,  Coal  Comimsraon. 

l^reasuiy  Chambers, 

Sib, 

With  reference  to  your  letter  of  4th  instant  on  the  subject  of  the  bnnness  of  the  Coal 

Conmussion,  I  am  directed  by  the  Lords  Commissioners  of  Her  Majesty's  Treasury,  to  request  that 
you  vrill  move  the  Secretaiy  of  State  to  desire  the  Secretary  of  this'  Commission  to  obtun,  without 
any  further  delay,  from  the  Commissioners,  such  an  answer  as  they  are  prepared  to  gire  to  the 
question  of  the  probable  further  delay  of  thb  inquiry. 

I  am,  &a. 

The  Under  Secretary  of  State,  Jakes  Stansvbld. 

Home  Office. 


August  25th,  1870, 

Sib,  Inverary  Castle,  Arayllahire. 

Ik  reply  to  vour  letter  of  the  23rd  inetant,  I  have  the  honour  to  state  that  the  Chairman  of 
the  CommiBBiott  will  write  to  Mr.  Stansfeld. 

I  am,  &c., 

J.  F,  Campbell. 

Note. — The  Duke  of  Awyll  wrote  on  the  same  date  to  Mr.  Stansfeld,  es^aining  the  nature  of 
the  work  gcatuitooaly  un£rtaken  by  the  CommisBionerB,  and  other  matters  relative  to  tlua 
eonoepondence. 

J.  F.  Cahfbbll. 


The  rest  of  the  correspondence  relates  chiefly  to  the  payment  of  diarges  and  fwaudities  in  aoooimt- 
ing.  On  the  second  of  tbia  month  Mr.  Woodhonse  sent  m  a  final  report,  with  the  fi>Ilowing  letter, 
whidi  was  acknowledged  on  the  5th. 

Ashby-de-la-Zouch, 

Dkab  Sib,  2nd  November  1870. 

Ekolobed  I  beff  to  hand  you  the  result  of  a  further  inqniry  into  some  outlying  tracts  of  the  Beport. 
Yorkshire  coalfield.    This  is  not  very  important,  but  I  thought  it  best  to  Include  the  whole. 

Faithfully  yours, 

J.  F.  Campbell,  Johh  Ihos.  W0ODH0T7BB. 

Boom     House  of  Lords. 


isies.    ToL,n.  K 
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ClrenlAfs.  With  the  exception  of  this  eecond  and  final  report  by  Mr.  Woodhooae,  the  buBiiieas  of  tiie  Com- 
i^rcmaM,     nugnon  Btande  where  it  stood  on  the  23rd  of  July,  so  &r  as  I  am  informed  by  the  ComnuBnoners. 

Bnainefls.  Twelve  Eeporta  are  wanted  from  (4)  Committees  B.  C.  D.  E.,  and  from  the  following  membera : 

Nor.  U.  Mr.  YiTian;  2.  Mr.  Clark;  3.  Mr.  Dickinson  (1);  4.  Mr.  Dickmson (2) ;  5.  Mr. Elliott;  fi. 

Mr.  Hart^;  7.  Mr.  Frestwich;  8.  Mr.  Dickinson  (3). 

I  am,  &0., 

J.  F.  Gakfbell, 


Hr.  Frestwich  states  that  his  Beport  is  ready,  at  the  end  of  1870. 


Gomnuttee  Boom  0.  House  of  Lords. 

9tili  January  1871. 

Sib, 

I  AM  directed  by  the  Dnke  of  Argyll,  chairman  of  the  Coal  Commission,  to  request  that 
you  wiU  attend  a  general  meeting  at  Committee  Boom  G,  House  of  Lords,  at  noon  on  Tuesday  the 
7th  day  of  February  1871,  for  the  purpose  of  reporting  progress. 

The  enclosed  printed  arcnlar,  pp.  63,  64,  65,  66  General  Minutes,  contains  full  information  as  to 
the  present  state  of  buraness,  so  far  as  the  Se<»etary  has  any  means  of  knowing  how  it  stands. 
Bosinesfi  for      ^*    proposed  ibat  the  chairmen  of  Committees  A.  B.  C.  D.  E.  shall  first  present  their  reports ;  or 
meeting,       report  progress,  and  account  for  delay.    2nd,  that  members  who  have  undertaken  to  report  on 
7  Feb.  1871.  quantities  of  coal  worked  and  unworked  shall  give  like  information,  in  their  order,  as  on  page  64. 

3rd,  that  the  **  Committee  F.  Beporters,**  named  p.  63,  and  chosen  Karch  16th,  1870,  to  draft  the 
report,  shall  be  requested  to  state  th«r  ^ews  as  to  the  time  necessary  for  oonridering  tiiese  separate 
reports,  and  for  preparing  the  general  report  which  has  to  be  founded  upon  them. 

Jt  will  be  observed  that  twelve  reports  had  still  to  be  sent  in  on  the  14th  November  1870.  None 
have  been  sent  to  me  since  that  dat^  but  Abr.  Frestwich  has  infiumed  me  tiiat  his  report  is  ready. 
Eleven  reports  are  stiU  wanting. 

I  am,  &e. 

J.  F.  Campbell, 
Secretuy* 


The  printed  papers  mentioned  were  sent  on  the  13th.   The  following  letter  was  received  on  the 
14^  and  answered  on  the  16th. 

Whitehall, 

Sib,  12th  January  187  L 

Forms.  I  AH  directed  1^  Mr.  Secretary  Bruce  to  transmit  to  you  tiie  encl<Mied  copies  [17  copies] 

of  a  memorandoin  respecting  allowMioes,  made  by  the  Lorcu  CoomusncmerB  of  Her  Majee^s 
Treasury,  to  Commissioners  <n  Inquixy  serving  on  Boyal  Commiauons,  and  to  request  that  you  will 
conununicftte  the  same  to  each  of  the  ConumesionerB  in  the  Coal  Commission  of  Inquiry. 

I  am,  &C., 

The  Secretary  of  the  .  A.  F.  O.  Libdbll. 

Coal  Commismon. 


BoTAL  ComassiONS. 

It  is  the  practice  of  the  Lords  Commissioners  of  Her  Majesty's  Treasury  to  allow  to  Commiseioners 
of  Inquiry  serving  on  Boyal  Commissions  in  respect  of  every  24  hours  spent  from  home  on  the 
bnsinees  of  tiie  Commismon,  a  snbmstence  allowance  of  one  guinea. 

In  addition  to  the  submstence  allowance  their  Lordships  are  prepared  to  repay  to  Conunia^MNn 
their  actual  expenses  of  locomotion,  upon  a  detailed  account  being  rendered  by  them  of  the  time  at 
which,  and  the  manner  in  which,  such  expenses  were  incurred. 

[Sent  to  all  the  Commisaoners  Jan.  16th,  1871.] 


Boom  G>  House  of  Lords, 
Sib,  Jannaij  16th,  I87I. 

I  BAVfi  the  honour  to  achowledge  the  rec^t  of  your  letter  of  the  12th  instant,  and  to  state  tiiat  a 
copy  of  the  printed  memorandum  enclosed  h^  been  sent  to  each  surviving  member  of  the  Com- 
misnon.  I  may  remark  that  in  tiieir  case  subustence  allowance  was  fixed  oy  the  Treasury  on  the 
20th  of  July  1866  at  16  shillinge^  and  was  raised  to  a  guinea  for  every  day  and  night  when  absent 
from  home,  on  a  xemonstnmce  made  upon  experience  of  insuffidenoy,  Janoary  9th,  1807.  The 
Secretary  has  the  nune  aflowance  as  a  CommisBioner. 

lam,  &a, 

J.  F,  Campbell. 
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TWELFTH  OENEBAI.  MEETING—Tth  February  1S7L  12th  Meet- 

ing, Feb,  7, 

Pbbsent  :  1.  Mb.  Vivian  (m  the  Ghur) ,  1871. 
2.  FBorESSOS  Bausay;  3.  Mb.  Hunt;  4.  Mb.  Fbhstwioh;  5.  Mb.  Woodhouse;  6.  Mr. 

D10KIN8OIT ;  7.  Me.  Uabtlist  ;  8.  Mb,  Clabe.  Attendances. 
Seven  membere  did  not  attend. 

9.  Dr.  Percy;  10.  Mr.  ElHot;  11.  The  Duke  of  Argyll,  did  not  attend;  12.  Mr.  Goddes;  13. 
Mr.  Forster;  14.  ^  W.  Armstrong,  cannot  attend,  and  have  written  to  explain  thdrrearans;  15.  Sir 

Boderick  Murchison  is  not  well  enough  to  attend. 

(1.)  The  minutes  of  last  meeting,  April  5th,  1871,  page  63,  were  read. 

(2,)  The  Secretary  produced  the  general  minutes,  (nrculars  to  members^  &o,  printed  to  page  66, 
bound  and  fastened  with  copies  of  aU  the  napers  printed  for  the  Commission  up  to  this  date.  Most 
of  these  printed  papers  are  indexed,  ana  ready  for  publication,  when  desired,  ^hey  include  the 
report  of  Committee  A  as  settled  and  rendered  May  14th,  1870,  and  the  report  of  C  wuting  for 
settlement  since  June  17th.  The  reports  of  D,  B,  and  part  of  E  are  in  ^pe,  but  are  not  bound  with 
this  copy. 

(3.)  The  Secretary  produced  the  following  returns: — 

1.  Two  deal  boxes  sent  by  Mr.  Woodhonse  in  August  1870,  and  a  further  return  sent  in  October 

1870  from  York. 

2.  Report  by  Mr.  Foster  and  Mr.  Elliot,  June  20th,  1870 ;  a  roll  of  sections  and  a  paper. 

3.  Beport  by  Mr.  Geddes,  8th  July  1870,  for  Scotland,  with  a  map. 

4»  Beport  W  Mr.  Hull  (who  has  succeeded  Mr.  Jukes,  on  the  Geological  Surrey),  July  14th,  1870 
ror  Ireland. 

5.  Beports,  maps,  &c.  by  Mr.  Freatwich,  January  20tfa,  1871. 

6.  Two  deal  boxes  and  papers  sent  separately  by  Mr.  Clark,  February  1st,  1871,  for  part  of  South 

■Wales. 

7.  A  deal  box  and  a  letter,  with  a  return  sent  hy  Mr.  Hartley,  February  6th  and  7th. 

8.  Beport  for  the  western  portion  of  South  Wales,  y/ith  maps,  &c  Two  tin  cases  sent  by  Mr« 

Vivian,  7th. 

(4«)  The  Secretary  read  a  letter  from  Sir  W.  Armstrong  as  follows : — 

^  "  Ncwwstie-npon-Tyne,  ConunitteeF. 

"Dear  Snr,  January  16th,  1871.  Reporters. 

*'  I  am  sorry  to  say  that  the  day  appointed  for  the  general  meeting  of  the  Coal  Commission  is 
one  on  which  I  shall  be  specially  engaged  at  Newcastle.  I  shall  therefore  not  be  able  to  attend ;  but 
I  write  to  say  that  I  am  both  ready  and  wishful  to  proceed  with  the  drafting  of  the  general  report, 
in  conjunction  with  the  other  members  of  the  committee  appointed  for  that  purpose;  huU  as  the 
gmeral  report  must  he  founded  upon  the  reports  of  the  various  sectional  committees^  it  would  dearly  be 
premature  to  begin  it  until  all  tne  materials  for  its  construction  are  fbrthooming. 

"  I  earnestly  hope  that  an  effort  will  now  be  made  to  close  all  the  diTinonaT  inquiries  undertaken 
by  the  Commission,  and  thus  enable  us  to  make  an  end  of  the  burinese. 

«  The  Secretary,  «  Tours  faithfully, 

Boyal  Cioal  Commission.  «  W.  Q.  A^ustbong." 

(Answered,  17th  January  1871.) 

(5.)  The  programme  was  read  and  gone  through. 

As  TO  Committees  A,  B,  C,  D,  E. 

The  Secretary  stud,  the  report  of  Committee  A  is  finished,  and  has  been  mrculated  amongst 
the  members. 

B.  Mr.  Hunt  (chairman)  said,  the  report  B  is  in  type,  and  has  been  sent  to  members  of  the 

committee. 

A  meeting  of  the  members  will  be  held  tonlay,  at  which  it  will  probably  be  settled. 

C.  Mr.  Dickinson  produced  the  report,  which  was  marked  "  for  Press." 

D.  The  Secretary  had  Sir  Boderick's  introductory  report.    Professor  Bamsay  for  the  diairman 

(Sir  B.  Murchison),  produced  his  own  part  of  the  report  in  type,  and  the  sections  engraved, 
odonred,  and  printed.  All  north  of  the  Bristol  coalfield  is  included  in  tlus.  The  map  which 
is  to  accompany  this  part  of  the  report  has  advanced  and  will  soon  l>e  ready. 

A  postscript  will  have  to  be  added  after  the  separate  reports  from  coal  districts  are  printed. 

Mr.  Frestwich  said  that  his  portion  will  soon  be  ready.  It  is  partiy  finished  in  manuscript. 

The  reports  of  Professor  Geikie  and  Mr.  Hull,  the  genti^en  who  were  asked  to  report 
on  Scotland  and  Ireland,  are  ready.  The  report  of  Mr.  I^restwich  and  the  postscript  above 
mentioned  will  complete  this  report 

The  members  present  expressed  then:  reajcet  at  the  absence  of  the  chairman  of  com- 
mittee D,  Sir  Boderick  Murchison,  and  at  the  reason  which  has  prevented  his  attendance. 

E.  Mr.  Hunt,  for  Sir  Boderick  Murchison,  the  duurman,  produced  part  of  the  report  in  type, 

and  said  that  a  great  deal  more  is  in  the  hands  of  the  printers.  Within  the  next  two 
montlu,  Mr.  Hunt  hopea  to  complete  this  portion  of  the  work.  Mr.  Hunt's  illness^  &om 
whidi  he  has  now  hapioly  recoverod,  has  in  some  degree  delayed  his  wo^ 
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GGKEBAIi  BVSIKEflS. 


12th  Meet-  As  TO  SkfAuitb  Coal  Distbioxs  appobtioked  to  Mehbebb,  10th  October  1866. 

ing,  Feb.  7t  . 

■  (2^  Mr.  Cl^'  f  ^"^^^  Monmouthshire. 

£zoe^  Pembrokeshire,  which  will  be  ready  in  a  fortnight,  the  whole  is  in  the  hands  of  the  Com- 
mission in  manuscript ;  map,  &c.,  sent  6th  and  7th  Febnwry  1871.  A  portion  was  sent  to  press  on 
the  7th. 

3.  5.  10.  Mr.  Dickinson,  Forest  of  Dean,  &c.  A  paper  containing  the  abstract  of  the  work  was 
put  in.  This  includes  Lancashire  and  Cheshire  and  North  Wales  coalfields,  and  also  part  of  the 
oonntiy  which  was  asi^gned  to  Conumttee  D.  After  some  discussion,  it  was  agi^ed  that  Mr.  Dickimwni 
should  eliminate  from  his  calculations  the  district  which  was  assigned  to  Committee  D,  and  ecmfine 
his  report  to  known  and  proved  coalfields,  and  to  co^  actually  worked  under  the  Permian,  &o.  Sent 
to  press  on  the  7th. 

4.  Mr.  Foster  and  Mr.  Elliot,  Dutham  and  Northumberland.  The  Secretary  produced  the  report 
sent  in  June  20th,  1870.    Sent  to  press  on  the  7th. 

(6.)  In  the  absence  of  Mr.  Elliot  a  note  was  sent  to  hie  office.  He  was  not  in.  ^Subsequently  a.  note 
was  sent  to  say  thftt  Mr,  Elliot  will  be  in  town  to-morrow.   Feb.  27.  Nothing  has  come  from  Mr.  EUioL 

(7.)  Mr,  Hartley  produced  the  papers  sent  February  6th,  1871.  South  Staffordshire,  Worcester- 
shire, and  Shropshire  complete.    These  he  took  with  him  to  make  some  alterations. 

(8.)  Mr.  Woodhouse,  Yorkshire,  North  Derbyshire,  and  Nottingham,  ^  South  Derbyshire  and 
Leicester^ire,  and  Warmckshire.  The  papers  sent  in  before  August  and  in  November  1870  were 
produced,  and  some  were  sent  to  press  on  the  7th. 

(9.)  Mr.  Prestwich — Somersetshire  and  part  of  Gloucestershire — ^produced  the  papers  finally  sent 
in  January  20th,  1871,  of  which  an  abstract  was  made  long  ago.    Sent  to  press  on  tlie  7th. 

(11.)  Mr.  Geddes.  Scotland.  The  Secretary,  in  the  absence  of  Mr.  Geddes,  produced  his  return 
sent  in  July  8th,  1870.    Sent  to  press  on  the  7th. 

(12.)  Mr.  HulVs  report.  Ireland.  The  Secretary  produced  these  papers.  Sent  in  July  14th,  1870, 
Sent  to  press  on  the  7th. 

(13.)  With  reference  to  the  reports  of  Mr.  Dickinson  and  Mr.  Prestwich,  these  gentlemen  were 
requested  to  alter  their  returns  so  as  to  distinguish  between  coals  below  and  above  the  depth  of 
4»000  Jeeb 


Committee  F* — Eepoeters. 

lAx.  Woodhouse  proposed  to  meet  for  the  purpose  of  abstracting  the  returns,  when  th^  are  printed 
and  rcady  for  consideration. 

(14.)  The  Secretary  was  directed  to  print  the  sectional  reports  as  they  ome  in,  and  to  send  proo& 
to  each  member  to  be  settled.  When  settled,  a  copy  to  be  sent  to  each  member  of  the  Conunieuon, 
mai^Eed : — "  For  the  use  of  the  members  of  the  Coal  Commission  only." 

The  words  "  sectional  reports "  to  include  everything  that  each  member  may  coniuder  necessary 
to  make  his  report  clear  and  comprehensible.  Each  member  to  inform  the  Secretary.  On  this  minute 
the  Secretary  sent  to  press  eight  of  these  sectional  reports  as  they  were  given  to  him  by  the  members, 
or  as  they  had  been  sent. 

(15.)  The  meeting  adjourned  without  fixing  a  new  meeting. 

BuBiness,         (16.)  Note. — The  folbwing  is  the  state  of  business  at  this  date  after  the  meeting. 
7  Feb.  1871.  Two  reports  complete,  ready  for  prMS,  A.  C. 

One  report,  B,  revised  report  to  be  sent  soon. 

Six  reports,  D,  three  in  type,  one  sent  to  press,  one  not  sent  in,  one  not  written. 
One  report,  E,  unfinished. 

Ten  reports,  sent  to  press  February  7th,  incomplete  in  some  cases,  to  be  printed  and  revised  by 

their  andiors,  and  to  be  ^roulated.   Mr.  Dickinson's  three  reports  have  to  be  altered. 
One  report,  taken  away  to  be  altered  by  Mr.  Hartley. 
One  report,  Mr,  Elliot's  not  sent  in  on  the  8th. 
In  all  twenty>two  reports,  on  which  the  general  report  will  bo  founded  when  they  are  all  finally 
settled. 

The  work  still  to  be  done  is  the  completion  of  20  reports,  and  the  writing  of  the  general  report, 
which  has  to  be  founded  upon  a  coDsiderataon  of  all  the  matters  contained  in  ul  the  aub-report&. 

Feb.  27,  The  Secretary  circulated  proofs  of  the  papers  which  were  sent  to  press  on  the  7Ui.   A  press  i£ 

1871.  work  has  caused  some  delay.  Tlie  last  parcel  was  sent  by  the  printers  on  this  date. 
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Cl&CUI^AB  TO  MkHBEUS. 


[NOTS.^Q/*  the  drcHiar  dated  May  8th  one  coj^  wa$  tent  ta  the  Home  Qffieef  and  one  to  each  mewAer, 
May  I2th.    Some  MS.  tiotes  are  in  the  Home  Office  eopyJ] 

Coal  OommieffiOD,  May  23r(],  1871 

ObKTXiEUEK^ 

I  have  the  honour  to  send  you  the  ibilowing  account  of  the  state  of  business. 


let  Ten  Bsfostb  bt  Five  Cosouttees  on  Separatsi  Subjects. 

1.  A.    Depth        ------  -  _  Circulated 

2.  B.   Combustion.   One  signature  wanted  -         -         -         .  .  Printed 

3.  C.    WorKng      -         --  --  Circulated 

4.  D.    Geolo^cal.    lUport  vpon  probable  but  unproved  coa^lds.   Six  sub-reports, 

mapst  tfe. 

1.  Sir  R.  Murchison.   Introductory       -      -  -  -  Printed 

2.  Mr.  Q&kie.    Scotland  -  -  Printed 

3.  Professor Bamsay.  N.England.  (Map,  sections,  not  quite  finished)  Printing 

4.  Mr.  Frestwich.     S.  England.    (Since  early  in  April  official 

sanction  wanted  to  begin  the  publication  of  Surrey  maps  and 

sections.)  -  -  -  -  -  W  

5.  Mr.  Hull.   Ireland  -  -  Circulated 

6.  Professor  Ramsay.  Postscript  wuling       -      -       -  -  W  

10.      Trade  statisti<»»  partly  pzintedr  part  unwritten.   (Mr.  Hunt  waitai^  for 

funds,  I  believe.)         -  -  -  Printing 


2nd.  Thirteen  Befobta  upon  Fboted  Coalfields,  bhowjno  QxrAimTiKS 

WORKED  AND  YTNWOBKED. 

1.  Mr.  Vivian.    S.  Wales.    Part  sent  in  May  Ist.  -         -          -           -  Printed 

2.  Mr.  Clark.    S.  Wales        -          -          -  -          -          -          -  Circulated 

3.  Mr.  Dickinson.    (1)  Forest  of  Dean    -         -  -         -          -       -  Circulated 

4.  Mr.  Forster.  Northern  Counties  -  -  -  -  Circulated 
6.  Mr,  Elliot   (1)  Northern  Counties          -  -         -         .           -  Circulated 

6.  Mr.  Dickinson.    (2)  Lancashire  Circulated 

7.  Mr.  Elliot    (2)  N.  StaffordBhire   Circulated 

8.  Mr.  Hartley.    S.  StaiTordshire  Circulated 

9.  Mr.  Woodnouse.   Midland  Districts         -         -         ^         _          .  Circulated 
la  Mr.  l^estwich.    Somersetshire                  -          .          -          .          .  Circulated 

11.  Mr.  Dickinson.    (3)  N.  Wales    -  -         ■-  -  -  Circulated 

12.  Mr.  Geddes.    Scotland       -  -         -  -  -  _  Circulated 

13.  Mr.  Hull   Ireland         -         -         -     .    -         -  -  -  Circulated 

23  Sub-Beports: — 

15  In  tne.  hands  of  members ; 

1*4  Printed; 
8  incomplete-]  2  Printing; 

(.  a  In  the  authors'  hand^ 

F.  Beporters  will  hold  their  first  meeting  on  the  8tfa  of  June.  Meantime,  Sir  W.  Armstrong, 
Professor  Bunsay,  and  Mr.  Woodhouse  have  6op.eB  of  all  the  printed  and  (arculated  papers,  or  can 
ob^  them. 

J.  F.  Campbell, 
Secretary  to  A.  B.  C.  D.  E.  F.  imd  the  Commienon. 
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GENEBAIi  BnSlHESEI^P.  EEF0BTBB8. 


June  9th,  COMHITTEE  F,— Eeportent  cboeen  March  16th,  1870  (p.  63,  General  Mmatea).  Fint  Meetuift 
1871.  June  9th,  1871. 


Committees. 
July  7th, 
1866. 


Report  A., 
May  14tb, 
1870. 


Report  B., 
Jane  9th, 
1871. 


Pbesent: 

(1.)  Sib  'WiLLiAH  Abhbtbong;  (2.)  Fbofessob  Bamsay.   Mr.  Woodhouse,  who  has  been 

unwell,  wrote  from  Scotland. 

1.  The  Secretary  produced  the  following  Btatement  of  busineea  m  his  department  at  this  date. 

[Note. — Of  the  circular  dated  May  Sth  one  copy  wag  sent  to  the  Home  Office^  and  one  to  each  mender, 
Mc^  12/A.    Some  MS.  notes  are  in  the  Home  Office  copy,'\ 

A  circular,  dated  May  23rd,  was  sent  to  each  member,  and  to  the  Home  Office. 

Oentleheit,  Coal  ComausBion,  June  9th,  1871. 

I  have  the  honour  to  lay  before  yon  the  fbllo^raig  account  of  the  state  of  business. 

J.  F.  Campbeli*, 

Seorataty. 

let  Ten  Befobts  bt  Fits  CoBiioTTBES  on  Sefabate  SuBraora 

At  the  first  meeting  of  the  Coal  Commission,  held  July  7tb,  1866,  at  Committee  Boom  O,  Honee 
of  Lords,  the  Commission  decided,  ".that  it  was  expedient  to  divide  their  inquiry,  and  to  appoont 
*'  conmiitteM  to  investigate  separate  subjects ;  but  that  evei^  member  of  the  Commission  shall  luve 
"  leave  to  serve  on  any  committee  he  pleases,  in  addition  to  that  spedaUy  aaoigDed  to  him."  Under 
thie  minute,  all  papers  have  been  circulated. 

At  the  meeting  of  the  Coal  Commission  hdd  July  13th,  1866,  it  was  decided,  "  that  the  Secretary 
"  shall  communicate  to  each  member  of  the  Commission  the  respective  committees  on  wluch  he  is 
"  specially  appointed  to  ac^  and  the  names  of  the  members  fimning  such  committees.** 

1  had  the  honour  to  forward  the  lists  to  each  member,  in  compliance  with  the  direction  of  As 
members  present  on  the  13th;  and  also  a  printed  copy  of  the  Cinunission,  July  14th,  1866. 

The  fbUowing  committees  were  chosen  at  first,  and  names  were  added  afterwards,  as  shown  below : 

(1.)  A* — CommiUee  on  posnble  dep&s  qftoorkinff.    {WiA  power  to  take  Evidence.) 

1.  Sib  W.  G.  Abmstbono,  C.B.,  8,  Qreat  George  Street,  Westminster,  and  Newoasde-on-l^ 

2.  Thokab  Emebson  Fobsteb,  Esq.,  7,  Ellison  Fhuse,  Newoastle-on-l^e. 

3.  JoSEFH  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 

4.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-l&-Zouchft 

5.  Geobge  Eixiot,  Esq.,  23,  Great  George  Street,  Westminster. — November  8th,  1866. 

Kwt  Meeting  held  second  Tuesday  in  September,  at  10  a.h.,  at  Committee  Boom  G,  HooM 
of  Lords. — ^Eteport,  May  14th,  1870,  drcolated. 


Report  C, 
May  4th, 
1S70, 


"B*— Commits  on  "Waste  in  ComAtuHon,   (  WUh  powr  to  take  Mvidenee.) 

1.  Henbt  Husset  Vivian,  Esq.,  M.P.,  Park  Wem,  Swansea. 

2.  John  FEBcr,  Esq.,  M.D.,  1,  Gloucester  Crescent,  Hyde  Pai^  London. 

3.  John  Hastlet,  Esq.,  Wolverhampton. 

4.  Geoboe  Thomas  Clabk,  Esq.,  Dowlais  House,  Merthyr  TydviL 

5.  Bobebt  Hunt,  Esq.,  Museum  of  Practical  QeiAogj. — February  12,  1867. 

First  Meeting  as  above,  at  noon. 

First  Meeting  to  take  evidence  under  Mr.  Hunt  as  Chidrman,  Fehruaiy  25,  1869. — ^Bqrort 

June  9, 1871,  (uroulated. 

(3.)  C. — Committee  on  Waste  in  Working,   {WUh power  to  take  Eoidencel) 
\.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 

2.  Thomas  Emebson  Fobsteb,  Esq.,  7,  Ellison  Place,  Newcastle-on-Tyne. 

3.  John  Thohab  Woodhouse,  Esq.,  Ashby-de-la-Zouohe. 

4.  John  Geddeb,  Esq.,  Mining  En^neer,  9,  Melville  Crescent,  Edinburgh,  N.R 

6.  Gsobge  Elliot,  Esq.,  23,  Great  George  Street^  WestmuiBter.— Kovember  8,  1866. 

First  Meeting  as  above,  at  2  pjc. 
Beport  May  \,  1870,  Ciroolated. 
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(4.)  "D^-^Geoloffieal  Committee  on  the  ProhaliiJity  of  finding  Coal  under  Permian,  New  Red  iikmdstone,  CommitteeB. 

and  oiker  superincumbent  strata.    {With  power  to  take  Evidence.)  July  7th, 

1866. 

1.  Sib  Bodebiok  L  MnBCHlsON,  Bart,       &c.,  16,  Belgrave  Square. 

5,  Ahdbew  Cbokbxb  Bahbat,  Esq.,  28,  Jermyn  Street 

3.  JosxPH  Fbbstwioh,  Esq.,  10^  Kent  Terrace,  Begenlfe  Park,  London,  N.W. 

4.  Joseph  Bbbte  Jukss,  Eaq.,  51,  Stephen's  Green,  Dublin,      {deceased  1869.) 

6.  John  Xhoius  Woodhouse,  Esq.,  Ashby-de-la^Zouche. 

6.  Jo8B?H  DzGKiKSOH,  Esq.,  Inspector  of  Mines,  Pendleton,  Hant^ester. 

7.  Gbobok  Elliot,  Esq.,  23,  Great  George  Street,  Westnunster. — November  8,  1866. 

8.  HeNBT  HtTSSBT  VmAN,  Esq.,  M.P.,  Pork  Wem,  Swansea— November  8,  1866. 

Time  and  place  of  first  Meeting  fixed  by  Uie  Chairman  October  10, 1866. 

RbFOBT  upon  PBOBABLE  but  UNPEOYED  COILPIBLDB.     SiX  6UB-BXP0BTS,  MAPS,  &a 

1.  Sir  B.  Hnrohisoo.   Introductory.   July  22,  1870       -  -  Printed. 

2.  Mr.  G^e.    Scotland.   August  21, 1869         -         -  Printed. 

3.  Professor  Bamsay.    N.  EngUnd.    (Map,  sections,  not  quite  finished)  Printing. 

4.  Mr.  Frestwioh.    S.  England.    (Since  early  in  April  official  sanction 

wanted  to  begin  the  publication  of  maps  and  sections.)  Sanction 

given  June  6,  187 1          -         -         -         -  -         -  Printing.  „  „  „ 

6.  Ifc.  Hull   Ireland.   May  27,  1871    -                  n  -  Circulated. 

A.  Professor  Bamsay.   Postscript  waiting,  fiv  advanced  «         -  W  ^^f^  ^  * 

(10.)  E. — Committee  an  Mineral  StaOsHes.    {With  power  to  take  Evidence,) 

1.  Sir  Bodebick  1  Mubchisok,  Bart,  &c.  &c.,  16,  Belgrave  Square. 

2.  Bobebt  Hunt,  Esq.,  F.B.S.,  Museum  of  Practical  Geology. 

TUme  and  place  of  meeting  to  be  fixed  by  the  Committee.  \ 
The  work  has  been  done  by  Hr.  Hunt  alone. 

Partly  printed,  part  unwritten.   (Mr.  Hunt  is  working  at  his  own  risk,  as  the  Report  £., 
Treasury  have  re&sed  to  advance  funds.   Part  of  the  work  is  stopped.)  Printing.  ^^71. 

Thibtbbn  Bkporis  ufon  Pboted  Goaltields,  BHOwora  quantitisb  wobked 

AND  UNWOBKED. 

1.  Mr.  Vivian.    S.  Walea   Part  sent  in  May  1st    Sent  to  author  for  revinon 

May  23.    Second  revise  sent  to  author  June  7.  •         June  13  Circulated. 

2.  Mr.  Churk.    &  "Wales  -  -         -  -         -  CinnJated. 

3.  Mr.  Di<^nson.   (1)  Forest  of  Dean  Circulated. 

4.  Mr.  FoTSter.    Northern  Counties     •--««.  Circulated. 

5.  Mr.  Elliot    (1)  Northern  Counties  -         -         -         -  Circulated. 

6.  Mr.  Dickinson.    (2)  Lancashire       -  -         .  .         .      .  Circulated. 

7.  Mr.  Elliot   (2)  N.  Staffordshire  Circulated. 

8.  Mr.  Hartley.    S,  Staffordshire  Circulated. 

9.  Mr.  Woodhouse.   Midland  Dis^ts       ^-         -         .         .         .  Circulated. 

10.  Mr.  Prestwich.  Somersetshire        -      '  -         «         -         -      -  Circulated. 

11.  Mr.  Dickinson.    (3)  N.  Wales      ------  Circulated. 

12.  Mr.  Geddes.    Sooiumd  ^      -   Circulated.      13  Reports, 

13.  Mr.  HuB.   Ireland         -  -  Circulated.      June  I3th, 

1871. 

23  Sub-Beports : — 

16  in  the  hands  of  members ; 

rs  Printed; 
7  incomplete  D  &  E  4  3  Printing ; 

l_  1  In  the  author's  hand. 

24,  General  Befobt.  F.  Reporters  held  their  first  meeting  on  the  9th  of  June.  Sir  W.  Arm-  Draft  Re- 
strong,  Professor  Bamsi^y  and  Mr.  Woodhouse  have  copies  of  lUl  the  printed  and  circulated  papers,  port,  July 
or  can  obtaia  theqt  20th,  1871, 

J.  F.  Cakpbell,  «>**^ 
Secretary  to  A.  B.  C.  D.  E.  F.  and  the  Commission. 


K4 


Digitized  by 


72 


amm&AL  business. — ^F.  bbpobtebs. 


Committees 
July  7, 1866. 

Report  D  3, 
Mr.  Prest- 
wicb. 


Report  E., 
Mr.  Hunt. 


Qnan  titles 
of  coal. 


2.  With  his  report  the  Secretary  produced — 

(a.)  Three  reports  of  Committees  A.  B.  0.  aa  circulated,  together  with  the  evidence,  &c> 
printed.  Ready. 

(6.)  A  letter  {torn  Mr.  Prestnich,  D  4,  as  follows: — 
Dear  Mr.  Campbell,  ^  Mark  Lane,  8th  June  1871. 

1  have  seen  Ramsay  this  morning,  and  told  him  thai  I  hare  sent  in  part  of  my  report  for 
Committee  D,  and  the  cause  of  delay  of  the  conclading  part.  In  the  part  sent  in  I  go  into  the 
question  of  the  probability  of  coal  measures  existing  in  the  south  of  England,  and  anire  at  a  veiy 
distinct  affirmative.  I  then  go  into  the  question  of  probabilities,  and  the  part  I  am  now  engaged 
upon  vrill,  T  thmk,  show  that  there  is  the  highest  probalnli^  of  a  laige  area  of  prodoctiTe  coal 
measures  existing  under  the  secondary  rocks  of  the  south  of  England.  On  this  subject  I  give  the 
abstract  of  evidence  of  all  the  witnesses  before  Committee  D.  Ramsay  tells  me  tiiat  his  report  wUl 
not  be  ready  this  week,  so  tiiat  I  hope  to  let  him  have  the  remunder  of  mine  in  good  time  to  go  in 
with  his,  and,  X  am, 

Vwy  truly  yours, 

Jo.  Fkbstwich. 

Proofs  of  the  first  pai-t  of  this'report  D  3.  which  was  sent  to  the  Secretary  June  7th,  were  sent  by 
the  printers  June  9th,  aller  the  meeting  had  separated,  and  were  sent  to  the  leportezs.  Thj&  maps,  for 
which  Btmction  was  asked  April  15,  and  given  June  6tb,  were  put  into  the  hands  of  AiUssrs.  Day  and 
Son,  by  Mr.  Frestwich  June  8tb. 

(c.)  The  printed  papers  of  Committee  D  and  the  evidence;  Ready. 

{d.)  A  letter  horn  Mn^Hunt  rehtive  to  Committee  £,  as  fi>llow8 : — 

1,  Anglesea  Villas, 

Gravdly  Hill,  Birmingham. 
Mr  Dear  Sik,  SthJnne  1871. 

Committee  £.  I  promised  you  that  by  the  8th  you  should  have  a  summary  of  my  conch^ona. 

In  a  few  words  I  can  tell  you  what  theae  wiU  be. 

(1.)  Our  production  of  coal  is  now  107,000,000  tona  a  year.  I  do  not  think  it  probable  that  thia 
will  be  very  largely  increased.  We  know  the  rate  of  the  increase  of  our  population,  about  one  per 
cent  per  annum.  There  will  be  increased  consumption  to  this  extent  in  one  ejection ;  there  will  be  a 
reduction  through  increased  economy  in  a  contrary  direction. 

(2.)  The  cool  used  in  our  manufactures. 

All  the  evidence, — and  it  is  a  vast  mass, — before  me  appears  to  show  that  we  cannot  reckon  on  a 
large  increase  in  an^  of  our  manufacturing  indostries.  The  owsumption  of  coal  is  greatest  in  our  iron 
manufactures  (it  being,  in  all  branches,  in.  round  numbers  30  million  tons  at  present).  My  powers  of 
prevision  do  not  inform  me  of  any  increase  of  importance  in  this  direction  in  the  future.  The  same 
remark  applies,  but  not  so  forcibly,  to  other  manufactures. 

There  is  evident  economy  to  the  extent  of  about  20  per  cent.  Bteodlly  going  forward;  this  will 
balance  any  increase  in  our  mflnuiactuteB. 

(3.)  Our  exports. 

"In  1867  we  exported  10,565,829  tons. 
In  1868        „        10,967,062  „ 
In  1869        „        10,744,945  „ 

These  figures  jconvey  some  idea  of  the  progress  of  our  export  coal  trade.  I  think  my  full  statement 
of  the  production  of  coal  in  foreign  countries  will  go  to  show  that  leas  of  £i^Hsh  coal,  will  be  used  in 
oni*  colonial  possessions,  and  remote  foreign  countries,  in  future  years,  than  is  now  being  used. 

I  do  not  BupfK)se  our  reporters  general  will  absolutely  require  my  **generid  conclusions  "  fbr  thdr 
draft,  for  a  few  weeks.  TTbe  immense  mass  <^  tabular  matter  which  I  have  to  examhu  and  oonect,— 
the  computations  which  I  have  to  make,  after  examining  all  the  matter  in  type,  and  the  additions 
made  daily, — and  the  dose  study  which  all  will  require  before  I  can  venture  to  write  that  which  is  to 
be  printed, — prevents  my  giving  you  more  than  this  very  rough  outline  now.  Some  of  my  tables  1 
cannot  complete  until  the  Treasury  aUows  me  to  do  so.  Oblige  me  by  saying  if,  for  the  present,  tiiia 
statement  vrill  be  aoffiment ;  or,  if  not,  what  further  information,  short  A  the  finished  report,  will  be 
required  of  me. 

I  am, 
Tonrs  ever  truly, 

J.  F.  Campbell  of  IsUy,  Robebt  Hukt. 

&a  &C. 

Letter  answered  June  6th.  Iteferred  to  Chairman,  to  be  returned  for  tiie  meeting  on  tiie  9th  M 
noon. 

(«.)  Thirteen  reports  as  to  qnantitiee  of  ooal  in  known  coalfields,  as  th^  docnmenta  have 
been  revised  oy  th^  aatiuwa  at  thia  dat^  and  dronlated,  as  atated  above  in  detail. 

(/.)  A  tabular  summary  of  results  taken  from  their  13  reports,  prepared  under  Mr.  Wood- 
house,  and  sent  by  his  desire.  This  was  ordered  to  be  preserved,  toft  the  conndention  of 
Mr.  Woodhouse  himself. 


Ditto  Sab-  3.  Professor  Ramsay  poroduoed  a  nmihur  bnt  indHnj^ete  tabular  statement  intended  to  show  qaaa- 
Fwmian,  Ac  titiea  of  coal  in  distncta  wluch  come  under  Committee      and  are  not  indoded  in  the  maasuuf 
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prepared  by  desire  of  Mr.  WoodhoUBe.   Frofewor  Banuay  hopes  soon  to  finieh  this  portion  of  the 
report,  bat  the  labour  is  enormous. 

4.  The  members  discussed  the  General  Report,  whioh  has  to  be  founded  upon  these  23  reports,  of  June  9th, 
which  seven  are  still  incomplete,  as  shown  above  in  detail.    These  constitute  parts  of  the  report  1871. 

of  D.  and  E.  and  reports  on  quantities.  ^"^^^^^ 

5.  The  next  meeting  is  to  be  on  Tuesday  13th,  at  10.30  a.m.  at  Boom  G,    Mr,  Woodhouse  is 
expected  to  attend,  ananaa  been  informed,   ao  time  was  tuuned  tar  completing  this  work. 

W.  G.  ASUSTBOHO. 


F.  Beporters. — Second  Meeting,  June  13, 1871,  at  10.30  a.m, 

Pbe&bnt     1.  Sib  W.  G.  Abmbtbonq.  2.  Fbofessor  Rahsat. 

1.  The  minutes  did  not  arrive  in  time  from  the  pnnten.  They  were  sent  to  the  members  later  June  ISth. 
in  the  day. 

2.  Mr.  Woodhouse  was  unable  to  attend,  being  unwell. 

3.  It  was  dedded  to  meet  again  on  the  23rd  at  noon,  when  it  is  hoped  that  Mr.  Woodhouse  will 
be  able  to  attend. 

W.  G.  ABUfiTBONQ. 


F.— Beporters.  Third  Meeting,  June  23rd,  10.30  am. 
Pbesent: 

1.  Sib  W.  ABKSTBOya  (in  the  chaSr);  2,  Fbofbssob  Baxsat;  3.  Mb.  WooDhoitss. 

1.  The  minutes  of  tiie  last  two  meetings  were  read  and  signed.  Jane  28d. 

2.  ^e  Committee  revised  the  draft  prepared  by  the  Secretary  whidi  relates  to  the  proceedings  of 
tiie  Commission.   It  was  approved  as  altered.    Revises  to  be  got  ready  for  next  meeting;  six- 
ordered. 

3.  The  Committee  then  considered  the  drafting  of  the  report. 

4.  Professor  Ramsay  produced  the  index  map  on  which  he  is  at  present  engaged.  Is  is  coloured 
according  to  a  plan  devised  to  suit  the  work  of  this  Commission.  After  oc^aining  the  map,  and  the 
method  of  estimating  depth,  and  quantities  of  coal  in  districts  beneath  the  Permian  and  other  strata. 
Professor  Ramsay  produced  a  preliminary  estimate  of  quantities  under  some  of  these  districts,  at 
depths  leas  than  4,000  feet,  amounting  to  about  136  years  consumption.  This  is  but  a  small  part  of 
the  whole,  which  has  to  be  added  to  ihe  quantities  previously  returned.  Th«e  roughly  amounted  to 
883  years  consnmption,  at  one  hundred  and  ten  millions  of  tons  a  year. 

Thus  &r  the  Canmisucm  have  returned  upwards  of  a  thousand  years  consumption,  at  the  present 
rate. 

5.  The  Chairman  proposed  an  ontiine  of  the  geolo^cal  section  of  the  general  report.  Professor 
Bamsay  was  requested  to  drafl  certain  paragraphs. 

6.  In  like  manner  Mr.  Woodhouse  was  rrauested  to  deal  with  the  quantities  whidi  have  been 
returned  by  the  members  to  whom  separate  districts  were  assigned. 

7.  The  Chairman  himself  will  undertake  tiie  remainder  of  the  work. 

8.  The  Secretary  was  desired  to  furnish  the  Chairman  with  a  set  of  the  reports.  He  made  up  a  set, 
and  left  the  file  at  No.  8,  Great  George  Street,  as  desired. 

9.  The  next  meeting  is  to  be  on  tiie  4th  of  July,  at  the  same  time  and  place.  10.30  A.M.,  Room  G. 
The  meeting  fixed  for  the  4th  was  put  o£f  to  the  5th  by  demre  oi  Sir  W.  Armstrong,  and  was 

afterwards  postponed  to  the  lltii  at  the  request  of  Professor  Bamsay  to  ^ve  time  for  the  completion 
of  his  work, 

W.  G.  Abmstboko. 


F.  Reporters. — Fourth  Meeting,  July  11, 1871,  at  10.30  a.m. 

Pbsbbnt:— 1.  Sib  W.  ABUSTBOxa  (in  the  chair) ;  2.  Fbofebsob  Bamsay  ;  3.  Mb.  Woodhouse. 

1.  The  minutes  of  last  meeting  were  read  and  signed.  July  11th. 

2.  .The  Secretary  p^uoed  three  sets  of  papers,  Vd.  I.  Reports,  and  VoL  IL  Appendices;  arranged 
for  reference  and  publication,  but  not  yet  complete. 

3.  Taking  Vol.  I.  Reports,  the  Commissioners  considered,  first,  the  13  reports  t^n  separate  coal 
districts,  uded  by  Mr.  Harry  Lupton^  who  has  been  working  for  Mr.  Woodhoose  on  this  branoh  of 
the  inquiry. 

1M8S.     Vob  n.  L 
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July  iiih.  In  the  oourse  of  this  examination  the  Seoretaiy  iras  directed  to  write  -to  MeflBra.  Httttej,  Goddei, 
1871.  Foreter,  and  Elliot,  about  the  estimated  loss  firom  waste  in  working  and  otiher  oausea. 

Hr.  Hull  has  only  estimated  12  per  cent  for  loss  firom  faults  ana  other  natural  causes ;  21  per  cent, 
additional  must  be  deducted  for  waste,  &&  in  working. 

jKb*.  Elliot  was  requested  to  look  to  some  errors  in  his  returns.  In  his  absence  these  were  corrected 
by  a  gentleman  in  the  office  of  Mr.  Elliot.  Mr.  Lnnton  corrected  a  prooi^  haviiu^  been  anthoziBed 
to  do  so  by  the  gentlemen  in  whose  returns  he  had  discovered  errors.  On  these  returns,  pua- 
graphs  were  drawn  for  the  general  report. 

4.  Professor  Batnsay  read  the  general  summary  of  his  results  obtained  under  the  heading  D  2. 
The  Secretary  was  directed  to  request  Mr.  Prestwioh  to  attend  to-morrow  to  explain  about  the 
quantities  wmch  he  returns  under  newer  rocks  for  Committee  D.  He  wrote  accordingly  two  lettera 
He  was  also  directed  to  write  to  Mr.  Geikie  for  information  on  ike  same  point ;  and  he  wrote 
accordingly. 

5.  The  Secretary  produced  the  summary  of  Mr.  Hunt's  report  which  was  sent  yesterday. 
The  next  meeting  to  be  held  to-morrow  the  12th,. at  H* 

W.  O.  Abhbtbono. 


July  12tb.  F.  Beporters.— Fifth  Meeting,  July  12,  1671,  at  11. 

Fbebent  : — All  the  members. 

1.  The  Secretary  reported  that  he  had  done  as  directed  yesterday. 

2.  The  Committee  resumed  the  consideration  of  Pntfessor  Ramsay's  sumnttry  of  results  obtained 
by  Committee  D ;  after  which 

3.  They  conddered  the  skeleton  of  the  whole  report,  and  agreed  upon  the  general  arrangement. 

4.  After  which  the  members  present  wrote  and  dictated  portions  of  the  report. 

5.  Which  the  Secretary  sent  to  press  at  8  p.m. 

6.  It  was  azreed  to  meet  again  as  a  Committee  at  12  on  Monday  the  17th  to  settle  the  draft,  if 
possible.  In  Uie  meantime  the  members  are  to  work  separately  at  portions  of  the  report,  and  Sir 
W.  Armstrong  is  to  proceed  with  the  general  report  on  the  plan  agreed  to. 

7.  A  letter  &om  Mr.  Prestwich  gave  the  desired 'information,  and  was  referred  to  Professor 
Ramsay. 

W.  G;  Abh'stbono. 


July  13th.  F.  Reporters.— Sixth  Meeting,  July  13,  1871. 

pBiiSENT : — 1.  Sib  W.  Abhstbong. 

The  Secretary  worked  at  tiie  report  of  Mr.  Prestwich.  At  5  Sir  W.  Armstrong  resnmed  the  draftbg 
of  that  portion  of  the  general  report  which  relates  to  statistics.  Proofs  of  yesterday's  work  were  got 
from  the  printers,  and  were  sent  to  Professor  Ramsay  and  Mr.  Woodhonse.  Mr.  Harry  Lnptm  od 
the  port  01  Mr.  Woodhonse  was  in  attendancei   At  7.30  the  meetiog  was  adjourned. 

W.  G.  ABMSTBOSa 


July  14th.  F.  Reporters. — Seventh  Meeting,  July  14. 

Sir  W.  Armstrong  and  the  Secretary  met  at  10  a.m.,  and  proceeded  with  the  drafting  of  the 
report  as  it  relates  to  waste  in  combustion  and  mineral  etatistics.  A  letter  from  Mr.  Geikie  explains 
why  he  is  unable  to  ^ve  any  estimate  of  quantities  of  Sub-permian  Scotch  coal.  It  was  forwarded 
to  Professor  Ramsay,  who  has  undertaken  tmt  branch  of  the  report,  see  Minute  3,  Jnne  9,  1871. 

The  day's  work  was  sent  to  press  by  spedal  messenger,  and  it  was  settied  to  meet  agfun  on 
Saturday  at  10  a.m. 

W.  G.  Abkstboko. 


July  l£dL  Importers. — Eighth  Meeting,  July  IStb. 

Sir  W.  AmiBtrong  and  the  Secretary  met  and  finished  the  draft,  which  was  taken  to  press  by  the 
Secretary.  Two  proofs  were  sent  to  Sir  W.  Armstrong  at  tiie  Atfaoueam  that  ev^aag,  ud  Ibor 
were  sent  to  Boom  G. 

W.  G.  AxmnoiT^ 
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F.  Reporters. — Ninth  Meeting,  Monday  July  17th,  July  i7th, 

1871 

Sir  W.  Armstrong  and  the  Secretary  met  at  11.   At  12  the  Committee  met  as  agreed. 
Fbesbnt  : — Sib  W.  Abhstbohg,  Pbofessob  Rahbat,  and  Mb.  Woodhoube. 

1.  The  minutes  were  read  and  sinted. 

2.  Letters  were  read  &om  Mr.  Elliot  and  Mr.  Foreter,  replies  to  letters  written  on  the  11th 
(Minute  3).    They  give  the  desired  information. 

3.  A  statement  referred  to  by  Mr.  EUiot  was  produced.  The  Secretary  was  desired  to 
preserre  it  He  sent  it  with  a  letter  to  Mr.  Elliot,  who  has  maps  and  papers  which  wiH  have  to  he 
kept  somewhere  with  similar  documents. 

4.  The  Drafit  Report  was  then  read  and  rcTised,  and  sent  to  press  at  3..30  p.m.    Six  copies  ordered 
to  he  ready  at  Room  G,  at  h^f  past  two  on  Tuesday  the  18th. 

6.  Mr.  Price  Williams,  a  gentleman  conversant  with  lai^  calculations,  was  invited  by  Mr.  Wood- 
house,  on  the  part  of  the  Committer  to  make  some  calculati<ms  founded  upon  figures  |^  the  report 
and  sub-repocta.   He  was  requested  to  attend  professionally  next  day  at  the  same  hour. 

W.  O.  ABMSTBONa 


F.  Reporters. — Tenth  Meeting,  2.30  p.m.,  July  18th.  ^g^^ 
Fbesekt: — 1.  Sib  W.  AsHBTBONo;  2.  Fbofxssob  Rahbat. 

1.  Revises  were  got  from  the  printers,   D  8  Prestwich  and  D  2  Ramsay  were  given  to  Professor 
Ramsay  ftxt  reviuon  by  the  authors. 

2.  Mr.  Price  WiUiams  was  asked  to  make  further  calculations  under  the  sup^intendoioe  of 
Sir  W.  Armstrong. 

3.  The  Seeretsvy  worked  at  the  Blue  Book. 

W.  G.  Abmstbono. 


.  P.  Reporters. — Eleventh  Meeting,  Wednesday,  July  19th,  2  p.m. 
Present: — 1.  Sir  W.  Akmstrong;  2.  Professor  Ramsay. 

1.  The  calculations  not  b^ng  ready  the  members  worked  independently,  and  the  Secretary 
arranged  the  books. 

2.  Mj.  Hunt  having  been  consulted,  it  was  arranged  to  publieh  the  whole  of  the  \^rk  of  Com- 
mittee E,  snmmary,  rq)Qrt,  appendix,  circulars,  and  index,  in  a  separate  volume  to  be  numbered  III. 

W.  G.  Abvstboito. 


F,  Reporters.— Twelfth  Meeting,  Thursday  20th.  j^^j  20th. 

Fbesent: — 1.  Sib  W.  Abhstbokq;  2.  PBOFEaaoB  Raksat. 

3.  Mb.  Habbt  Lupton  was  in  attendance. 

4.  Mr.  Price  William?,  and  5.  Mr.  —  Airey  brought  calculations  in  the  form  of  dif^rams,  and  in 
other  forms  whidi:  were  considered.  They  were  requested  to  finish  this  work  and  bring  it  for  press, 
this  evening  if  p<»«ble. 

The  Committee  sat  till  nx ;  adijonmed  to  the  Athenssnm  at  seven  ;  thence  to  the  office  of  Sir  W. 
Armstrong ;  and  thence  to  the  office  of  Mr.  Price  Williams  at  eight  At  10  pjn.  the  draft  report 
was  fflgned  and  sent  to  press. 

Friday  %is^. — The  Secretary  called  on  Mr.  Price  Williams,  got  the  diagram  and  took  it  to  the 
Stationery  Office.    He  then  went  to  the  Queen's  printers. 

There  he  gave  the  necessary  directions.  He  then  called  upon  Mr.  Price  WiUiams  at  9,  Great 
Greoi^e  Street,  Westminster,  and  afterwards  prepared  the  following  circular,  which  was  sent  out 
with  the  papers  on  Saturday  the  22nd  to  all  the  members.  The  proofs  were  read  at  10  p.m.  on 
Friday.  The  letters  were  sent  to  the  addresses  last  given  by  the  Member^  and  one  was  delivered  at 
the  proper  address  on  Satnrdi^  night 

W.  G.  Abmstbono. 

Coal  Commission, 

Committee  Rchmu  G,  House  of  Lords, 
Sib,  July  19th,  1871. 

I  endoee  a  pioof  of  the  Draft  Report  of  the  Goal  Commission.  22d 
I  am  to  request  that  you  will  attend  a  general  meeting  of  the  whole  Commission  to  be  held  here  Dr^t  and 
at  noon  on  Thursday,  Joly  27,  to  connder  the  Draft  Report  Minutes 

I  am,  &c,  drcidated. 
J.  F.  Caupbbll, 

Secretary, 


L  2 
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F.Eeportera.  ^  Eeportere.— Thirteenth  Meeting,  Julj  27,  1871,  at  1 1  am. 

Pbesehx: — 1.  Sib  "VV.  Axtai stron o  ;  2,  Pbofbssob  Bamsat;  3.  Mb.  Woobhousb. 

Mr.  Harry  Lupton  attended  all  day. 

1.  The  Committee  met  before  the  general  meeting,  and  conridered  sundry  paragraphs  and 
alterations  which  they  wisli  to  be  considered  by  the  Commission, 

1.  A  revise  of  page  16  ;  printed  for  Sir  W.  Armstrong.    (Conelderedf  J.  F.  C.) 

2.  A  paragraph  as  to  coiU  at  depths  ezceedinff  4,000  fset,  prepared  by  Professor  Bamsi^ 

and  the  Chiurman  for  page  17.  (Inserted.) 

3.  A  paragraph  to  revise  the  allnaon  to  his  report,  page  12,  prepared  by  Mr.  FireBtmdL 

(Inserted,  J.  F.  C.) 

4.  A  suggestion  made  to  the  Secretary  by  Mr.  Vivian  as  to  further  methods  of  dividing 

the  sum  of  coal.   (This  was  iDBertea  by  Mr.  Vivian  himself.) 

J.  F.  Campbell. 


Total  attendances  of  members  at  General  Meetings,  and  at  Meetings  of  seven  Committees',  A, 


C,  D,  E,  F,  and  Maps,  up  to  July  27th,  1871:— 

1.  John  Geddee,  Esq.,  Mining  Engineer,  9,  Melville  Crescent,  Edinburgh,  N.B.  -  -  65 

2.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester          -       -  -  64 

3.  Sir  \V.  G.  Armstrong,  C.B.,  Newcastle-on-Tyne,  A,  and  F,  Reporter,  and  Chairman  -  62' 

4.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-la-Zouche,  F,  Reporter        -          -  -  67* 

5.  Andrew  Crombie  Ramsay,  Esq.,  28,  Jermyn  Street,  F,  Reporter,  and  D  2      -  -  39* 

6.  Sir  Roderick  I.  Murchison,  Bart.,  &c.,  &c,  16,  Beigrave  Square  (D,  E,  Churman)  -  34 

7.  Henry  Hussey  Vivian,  Esq.,  MP.,  Park  Wem,  Swansea        -          -          -  -  33 

8.  George  Thomas  Clark,  Esq.,  Dowlais  House,  Merthyr  Tydvil         -          -  -  27 

9.  Thomas  Emereon  Forster,  Esq.,  7,  Ellison  Place,  Newcastle-on-Tyne        -       -  -  27 
IC.  Robert  Hunt,  Esq.,  F.K.S.,  28,  Jermyn  Street.  B,  Chairman,  Reporter  £.     -  -  27 

11.  George  Elliot,  Esq.,  M.P.,  23,  Groat  George  Street,  Westminster  -         -  -  26 

12.  Joseph  Frestwich,  Esq.,  Shoreham,  near  Seven  Oaks  (Reporter  D  3)  -  -  '26 

13.  John  Hartley,  Esq.,  Tong  Castle,  Shifnal          -         -          -         -          -  .  17 

14.  Joseph  Beete  Jukea,  Esq.,  51,  Stephen's  Green,  Dublin,  E.  (deceased)          -  -  13 

15.  John  Percy,  Esq.,  M.D.,  28,  Jermvn  Street          .          .           .           .  .  n 

16.  His  tjraoe  The  Duke  of  Argyll,  Cbairman,  Argyll  Lodge,  Kensington  -  -  6 
17»  J.  F.  Campbell,  Secretary,  Niddry  Lodge,  Kensington       -         -   All  Meetings  •  92* 
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92d  Meeting 
July27,1871. 


Printed 
papers. 


FresexTt  : 

1.  The  Duke  of  Aegtll  in  the  Chair ;  2.  Mr.  Vivian  ;  3.  Sib  W.  Abmstboko  ;  4.  Froeessob 
Rahsat;  5.  Mb.  Woodhoube;  6.  Mb.  Hunt;  7.  Mb.  Pbestwioh;  8.  Mb.  Diokinsok; 
9.  Mr.  Geddes.  The  fbllowing  Members  wrote: — 10.  Mb.  Fobsteb;  11.  Mb.  Hartlet. 
The  following  did  not  attend     12.  Mb.  Cx<abk;  13.  Db.  Pebot;  14.  Mb.  Ei^liot;  16.  SiB 

Roderick  Murchison,  who  is  unwell. 

(1.)  The  Minutes  of  last  meeting,  February  7,  p.  68,  general  business,  were  read  and  signed. 

(2.)  The  Secretary  reported  that  he  had  sent  printed  circulars  to  the  Members  to  show  tbe 
progress  of  their  business  from  time  to  time.  From  tbe  number  of  reports  which  had  to  be  com^ 
pleted,  printed,  and  revised,  time  was  occupied  in  correspondence  with  the  authors,  &c.  A  corre* 
spondence  was  also  carried  on  with  the  Home  Office  and  Treasury,  in  consequence  of  the  stoppsge 
<Mf  funds;  delays  in  granting  sanction  to  publish  maps;  and  other  matters.  The  eoirespondeoce 
was  lud  on  the  t^ble. 

(3.)  The  Secretary  produced  the  printed  papers  of  the  Commission  arranged  in  three  Tolumes, 
two  sets,  and  stated  that  unless  these  were  laid  upon  the  table  in  both  Houses  of  Parliament  before 
the  end  of  tbe  session,  they  would  not  be  drculated  till  next  sesdon.  In  order  to  prevent  dday  he 
suggested,  that  these  two  sets  should  now  at  once  be  sent  to  the  Secretary  of  State  for  the  Home 
Department  for  formal  presentation.  The  books  are  not  quite  ready  for  printing  off,  but  subject 
to  corrections,  and  to  the  approval  of  tlus  Meeting,  they  are  suffimently  advanced  for  this  purpose 
It  is  customary  so  to  present  Blue  Books  even  as  "  dummies."   These  are  nearly  done. 

The  Meeting  antbin^zed  the  Secretary  to  proceed  wil^  the  publication  of  thdr  printed  pspen; 
and  they  desired  him  to  send  two  sets  to  the  Home  Office  without  delay  for  £>routl  presentation  to 
Her  Majesty  and  to  both  Houses  of  Parliament. 

They  were  sent  with  the  following  letters- 
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Snt,  ,  July  27,  1871. 

I HAYE  the  honor  to  forward  two  copes  of  the  printed  papers  of  the  Coal  Commisnon, 

Subject  to  corrections  these  are  ready  for  printing  off. 

The  general  report  founded  upon  these  printed  papers  was  agreed  to  this  daj.  Proofs  will  be 
sent  as  soon  as  the  corrected  draft  has  been  revised. 

I  am,  &o.f 

To  the  Secretaxy  of  State  for  the  J.  F.  Campbvll. 

Home  Department. 


92d  Meeting 
Report  sent 

to  Home 
Office. 


4.  With  reference  to  the  publication  of  Bine  Books,  Maps,  &&,  a  letter  of  July  9,  1869,  page  D  90. 
Vol.  II.,  was  read. 

The  Secretary  was  directed  to  ask  for  17  copies  for  th^  use  of  the  Commisnon,  and  for  tiie  further 
oojnes  of  which  a  list  is  subjoined. 

5.  FtnaTice. — The  MemberB  present  were  requested  to  prepare  statements  of  their  clums  on  Govern-  Finance, 
meiit  at  their  earliest  convenience,  and  to  send  them  to  the  Secretary  to  be  sent  to  the  Home  Office 

for  the  Treasury.  After  the  Report  is  presented,  there  will  be  no  Secretary ;  and  Members  wiU  have 
to  correspond  with  the  public  offices  themselves  if  they  have  any  commnnications  to  make. 

6.  The  reportera  produced  the  Minutes  of  Committee  F.,  page  70  to  75,  general  business,  as 
droulated  July  22d. 

7.  They,  who  were  appointed  March  16th,  1870,  produced  their  draft  Beport,  signed  at  the  12th  DraftBeport 
meeting,  Thursday,  July  20th,  1871,  and  circulated  July  22d,  for  consideration  on  the  27th,  at  this 

tSenenil  Meeting. 

ASOTLL. 


The  Commission  having  demded  about  thdr  appendices,  proceeded  to  consider  the  draft  Beport 

8.  Mr.  Vivian  said  that  he  agreed  with  the  general  purport  of  the  Beport,  and  that  he  did  not  Mr.  Yirian's 
wish  to  alter  the  wording  of  it,  but  he  mentioned  some  points  on  which  he  wished  to  make  some  paragraph, 
additions  and  alterations.    He  proposed  a  paragraph  to  follow  the  word  "  durettion "  at  page  12. 
This  was  put  to  the  meetiz^,  was  altered,  and  (»dered  to  be  inserted.   It  was  placed  in  the  press 
copy  by  the  Secretary. 

2.  After  a  long  conversation,  a  further  paragraph  was  drafted  by  the  Chairman,  and  was  placed  at  Chidrmon's 
page  16,  after  the  words  "  360  years."  paragraph. 

10.  A  paragraph  about  quantities  below  4,000  feet,  prepared  by  Sir  W.  Armstrong  and  Professor  Deep  coals. 
Bamsay,  was  read  and  was  ordered  to  be  placed. 

11.  Mr.  Frestwich  moved  the  paragraph  which  he  sent  to  the  reporters,  which  was  adopted.  Mr.  Frest- 

12.  Mr.  Hunt  moved  an  alteration  as  to  tempmture  at  the  Clifferel  Mines,  which  was  ^reed  to ; 
and  further  alterations»  wluoh  were  also  agreed  to. 

13.  It  was  proposed  to  alter  Paragraph  on  page  17,  &om  which  some  words  were  stru<&  out. 

14.  The  Oommisuoi  dedided  to  pass  the  Beport,  subject  to  these  and  some  minor  alteratitms.  They 
ogned  these  minutes,  and  the  Ohurman  left  the  Chair.  passed. 

1.  ABaXLL. 

2.  H.  HusssY  Vivian. 

3.  W.  G.  Abmbtbono. 

4.  Andbew  C.  Bamoat. 

5.  John  Thos.  Woodhousb. 

6.  BoBBBT  Hunt. 

7.  Jo.  Pbestwich. 

8.  Joseph  Dickinson. 

9.  JohnGeddbs. 

J.  F.  Campbell, 

Secretary. 
July  27,  1871,  2.30  p.m. 

15.  After  the  meeting  had  thus  decided  about  their  General  Beport,  Mr.  Vivian  took  the  Chair. 

16.  It  was  moved  by  Sir  William  Armstrong,  seconded  by  Mr.  I^twich,  That  in  the  opinion  of 
this  Commission  the  maps  and  all  ori^nal  documents  and  papers  reUting  to  the  Coal  Commission 
should  be  deposited  in  the  Mining  Becord  Office,  in  order  that  they  may  be  carefully  preserved,  and 
at  the  same  tmie  be  accessible  to  the  public,  and  that  an  intimation  of  this  recommendation  be 
forwarded  to  the  Secretary  <^  State  for  the  Home  Department 

H.  HussET  Vivian. 

17.  In  addition  to  17  copies  the  foUomng  copies'  of  the  reports,  &c  and  evidence  were  ftppHed 
for  by  the  following  Members,  the  Secretary  to  communicate  the  wish  of  the  Members  to  the  Home 
Office  according  to  this  Minute,  for  distribution  among  persons  who  have  asusted  them  in  their 
investogatioa:^— 

L  3 
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Sir  W,  Armstioiig      -         -         -    10  oopies. 

flO  copies. 

Andw.     Kamsay         -  -       -  -^^q  separate  copies  of  Mr.  Ramsay*8  Report 

(  5  copies  of  the  General  Report. 
-r     -n    .  .  y  3  25  copies  (separate)  of  Mr.  P.'s  report  on  Somerset 

Jno.  ITeslwich         .  -       -  "J  50  copies  (separate)  of  Mr.  P.'s  report  on  the  South  of 

\  England. 

Joseph  Dickinson       -       -       -       -    20  copies,  the  number  usually  allowed  hy  the  Sdentifio 

and  Mining  Societies  in  Lancashire. 

John  Greddes      -      -         -         -    10  copies  of  Genenl  Beport,  and  eame  number  of  the 

Evidence. 

Robert  Hunt         -         -  20  copes. 

John  Thomas  Woodhouse  -  -  5  copies. 
H.  Hussey  Vivian      -         -         -    10  copiee. 

H.  HuBSET  YiviAir. 

18.  The  Coal  Commissioners  further  apply  for  fifty  copies  of  ihdr  HeportB  and  Evidence,  to  be  aeok 
to  the  principal  foreign  learned  sooietiea. 

H.  HUS8BT  VmAN. 


July  28. — F.  Reporters,  Fourteenth  and  final  extra  Meeting. 

FxtESElTT: — 1.  Sir  Vf.  AbhstbOnq  in  the  Chur;  2.  FaoFEBSOR  Rahbat;  3.  Mb.  WoODBODSk. 

1.  The  alterations  and  correotions,  agreed  upon  yesterday,  were  sent  to  press  about  half-past  nx 
by  the  Committee,  with  a  request  that  rerised  proo&  de  ready  at  10.30  a.m.  Mr.  Price  Williams 
was  asked  to  make  certun  further  calculations.    At  10.30  a.m.  on  the  28th  Mr.  Price  WilUams 

attended  with  the  calculations.    Mr.  Harry  Lupton  was  in  attendance. 

2.  The  proofs  were  carefully  read,  and  a  few  minor  corrections  were  made. 

3.  The  Members  present  passed  the  Report,  and  deured  tiie  Secretary  to  present  it  to  the  Chairman 
for  presentation  at  the  Home  Office. 

4.  The  Secretary  was  desired  to  write  to  the  Members  who  did  not  attend  on  the  27th,  and  to 
ask  them  to  sign  the  copy  of  the  Report  revised  on  the  28th  for  press,  or  to  send  authority  to  add 
their  names.  A  revised  and  signed  copy  to  be  sent  to  each  Member  oi  the  Commission  as  soon  as 
the  Chairman  has  finally  presented  two  at  the  Home  Office. 

W.  G.  AEMBTBONa 

Ain>RKw  Rahsat. 
John  Thos.  "Woodhouse. 

J.  F.  Campbell,  Secretary. 

Jul^  29.    The  Secretary  wrote  as  requested,  and  had  answers  from  Mr.  Porster  and  Mr.  Hartley 

authorizing  lum  to  add  their  names  to  the  report.  Sir  Roderick  Mnrchison  wrote  a  letter  which  was 
forwarded  to  the  Duke  of  Argyll.  The  wishes  of  the  members  were  communicate'd  to  the  Home 
Office.  Bills  from  Mr.  Vivian  and  Mr.  Geddes  were  sent  there.  Mr.  Price  T^^Uiams's  bUl  was  sent 
to  Sir  W.  Armstrong. 

In  order  to  avoid  delay  in  tjie  pnblicataon  of  these  books,  the  Secretary  keeps  no  further  printed 
records  of  his  proceedings.  It  ia  understood  that  this  Meeting  on  the  28th  is  final  The  lemaining 
work  will  be  finished  as  fast  as  possible,  and  the  books  will  be  published  as  soon  as  the  Queen's 
Printers  can  accomplish  the  work,  under  Stationery  Office  orders. 

It  will  take  some  time  to  get  the  Maps  ready  for  publication,  but  that  part  of  the  W(ffk  and  die 
publication  of  Vol  III.  do  not  need  the  superintendence  of 

J.  F.  Campbell, 

July  28,  1871. 
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Sbcbbtast'b  Fikal  Bepobt. 

Committee  Boom     House  of  Lords, 
August  1, 1871. 

Mt  Loud  Duke, 

I  hare  this  day  forwarded  three  revised  proofs  of  the  Beport  of  the  Coal  Commisfflon,  as  passed  Report 
July  27th  and  finally  revised  on  the  29th,  to  the  Secretary  of  State  for  the  Home  Department,  for  presented, 
presentation  to  the  Queen,  and  to  both  Houses  of  Parliament 

I  have  aXso  sent  a  proof  to  each  member  of  the  Commission  with  a  printed  copy  of  this  letter.    The  Circulated. 
Beport  will  be  placed  in  VoL  I. 

With  reference  to  my  ovm  work,  I  have  to  state  that  vol.  I.  contains  a  table  of  contents  and  23  reports,  -^i^^  Books 
Vol.  II.  contains  eight  sets  of  minutes  of  93  general  and  committee  meetings,  which  I  have  attended  gent  for 
as  secretary,  together  with  correspondence,  evidence,  and  index  complete.    These  two  volumes  have  press, 
been  arranged,  edited,  and  finally  revised  by  me,  and  were  sent  to  the  Queen's  Printers  for  press  on 
the  Slst  and  this  day,  wi&  a  copy  of  this  report  printed  on  the  last  pages  of  **  Greneral  Business." 

The  third  volume  oontuns  the  report,  evidence,  appendices,  an'd  index  of  Committee  K,  almost  Vol.  HI. 
entirely  prepared  and  edited  by  Mr.  Hunt  and  his  assistants.    The  whole  was  in  type,  and  the  index  OommitteeE. 
was  in  t^e  printer^  hands  on  the  29th  of  July,  as  I  was  then  informed  by  Mr.  Hunt 

The  larger  maps  and  sections  for  which  spedal  sanction  was  asked  and  given  on  estimates ;  and  Maps, 
others,  of  smaller  size,  which  were  ordered  under  our  general  authority  to  print,  were  all  ready  for 
printing  oif ;  or  completed,  and  in  the  hands  of  Mr.  Stanford,  and  the  lithographers  employed  by  the 
Stationery  Office ;  also  before  the  29th.    The  whole  work,  vols.  I.,  II.,  III.,  and  maps,  wiU  be  ready 
in  about  a  month,  as  I  am  informed,  if  the  necessary  formal  official  orders  are  given  at  owe. 

On  tiie  Slst  a  gentleman  from  the  Queen's  Printers  called  at  the  Home  Office  at  my  request,  to 
hasten  this  part  of  the  bnranesa. 

Beferring  to  minute  16,  p.  77,  which  was  sent  to  the  Home  065ce  on  the  29th,  I  have  to  state  that  Documents 
the  documents  in  question  were  taken  to  the  Geological  Museum  in  Jermyn  Street  on  the  Slst,  for  and  manu- 
safe  custody  pending  the  official  reply  to  the  question  asked  on  the  29th  of  July.  saipts. 

Beferring  to  minute  17,  p.  77,  I  have  to  state  that  several  members  of  the  Commission  have  pjimmee 
■ent  in  dauns,  tome  far  aecoutUs  rendered  long  ago.    These  and  all  other  bills  sent  to  me  I  have  Qommis- 
forwarded  to  tiie  Home  Office  regularly,  but  I  had  no  means  of  knowing  what  was  done  afterwards,  gion^rs. 
except  as  occasionally  informed.    The  claimants  and  the  Government  offices  must  now  correspond 
directiy.    I  never  was  responuble  for  this  expenditure,  (p.  43,)  and  all  secretaries  to  commisuons 
were  relieved  of  the  duty  of  keeping  these  accounts  by  a  Treasury  minute  printed  on  p.  42,  voL  IL 
l^e  names  of  the  members,  their  adfflresses,  and  a  note  of  their  attendances,  will  be  found  on  page  76, 
vol.  II.,  to  which  I  now  b^  to  refer. 

I  do  not  know  what  the  total  expense  of  the  Commission  has  been,  because  I  do  not  know  what 
branches  of  public  expenditure  are  to  be  reckoned  as  our  expenditure.  My  original  rough  estimate 
was  20,000/.,  and  I  b^eve  that  the  amount  has  not  been  exceeded.  The  detaHed  estimates  of  the 
ComndssionerB  are  printed  under  *'  General  Businees/'  p.  12,  voL  II.,  and  the  Treasury  have  their 
aoooonts  of  expenditure. 

I  sent  my  own  account,  and  a  cheque  for  my  balance,  to  the  Home  Office  this  day.  My  expw-  Office 
dittire  for  more  than  five  years,  commencing  July  1,  1866,  has  been  a  little  more  than  40/.  My  flnanoe. 
estimate  January  16,  1867,  was  480/.,  (see  page  19,  vol.  II.)  This  sum  of  about  40/.  covers 
all  the  usual  chaises  for  messengers,  clerks,  and  office  work  generally,  except  my  own  salary, 
wfaidi  was  fixed  at  400/.  a  year,  Mtd  formally  asmgned  to  me  by  the  Tr»sury  in  1866.  Nevertheless 
my  salary  was  stopped  in  January  1871,  on  the  grounds  stated.  These  are,  that  I  sent  the  printed 
information,  which  now  appears  under  G^eral  Business,"  in  vol.  II.,  p.  69,  &c.,  instead  of  answering 
"  satisfactorily  "  in  writing  a  periodically  recurring  question  as  to  the  total  cost  of  the  Commission 
from  its  commencement  to  its  termination,  and  the  date  of  its  final  report  I  referred  some  of  these 
letten  to  yon,  and  yon  wrote  officially  tiiat  I  had  no  means  of  answering  the  questions*  which  is 
the  obvious  fact.  I  have  not  been  paid,  and,  according  to  the  last  offidal  letter  to  you,  I  am  not  to  be 
paid  till  "  /  send  a  more  satisfactory  anstoer  "  to  these  letters. 

The  publication  of  vols  I.,  II.,  III.,  and  of  the  maps  now  rests  with  tiie  Govemmrat  offices,  PuUication* 
Parliament,  and  the  printers. 

I  am  not  aware  that  I  can  now  further  hasten  the  work  entrusted  to  me  by  the  ConmiissEon  on 
the  11th  July  1866,  which  was  completed  this  day  to  the  best  of  my  alulity.  I  beg  to  refer  to  these 
Tolnnwe  for  the  work  done,  and, 

I  have  the  honour  to  be. 

Your  obedient  Servant, 

J.  F.  CahpbeUi, 

To  hia  Graee  Secretary. 
The  Duke  of  Axgyll  (Cfaurman). 
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PROCEEDINGS  OF  THE  COMMITTEE 

A. 

Committee  on  possible  DeptJis  of  Working.    {With  power  to  take  Evidence.) 

1.  Sir  "W.  G.  Arksteong,  C.B.,  8,  Great  George  Street,  Westminster,  and  Newcasfcle-on-Tyne.   Names  of 

2.  Thomas  Emerson  Forster,  Esq.,  7,  EUison  Place,  Newcaatie-on-Tyne.  memben. 

3.  Joseph  Bickikson,  Esq.,  Inspector  of  Mines,  Pendleton,  Maneheater. 

4.  John  Thomas  Woodhouse,  Esq.,  Asbbj-de-la-Zonche- 

5.  Gbobob  Eluot,  Esq.,  23,  Great  George  Street,  Westminster  {Novmher  8). 

fvrti  Mtetmg  held  Second  Tuesday  in  September'  (11^),  ai  10  A.H.,  at  CommiMee  Room  0.,  Ho%l8$  Minutes 

Pbesent,  all  the  Members  of  the  Committee.  Also, 
5.  Mb.  Euiot;  6.  Hb.  Geddes;  7.  Ma  Hmrr;  8.  Mb.  Jukes. 

The  Committee  cotisiderod  points  for  inveatigafion,  and  dgreed  upon  tiie  following 

Heads  of  Inquibt: — 

1st.  What  is  the  ratio  of  the  increase  of  the  temperature  of  the  earth's  crust  as  yon  descend  ;  Heads  of 
bairing  reference,  in  each  case,  both  to  the  surface  level  and  to  the  sea  level  ?  inquiry. 

2d.  Having  ascertained  this  ratio,  how  would  tiiat  increase  affect  the  temperature  of  the  air  in 
the  mines  and  woAings? 

3d.  What  would  1^  the  effect  of  the  increase  of  the  air  temperature  upon  the  health  and 
endurance  of  Uie  miners,  and  on  the  cost  of  (nmlucing  the  coal  ? 

4th.  What  is  the  cost  of  sinking,  with  its  incidents  ? 

5th.  What  is  the  cost  of  winding  1 

6th.  Whether  there  be  a  limit  to  the  depth  from  which  coal  can  be  drawn  by  medianical  means  2 
7th.  What  would  be  the  practical  limits  of  lateral  working  ? 

8tb.  What  would  be  the  influence  of  great  depth  and  great  lateral  extenmon  of  working  upon 
ventilation  ;  and  what  arrangements  would  be  practicable  to  meet  any  increase  of  difficulty  which 
might  exist ;  and  whether  the  system  of  ventilation  by  fhmaoe  or  by  mechanical  appliances  would 
be  preferable  ? 


9th.  It  was  agreed  that  each  member  of  the  Commission  may  draw  up  such  a  series  of  questions 
as  he  thinks  should  be  put  to  witnesses,  the  whole  to  be  settled  by  the  next  graeral  meeting  of  the 
Committees.  Each  member  to  suggest  the  names  of  persona  most  competent  to  give  bVidenoe  on 
the  points  raised  in  the  queetionsL 

10th.  The  Seeretflxy  was  directed  to  have  these  minates  printed,  and  to  forward  a  copy  to  each 
member  of  the  Commission. 

llih.  The  next  Meeting  of  ikia  CommHtee  ^A.)  to  be  held  on  the  Second  Tuesday  in  October  {the 
9ft),  at  the  aaiM  hour. 

(Signed)      W.  G.  Abhstbono, 

Chainnan. 


A,— 2d  Meei%7ig,  October  9,  1866. 
Pbesent,  all  the  Members  (except  Mr.  Forster).  Also, 

4.  Mb.  Gbddeb. 

5.  Mb.  Clark. 

6.  Mr.  Hartley.  , 

1 .  With  reference  to  the  9tfa  Resolution,  and  the  Heads  of  Inquiry  agreed  to  Sept.  1 0th,  Circular  A  i . 
sets  of  Questions  prepared  by  the  Members  were  considered,  and  the  following  set  {see 
Grcuhr  A,  1)  was  agreed  to. 

2.  Wednesday^  November  7th,  at  10  a.m.,  toae  JLxed  for  the  next  Meeting  of  Conu 

mitteeA, 


It  VHU  decided  that  revised  copies  of  these  proceedings  be  printed  a/nd  circulated  amongst  tlte 
■Memhers,  and  that  further  proceedings  relating  to  th&m,  be  determined  onat^e  next  meeting  of 
iJommitUe  A,  wfttcft  is  fixed  for  Wed/nesda/y^  Novemher  lih,  at  10  a.m. 

(Signed)      W.  O.  Abhstbono, 

ChaarnuuL 
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Also  all  the  Members  of  Committee  D. 

1.  It  was  dedded  that  the  list  of  qtiestioiis  be  iasoed  to  witnesses  on  or  about  the  Ist  of  Febroary 
1867. 

%  Thai  the  rmt  Meeting  of  C<mmiUee  A,  be  kdd  <m  Tuedday,  Jcmuary  Sth,  1867,  at  10  am, 

(Signed)      J.  T.  Woodhouse. 


A«— Meeti/ng,  10  ajl,  Jaamaary  S,  1867. 

Hie  following  Members  wrote  to  say  that  they  could  not  attend: 

1.  Snt  W.  G.  Aembtrong,  Newcastle-on-Tyne,  7th  January. 

2.  Joseph  DiCKmsoir,  Esq.,  King's  Head,  Bamsley,  7th  January. 

PRESENT; 

1.  Mb.  WooDHonsB  (in  the  Chair) ;  2.  Ma  Geddss. 

1.  The  Members  present  su^ested  finr  the  oonraderation  of  their  oaUeftgnes^'aad  for  the  General 
Meeting  to  be  held  on  the  9th,  whether  it  would  not  be  advisable  to  add  certain  questions  to  those 
above,  numbered  from  1  to  79,  having  special  referfflioe  to  the  late  heavy  ex{dosioiis  in  ooUieries. 

2.  It  was  decided  by  the  Oeneral  Meetmg,  that  the  tiext  Meeting  of  this  Committee  A.  be  held  on 
Tuesday  f  Februa/ry  12,  at  10  am. 

(Signed)      JOHN  THOMAS  Woodhousk. 


A. — 51h  Meetvng,  Noon,  Februwry  12, 1867. 

PRESENT: 

1.  Sib  W.  Armstrong  in  the  Chair;  2.  Mb.  Woodhouse  ;  3.  Mr.  Dickinson  ;  4.  Mb.  Fobsteb. 

1.  The  estimates  were  considered,  and  tiie  following  was  adopted : — 

Travelling  and  personal  expenses  of  the  membOTs  of  this  Committee,  independent 

of  sums  estimated  under  other  sections  .....  c^SOO 

Brobable  expenses  of  the  investigation  ....  .  500 

Sum  ....  800 

W.  G.  Abmstbong, 

Chairman. 

Cireolar  Al.  2.  The  questions  made  into  Cironlar  A  1  were  reconsidered  with  reference  to  the  minute  of 
sent  oat       last  meeting ;  with  some  corrections,  this  Circular  A  1.  was  approved.    The  Secretary  was  directed 

to  have  600  copi»  printed,  and  to  send  them  to  the  witnesses  with  his  signature  written  on  the 

first  page;  25  c(^ies  to  be  sent  to  each  member  of  the  Commissifm. 

Felyrua/ry  16.    500  copies  ordered.    See  Circular  A  1. 

Febntary  23.  25  copies  of  C^/rmUm'  A  1  vme  sfftA  to  each  Member  of  the  GoTtmiaaion.  See 
page  21  of  the  General  MvMUea. 

F^braairy  25.  99  copies  of  {he  eame  cmiidwii'  were  aemt  to  pereona  rumed  ontheUst  fumM/ed  to 
<fta  Beertkwy  by  ike  €bmmission«ra. 

W.  G^  ABHBTBONa 


A^'-e^^  Meelmjg,  Hkesday,  April  28, 1868. 
MbhbBbs  m«ENT: 

1.  Sir  W.  0.  AfiliSTBONa  in  the  Chair ;  3.  DuKE  op  Abotll  ;  8.  Mb.  Fobsteb  ; 
4.  Mb.  Dickinson  ;  5.  Mr.  WoodhoCSB;  6.  Mb.  Hunt;  7.  Me.  Geddes. 

Mvmte  1.  The  Minutes  of  last  Meeting,  which  were  sent  round  Haroh  9,  were  read  and  approved; 
as  was  the  plan  on  whicb  th^  are  nofw  printed.  The  Seeretaty  was  directed  to  proceed  as  in  the 
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Mi/mU  2.  The  Oonmutbee  considered  the  proposal  of  Mr.  Woodhouse  aa  to  meeting,  and  decided 
that  1^  day  of  the  vedk  on  whidi  this  Committee  EihaU  meet  shall  be  Wednesday  at  noon.  Hie 
next  meeting  to  be  held  at  Committee  Boom  G,  May  20th. 

MvmU  3.  The  Secretazy  reported  that  only  one  answer  to  Cizcalai  A  1  had  been  reeeiTed 
by  him. 

Mimste  4.  The  Committee  conudered  the  names  of  persons  to  be  esamined  as  witnesses,  and  the 
following  were  selected,  with  power  to  add  to  their  number.  The  Secretary  was  directed  to  invito 
these  gentlemen  to  give  evidence  at  ihe  next  meetii^,  and  to  arntnge  with  them  to  the  best  of  his 
al^ty,  80  as  to  secure  tiie  attendance  of  witoesses  on  the  20th  of  May. 

1  Dr.  William  Fairbaim,  C.E.,  F.B.S,  Manchester,  will  ^ve  evidence,  but  cannot 
attend. 

2.  G.  B.  Porstor,  Esq.,  Backworth  House,  Newcastle-upon-Tyne,  wiU  give  evidence, 

but  cannot  attond. 

3.  John  ELUowles,  Esq.,  Westwood,  Pendlebury,  Manchester,  xo^viously  examined. 

4.  Biohaxd  Heckks,  Esq.,  Monk  Weannouth  Colliery,  Sunderland,  has  giv^  replies  in 

writing. 

5.  Edward  Hull,  Esq.,  3,  Hamilton        Place,  Glasgow,  will  attend.  Fresent. 

6.  Robert  Were  Fox,  Esq.,  F.R.S.,  Falmouth,  has  given  replies  in  writing. 

7.  William  Jory  Henwood,  Esq.,  F.R.S.,  Penzance,  has  given  replies  in  writing. 

8.  Professor  PhilUps,  Oxford,  has  not  answered  the  letter. 

9.  Arnold  Lupton,  Esq.,  Chesterfield,  will  attend.  Fresent 

10.  John  Brown,  Esc^  Bamaley,  will  attend.  Freseni 

11.  The  Astronomer  Itoyal  will  give  evidence  on  spedal  points,  if  asked. 

The  Committee  then  took  the  evidence  of  Mr.  Hunt  and  Mr.  Knowles. 

The  shorthand  writer  was  requested  to  send  his  ms&usctipt  notes  to  the  Geological  Museum  in 
Jermyn.  Street,  and  to  the  care  of  Mr.  Dickinson,  Pendleton,  Manchester,  for  revision,  and  these 
gentlemecn  will  send  their  revised  copies  to  the  Secretary. 

May  20th.  (Signed)      W.  G.  AimsTBONa, 

Chftirman, 


A3 


BoBEBT  Hmn*,  Esq.,  F.B.S.,  a  Member  of  the  CommiBtiloD,  examined. 


1.  (ChtUmum.)  Is  the  evidence  which  yon  are 
about  to  give  us  the  result  of  personal  obserrataons  ? 
—Between  1840  and  1845  I  was  Secretary  of  the 
Boyal  Cornwall  Polytechnic  Society  at  Falmauth,  and 
then,  in  ooignncdon  with  Mr.  Bobert  Were  Fox,  I 
waa  engaged  in  maidng  expmments  on  the  electrioily 
of  mineral  rpcks,  andanafyses  of  the  waters  of  the 
deep  nanea  of  Oomwall,  and  inddentally  their  temper- 
atnres.  Since  that  time  I  have  made  but  very  few 
actual  oibBerrationa  on  temperatore  myself,  although 
I  have  from  time  to  time  secured  observations  from 
the  deep  mines  in  Cornwall  up  to  the  last  few  days, 
when  I  received  a  return  trom  the  agents  of  tiie 
Clifford  Amalgamated  Mines,  which  are  amongst  the 
deepest  and  the  hottest  mines  in  the  west  of  England. 
I  may  explain,  that  the  results  at  which  I  arrived 
confirmed  those  which  were  published  by  Mr.  Fox, 
and  that  I  completely  i^ree  with  him,  that  all  the 
observations  tend  to  ^ow  that  the  increase  of  tempe- 
rature is  in  a  diminishing  ratio, 

S.  In  that  locality  ?— In  that  locality  (Comwan). 
I  am  spmking  of  that  locality  only.  Within  the 
last  few  days  I  have  carefully  gone  over  the  whole 
of  the  results  which  were  obtained  by  "Mr.  Fox,  and 
I  find  that  tiie  mean  difiorence  of  temperature  is  as 
follows :  it  is  GO  degrees  at  59  fathoms  below  the 
surfikce,  it  is  70  d^ees  at  132  fathonu  below  the 
surface,  and  it  is  80  degrees  at  239  fathoms  below  the 
surface,  being  an  increase  of  10  degrees  at  59  fiithoms 
deep,  or  1  degree  in  35*4  feet,  10  degrees  more  at  73 
fathoms  deeper,  or  1  degree  in  43*8  feet,  and  of  10 
degrees  more  at  114  fathoms  still  deeper,  or  1  degree 
in  every  64*2  feet.  I  have  long  been  pegrsnaded  that 
witii  regard  to  Uhwo  obserrationB  temperature 
although  we  get  a  general  mean,  uptm  which  some 
relimoe  can  1^  plaMd,  yet  in  the  state  in  which  we 
find  them  at  present  tuy  are  cmparatively  of  bnt 


small  value.  I  have  taken  the  whole  of  Mr.  William 
Jory  Henwood's  observations,  which  are  certainly 
the  most  extensive  which  have  been  made  by  any 
man  ;  and  as  a  means  of  showing  the  result  I  have 
thrown  them  into  the  form  of  a  diagram  {jtrw^einff 
the  g€tme),  Dii^ram  No.  1 .  In  this  the  vertical  oolumn 
represents  the  depths  in  feet*  the  tempOTatnres  being 
arranged  in  the  hwiaontal  line.  Eadi  dot  indicates  the 
depth  at  whidt  tiie  ohservatifm  was  mad^  and  the 
temperature  noted  at  that  depth.  The  diflferent 
obeerratious  in  which  the  same  temperature  has 
been  observed  are  linked  together,  by  the  vertical 
ruled  lines,  my  purpose  being  to  show  that  at  depths 
which  vary  considerably,  the  same  degree  of  heat  has 
been  indicated  by  the  tiiermometer.  This  digram, 
therefore,  shows  that  there  have  been  interfering 
causes  in  operation,  which  vitiate  the  results 
obtained.  Of  coarse  this  only  has  reference  to  the 
Cornish  mines  of  tin  and  copper.  We  have  a  general 
rate  of  increase  of  temperature  with  the  depth, 
extffliding  to  the  greatest  depth  oheorved,  hut  the 
several  observations  show  curious  irregnlaritieB. 

3.  There  are  variations  ? — ^Tes;  therefore  you 
find  that  there  is  a  very  conraderable  amount  of  error  ? 
— ^Ih  this  paper  {producing  another  paper\  Diagram 
No.  2, 1  have  thrown  into  a  dia^ammatic  form  also, 
the  results  obtained  in  the  mines  of  Cornwall  by 
Dr.  J.  Forbes,  formerly  of  Fenzance,  the  temperature 
of  the  air  and  Uie  water  having  been  measured  by 
him.  You  will  see  the  same  general  result ;  but  the 
depths  are  more  especially  hidicated.  I  have  also 
thrown  into  a  diagram  (No.  3)  the  results  obtained 
by  Mr.  Sobert  Were  Fox  in  five  deep  mines,  which 
experiments  were  made  under  that  gentieman's  di* 
rections  with  great  care.  Hotc  {producing  amtdher 
pt^er,  Diagram  No.  4).  I  have  endeavoured  to  show 
in  the  same  way  tiie  dlfibrences  of  temperature  meap 


Jt.  Hmt,  Em. 

p.a.s. 
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Bured  between  the  air,  the  water,  and  the  rock,  at 
depths  respectively  indicated.  You  will  find  that 
this  indicates  the  same  irregalarity  ;  but  all  through 
you  will  get  a  constant  increase,  and  I  beUeve  that 
that  increase  will  be  found  in  all  cases  to  be  in  a 
diminishing  ratio. 

4.  (Mr.  SoTBter.)  Up  to  a  certain  depth  ? — ^Up  to 
the  greatest  depth  to  which  we  have  gone. 

6.  {Chairman.)  Is  Uiat  commenang  irom  the 
surface  ? — Commencing  at  50  feet  below  tlie  surfacoi 
and  taking  the  mean  temperature  of  Cornwall  at  50 

degrees. 

6.  Are  you  of  opinion  that  tiie  ratio  of  increase 
is  constant  for  a  certun  d^th,  and  that  afterwards 
it  is  diminishing  ? — ^Yes. 

7.  What  Is  the  limit  of  the  depth  at  whidi  it  is 
coiutant? — ^The  depth  of  constant  mean  averue 
temperature  has  been  taken  at  50  feet  below  t£e 
surface. 

8.  That  is  a  uniform  temperature  ? — Yes. 

9.  After  that  there  is  a  progressive  increase  of 
temperature,  if  I  understand  you,  which  for  a  certain 
distance  is  uniform,  or  tolerably  uniform  ? — Yes ;  for 
the  first  100  fathoms  it  is  fiu'rly  uniform,  being  1 
degree  in  every  50  feet,  deduced  from  all  the  observa- 
tions. 

10.  After  that  depth  you  consider  that  the 
increase  is  in  a  diminishing  ratio  ? — Yes  ;  about  one 
degree  in  every  65  feet  for  the  next  100  fathoms. 
The  greatest  temperature  which  I  have  measured, 
and  the  greatest  depth,  was  at  the  bottom  of  Tresavean 
Mine,  which  was  325  fkthoms  below  tibe  sea  level. 

11.  Will  you  state  what  was  the  temperature  at 
the  greatest  depth  ? — The  temperature  which  I 
observed  there  was  99  degrees,  and  I  should  state  that 
it  was  under  circumstances  which  perhaps  were  freer 
from  en-or  than  almost  any  with  which  I  am  ac- 
quainred.  The  bottom  part  of  the  mine  was 
excessively  dry.  I  had  a  bore  hole  put  in,  by  the 
direction  of  Captain  Jennings,  who  was  with  me  in 
miAing  this  experiment,  four  feet  in  depth  into  the 
granite  rock,  in  this  the  thermometer  was  placed, 
and  it  was  buried  up  in  the  debris,  and  was  allowed  to 
remained  there  for  three  hours  ;  when  removed  it 
indicated  a  temperatnx;^     99  d^rees. 

11  a.  Would  such  a  scale  of  increase  as  was  deduced 
from  your  previous  observations  have  agreed  with 
that  temperature  at  that  deptii  ? — ^Yes,  generally  it 
would. 

12.  At  a  depth  of  325  fathoms  ?— Yes ;  325 
fathoms  below  tlie  sea  level;  855  fathoms  from  the 
snr&ce. 

13.  {Mr.  Wbodhouse.)  Was  there  no  water  in  the 
mine  ? — Yes;  there  was  water  in  the  upper  levels. 

14.  But  where  the  experiment  was  made  was 
there  no  water  ?— No  ;  it  was  perfectly  dry,  and  the 
debris  was  perfectly  dry.  There  was  a  curious  p<^t 
in  connexion  with  tiiat  case  which  may  have  some 
bearing  on  the  temperature,  namely,  that  the  granite 
at  that  depth  was  excessively  hard,  but  when  it  was 
taken  to  the  surface,  in  the  course  <^  a  few  hours  yon 
could  crumble  it  to  pieces.  From  experiments 
which  I  made  with  this  granite,  I  found  that  this 
disintegration  was  entirely  due  to  temperature ; 
that  the  felspar,  the  quartz,  and  the  mica  cooled, 
— cooled  unequally, — and  thus  the  granite  broke  up. 
I  pLiccd  a  sample  of  this  stone  in  my  kitehen  oven,  in 
order  to  bring  it  up  to  the  original  temperature ;  the 
result  was  it  became  as  hard  as  at  first.  This  would 
indicate  that  that  was  the  normal  temperature  at 
that  depth. 

15.  {Chairman.)  To  wliat  causes  do  you  attribute 
Uiose  violent  fluctuations  which  your  diagrams  show  ? 
—I  wished  to  draw  attentitm  to  these  violent  flnc- 
tnations,  for  Uie  purpose  of  showing  the  real  value  of 
the  observations.  As  one  indication  of  the  causes,  I 
have  had  copied  from  the  plans  in  the  Mining  Record 
Office  the  levels  at  the  bottom  of  the  Clifford  AouUga- 
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mated  Mines  ;  they  are  235  fathoms  below  the  adit 
level,  the  adit  being  20  fathoms  from  the  surface. 
On  the  23d  of  this  month  {April  1863)  these  tempe- 
ratures were  observed.  At  235  fathoms  the  water 
was  202°  and  the  air  1 10°.  On  the  other  side,  upon 
the  same  level,  the  water  was  1 02°  and  the  air  96°. 
Here  (pointif^  out  the  soTne,  see  WoodcutNo.  I,  oppo- 
site co/umn),  dio  wter  was  106°  and  the  air  81°.  At 
the  224  fathoms  level  the  air  in  me  part  was  71°, 
and  on  the  other  side  the  water  was  1  iO^.  Here  at 
220  fhthoms,  or  a  little  below  the  220  fathoms  level, 
the  air  was  108°  and  the  water  123°.  At  this  point, 
still  more  eastward  in  the  mine,  at  230  fathoms,  the 
air  was  120°  and  the  water  was  124°.  Here,  n  llttlo 
ftirther  eastward,  I  suppose  cold  water  comes  in,  and 
the  air  was  110°  and  the  water  120°.  Those  are  the 
latest  observations  which  have  been  made,  and  this 
is  the  return-  which  was  sent  to  me  by  the  agent. 
This  return  has  been  made  with  a  great  deal  of  care 
by  the  order  of  a  member  of  the  committee  of  this 
mine  (E.  H.  Hawke,  Esq.),  to  whom  I  applied  for  in- 
formation. 

16.  There  are  these  differences  in  the  temperature 
as  aflected  by  water  ? — The  temperature  in  this  par- 
ticular mine  is  produced  by  hot  water  flowing  from 
the  lodo  in  very  large  quantities.  Ttiis  water  was 
analysed  by  Br.  Allan  Miller,  and  shown  to  contain 
a  very  large  quantity  of  lithinm.  Especial  attention 
was  draivn  to  this  water  by  Sii-  Charles  Lyell,  in  his 
add^ress  at  the  Bath  meeting  of  the  British  Associa- 
tion. 

17.  But  the  temperature  of  the  water  in  those 
places  could  not  be  supposed  to  be  deteimined  by  the 
temperatui-e  of  the  mine  at  that  point  ? — No.  The 
water  determines  the  tempei'ature  of  the  mine. 

18.  The  water  determines  the  temperature  of  the 
mine,  and  the  temperature  of  the  water  is  not  deter- 
mined by  the  tempeo^ure  of  the  rock  at  that  particular 
point  ?--Certoinly  not, 

19.  Then  the  temperature  of  the  watei*  is  no  in- 
dication of  the  temperature  at  that  depth,  because 
that  water  may  come  from  a  much  greater  depth  or 
from  a  less  depth  ? — have  looked  into  that  matter 
for  a  good  many  years,  and  it  is  my  impression,  and 
also  that  of  the  very  intelligent  ^ents  of  those  mines, 
that  the  water  does  not  come  from  below  but  from 
above.  I  think  that  I  have  the  means  of  showing 
you  what  will  probably  explain  the  matter  {producing 
asectioH,  fFoodcuiNb.2).  This  is  a  transverse  section 
upon  the  hot  lode ;  there  are  three  Elvan  conrses 

No.  2.  TBAiTaTERSE  Segtiox. 


AS 

Jt.Smt,  Esq., 
FJLS. 


or  porpfayritic  dikes  passing  through  the  rocks,  and 
these  form  a  junction  with  the  l^e  near  the  point 
from  which  the  hot  water  flows.  One  Elvan  course 
comes  to  the  surface,  and  is  then  about  1000  feet 
from  the  mineral  vein,  and  another  Elvau  course 
comes  to  the  surface,  and  is  seen  about  200  or  300 
feet  on  the  other  side.  I  have  had  the  transverse 
•ectiou  completed  so  as  to  show  the  actual  condition 


so  far  as  it  has  been  observed.  Three  of  those 
Elvan  dykes  come  together,  and  cut  the  lode  where 
this  hot  water  occurs.    Those  porphyry  veins  pass 

through  the  country  for  several  miles,  and  evidently   

send  down  a  large  quantity  of  the  water  in  the  ^8  April  1668. 

mine.    Some  yeare  since  a  moss  of  matter  was  sent  ■ 

to  me,  from  a  remote  part  of  these  mines,  which 

was  token  from  20  or  30  fathoms  below  the  adit,  and 

I  was  asked  what  it  was ;  an  immense  quantity  had 

been  discovered,    I  found  it  to  be  decomposed  iron 

pyrites,  and  I  have  very  little  doubt  that  the  water 

percolating  through  these  Elvan  courses  has  derived 

its  heat  from  the  chemical  action  which  had  been  and 

probably  is  now  going  on  in  that  large  deposit  of  iron 

pyi'ites. 

20.  That  would  vitiate  the  supposition  that  the 
uormal  temperature  was  due  to  the  depth  ? — Yes. 

21.  That  is  to  say,  in  this  particular  instance  ? — 
Yes.  My  friend,  Mr.  Edward  H.  Hawke,  who  is  one 
of  the  committee  of  the  United  Mines,  gives  an 
instance.  He  says,  "  the  levels  in  the  Consolidated 
Mines  "  (the  Consolidated  Mines  are  now  a  part  of 
the  Clifford  Amalgamated  Mines,  a  littie  to  the  west,) 
"  stood,  as  I  have  idways  heard  and  fully  believe,  at 
"  about  100*^  Fahreinheit,  before  the  immense  deposit 

of  copper  ore  was  token  away  ;  and  now  the  same 
"  levels  are  cold  enough  to  make  the  agent,  when 
"  underground,  wish  for  a  great  coat  in  walking 
"  through  them  ;"  showing  to  what  an  extent  the 
chemicid  action  going  on  in  those  metalliferona 
deposite,  influences  the  temperature  which  is  observed 
in  the  mines.  During  the  time  when  I  was  carrying 
out  my  experiments  on  the  electricity  of  the  lodes,  I 
found  that  the  electricity,  which  Mr.  Robert  Were 
Fox  at  one  time  thought  was  the  great  electrical 
current  circulating  round  the  earth,  was  nothii^  more 
ttian  what  was  due  to  the  chemicfJ  action  going  on 
within  the  lodes  themselves.  If  there  was  no 
cliemical  action  tiiere  was  no  manifestoiion  of  elec- 
trici^,  and  the  temperature  of  the  lode  wm  low  ;  if 
there  was  a  manifestation  of  dectricity  the  tem- 
perature of  the  lode  was  high ;  and  in  a  little  time  I 
was  quite  sure  to  detect  chemical  dccomp(»ition  going 
on  with  the  metallifei-ous  dcpoait. 

22.  You  adduce  these  cases  as  instances  to  show 
how  the  normal  increase  of  temperature  may  be  dis- 
turbed by  local  conditions  ? — ^Yes. 

23.  Apart  from  those  disturbing  causes,  can  you 
form  an  approximate  idea  of  what  is  the  actual 
increase  of  temperature  which  is  due  to  mere  depth  ? 
— I  feel  at  present  in  a  condition  of  extreme  un- 
certainly, and  in  going  into  the  matter  anew  the 
uncertunties  which  I  have  ever  felt  have  increased, 
and  I  feel  that  we  have  very  little  information  which 
can  be  regarded  as  strictly  reliable. 

24.  You  gave  us  one  fact  just  now,  namely,  a 
temperature  of  99°  at  the  greatest  depth  which  you 
spoke  of? — Yes. 

25.  Do  you  think  that  that  may  be  relied  npon  ? 
— I  cannot  see  any  interfering  cause  in  that  result. 
It  appeared  to  me  to  be  one  of  the  most  satisfactory 
cases  with  which  I  am  acquainted.  In  the  Clifford 
Amalgamated  Mines  this  hot  wafer  referred  to  comes 
from  the  north  side  of  the  copper  lode,  and  the  water 
which  flows  from  the  south  side  of  the  same  lode  is  8 
or  10  or  12°  colder  ;  evitlently  it  flows  from  a  diiiferent 
source.  Some  years  since,  when  the  King  of  Sicily 
laid  a  restrictive  duty  upon  Sicilian  sulphur,  the 
Comish  sulphur  ores  were  in  demand.  They  opened 
a  large  deposit  of  iron  pyrites  at  about  half  a  mile 
from  this  hot  lode  ;  and  the  mere  fact  of  <^ning  the 
mine  there,  and  working  away  the  iron  pyrites,  con- 
siderably reduced  the  temperature  in  the  mine.  It 
has  been  closed,  and  the  temperature  is  now  (^fun 
high. 

26.  Does  not  it  appear  to  you  that  the  temper- 
ature of  a  bore  hole  for  an  artesian  wdl  would 
afford  more  reliable  results  than  the  temperature 
observed  in  a  mine,  the  difference  being,  tiiat  the 
mine  affords  a  receptacle  for  water,  which  continually 
brings  in  a  flow  horn  other  parts,  vhile  the  bore  hole 
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X,BadtEaq.,  does  not  ?— Bxadfy  so;  and  if  the  tempentnre  vas 
earefiiUy  obserred  w  you  were  sinking  a  bore  hole, 
the  result,  I  think,  might  be  removed  from  error ; 
certainly  to  a  greater  extent  than  it  ever  can  be  in  an 
open  ccnl  mine. 

27.  I  dare  say  that  you  are  aware  that  in  the 
gjnking  of  the  artesian  well  at  Grenelle  the  temper- 
atures were  taken  by  Monsienr  Arago  I  havo  the 
resnlts  here. 

28.  {Mr.  Dickinson.)  Would  not  the  water  flow- 
ing dotrn  from  the  higher  part  of  the  bore  hole 
materially  affect  the  temperature  ?~-Th&t  is  one 
cause  of  disturbance.  I  have  no  doubt  that  if  suffi- 
cient time  was  given  to  each  observation  the  eiTor 
would  be  very  small.  I  have  also  carefully  got  out 
the  temperature  taken  in  rocks  in  deep  levels  of 
particular  mines,  from  Mr.  Robert  Were  Fox's  experi- 
ments (see  the  tables  appended  to  this  evidence),  and 
also  those  of  Mr.  William  Jory  Henwood.  I  would 
remark,  with  regard  to  Hr.  Henwood's  results,  whidi 
are  the  most  important  of  the  kind,  that  when  you 
come  carefully  to  apply  them  they  show  curious 
discrepancies,  such  as  those  to  which  I  have  already 
referred.  For  example,  I  have  taken  out  the  resnlts 
of  some  hundreds  of  observ^ons.  I  find  that  they 
give  a  mean  increase  between  150  feet  and  426  feet, 
equal  to  1-09  for  60  feet.  Then  between  486  feet 
and  792  feet  the  increase  is  1-20°  for  60  feet.  Then 
b^ween  852  feet  and  966  feet  the  increase  is  only 
*2448  for  60  feet. 

29.  Not  quite  a  quartei-  of  a  d^ee  ?— Not  quite 
a  quarter  of  a  degree.  Then  from  1026  feet  down  to 
1440  feet  the  increase  is  1-3215  for  60  feet 

30.  (CAotrmoK.)  Then  it  is  extremely  fluctuat- 
ing ? — Tes. 

3 1 .  With  respect  to  the  boring  at  Grenelle,  I  dare 
say  that  you  have  noticed  from  your  own  figures  that 
there  the  increase  is  pretty  constant  ? — have. 

32.  Will  you  state  the  increment  in  the  instance 
of  the  arteJan  wdl  ? — 1°  Fahrenheit  for  58  English 
feet.  The  well  at  Grenelle  was  1794  English  feet 
from  the  surface,  and  1675  English  ieet  below  the 
sea  leveL 

33.  What  was  the  maximum  temperature  ? — I 
have  not  that.    I  merely  took  the  increase  in  depth. 

34.  Was  not  it  82°  ?— I  believe  that  to  be  so. 

35.  However,  the  figures  will  show  that,  will  they 
not  ? — ^Yes.  I  have  die  increase  of  depth  for  one 
degree  of  centigrade. 

36.  I  think  that  we  may  assume  that  the  maxi- 
mum temperature  was  82°  at  the  depth  which  you 
mention  ? — think  so. 

37.  Will  you  mention  any  othei*  instance  ?— In 
Kew  Salzwerk  in  Westphalia^  an  artesian  well  was 
644  metres  de^,  whidi  was  neariy  100  metres 
deeper  than  the  well  at  Grenelle. 

38.  Is  that  the  same  as  Salzwerk  ? — Yes.  Hum- 
boldt gives  the  depth  as  2052  feet  below  the  sea 
level. 

39.  I  have  the  depth  as  2285  j  that  would  be 
from  tiie  surface  ? — ^Tes. 

40.  What  is  the  rate  of  increase  thei-e? — The 
otwerved  temperatures  gave  1°  Fahrenheit  for  every 
54*72  feet  of  depth. 

41.  What  was  the  highest  temperature  assigned  ? 
—I  have  not  taken  that  out 

,  42.  I  have  it  at  91°,  at  a  depth  from  the  surface 
of  2285  feet?— I  believe  it  was  so. 

43.  The  surface  is  233  feet  above  the  sea  level  ? 
— Yes.  Then  De  La  Rive  and  Marcet  give  the 
result  of  their  observations  in  an  artesian  well  at 
Geneva,  the  depth  of  the  bore  being  225  metres. 

44.  That  would  be  aboat  724  feet?— Yes.  The 
Increase  is  1°  Fahrenheit  for  about  55  feet 

45.  Have  you  another  instance?— Yes.  Men- 
dorff  in  the  Grand  Dndiy  of  Lnzembonxg ;  the  d^th 
there  is  730  metres. 


46.  That  ifl  <»ie  of  the  'deepest  of  these  wells  f — 
Yes.   The  rate  of  increase  is  1°  lUirenheit  for  every 

57  feet 

47.  What  is  the  maximum  temperature  ? — I  have 
not  got  it. 

48.  {Duke  of  Argyll.)  In  coal  mines  the  temper- 
ature is  liable  to  be  affected  by  the  degree  and 
amount  of  ventilation  as  well  as  by  other  causes? — 
Most  assuredly. 

49.  You  might  very  much  diminish  the  temper- 
ature by  bringing  in  the  air  from  above? — Tb&t 
matter  being  mentioned,  I  perhaps  may  be  allowed  to 
read  a  few  lines  from  a  letter  which  I  have  received 
from  the  gentleman  who  has  been  obtaining  for  me 
the  temperature  in  the  Clifford  Amalgamated  Mines, 
and  who  is  a  very  old  ComiBh  miner.  He  says,  I 
"  do  not  think  that  any  depth  in  the  deepest  collieries 
"  or  tin  mine,  if  the  mines  are  well  ventilated,  adds 
"  in  any  very  perceptible  degree  to  the  heat  of  the 
"  mines,  or  will  do  so  for  the  next  mile  in  perpendi- 
**  cular  sinking,  if  you  keep  the  levels  at  least  eight 
"  feet  in  height  aud  five  feet  wide,  and  commnni- 
**  cate  from  one  level  to  another  fr«quendy  by 
"  winzes,  so  as  to  keep  up  the  Tentilatiim." 

50.  You  m'ay  counteract  that  heat  ? — ^Yes.  I  may 
possibly  be  allowed  to  put  in  this  document,  which 
gives  some  of  the  more  remarkable  results  of  tem- 
perature. {The  witness  delivered  in  certain  ptqters 
tokick  are  appended  to  his  evidence.)  If  we 
return  to  .the  mines  we  have  Reich's  experiments 
in  iha  Saxony  mines,  in  which  he  gives  as  the 
general  result  V  of  Fahrenheit  for  every  76*26 
English  feet 

51.  {Mr.  Forster.)  Is  that  from  the  sea  level  ?— 
There  was  a  numerous  set  of  experiments,  and  in  all 
of  them  he  has  only  given  the  depth  from  the  surface. 
I  do  not  think  that  any  of  those  mines  are  very  deep 
below  the  sea  level.  Then  yon  have  the  experiments 
of  Professor  John  Phillips  at  Monkwearmoutli,  which 
give  r  for  59-36  feet ;  that  is  at  a  depth  of  1497  feet 
below  the  sea  level.  Then  we  have  Mr.  Hopkins's 
expfflriment  in  a  very  valuable  paper  of  his  published 
in  the  Philosophical  Transactions  of  the  Boral  So- 
ciety. He  ^ves  the  result  obtuned  at  Duk^eld  at 
1830  feet  as  1°  Fahrenheit  for  about  every  65  feet. 
But  I  have  gone  with  a  very  considerable  amount  of 
care  into  all  that  has  been  published  in  connexion 
with  the  observations  made  by  Mr.  Fairbaiin  at  the 
Duldnfield  Ck)lliery,  and  the  results  obtained,  as 
shown  in  my  table, — ^which  are  quite  open  to  correc- 
tion,—will  prove  how  very  irregular,  and  consequently 
how  uncertain,  are  the  results  which  have  been 
obtained.  , 

52.  (Ckairmm.)  Because  there  you  have  iha  same 
disturbing  causes  as  you  had  in  the  first  instance  which 

you  mentioned  ? — Yes. 

53.  But  the  mean  appears  to  be  very  nearly  the 
same  as  in  the  case  of  the  artesian  wells  ? — I  think 
that  if  we  throw  all  the  observations  which  I  have 
named,  together  we  shall  find  that  the  mean  result  is 
somethuig  like  that  which  has  been  given,  namely, 
about  1°  for  between  50  and  60  feet  as  a  rule ;  but 
still  the  results  of  all  the  observations,  or  of  nearly  all 
the  observations,  which  have  been  obtamed  at  present 
have  been  vitiated  by  air  or  water,  or  the  want  a 
knowledge  of  the  conducting  power  of  the  rocks.  It 
has  been  observed  br  Mr.  W.  J.  Henwood  that  at 
the  same  depths,  at  all  depths,  the  slate  is  about  two 
or  three  degrees  warmer  than  the  granite,  and  I  have 
confirmed  these  results.  That  seems  to  be  a  constant 
law,  and  therefore  I  have  no  doubt  that  it  would  be 
found  to  apply  in  the  sandstone  and  shale  in  the 
coal  measures. 

54.  {Duke  of  Argyll.)  It  would  be  a  curious  thing 
to  know  whether  that  rule  applies  to  all  the  igneous 
rocks.  Do  you  know  whether  there  are  any  obeerva- 
ticms  up(m  that  subject  ? — ^I  do  not 

55.  ( Chairman.)  You  observe  that  in  this  return 
of  the  temperatures  in  the  Dukinfield  mine,  although 
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there  are  considerable  irr^;ularities,  yet  there  is  no 
i^pearaace  of  a  diminishing  ratio  of  increase  of  tem- 
perature with  the  increase  of  depth  ? — It  is  very  re- 
markable that  at  the  depth  of  .924  fathoms  we  get  a 
tamperatare  of  87  degrees,  and  at  the  lowest  dept£  we 
<»ily  get  a  temperature  of  89  d^rees. 

56.  I  have  seen  a  mean  line  laid  down  to  express 
the  ftTerage  ? — ^Tes ;  Mr.  Hopkins  ia  no  doubt  effect, 
BO  ftr  as  uie  mean  is  cmcemed. 

57.  And  that  mean  docs  not  give  strength  to  your 
statement  ? — Certainly  not. 

58.  Having  these  results  in  view,  and  also  those 
obtained  at  the  artesian  wells^  and  coupling  them 
with  your  own  observations  as  to  the  increase  of 
temperature  in  Cornish  mines,  are  you  of  opinion 
tha^  as  a  general  rule,  the  increase  of  temperature 
diminidiefl  as  the  depth  increases,  or  that  it  is  nni- 
form  7 — have  certainly  a  leaning  towards  its  in- 
creasing in  a  diminishing  ratio ;  but  that  of  coarse  ia 
quite  open  to  correction.  It  appears  to  me  that  the 
observations  which  we  have  hitherto  made,  especially 
in  the  coal  mines,  have  been  been  very  insufficient 
for  our  purpose  ;  and  that,  looking  to  the  arrange- 
ment of  a  coal  mine,  and  the  necessary  conditions  to 
secure  ventilation,  all  the  observations  which  we  have 
hitherto  had  have  been  vitiated  by  those  results. 
It  would  be  a  very  interesting  thing,  which  might  be 
done  at  very  small  cost,  if  a  well-devised  series  of 
experiments  could  be  instituted,  by  a  few  selected 
members  of  the  Commission,  at  different  depths  in 
some  of  our  deep  collieries,  Buch  as,  fbr  instance,  at 
Monkweannontii,  securing,  as  &r  as  possibly  the 
thenoMnetras  from  tlie  ^uences  which  would  be 
due  to  all  the  means  used  for  veoitilation,  and  the  cir- 
culation of  hot  and  cold  air. 

59.  {Mr.  Forster.)  I  think  that  I^fessor  Airy 
tried  the  temperature  of  the  Harton  Collieiy  near  South 
Shields  ? — ^Yes ;  the  results  are  published  in  the 
Kiilosophical  l^ransadaons,  imd  are  given  in  the 
appendix  to  this  evidence. 

6(X  (CAotrmon.)  Did  he  note  the  temperatures? 
— Tes,  tliat  was  one  of  his  points. 

61.  {Mr.  Woodhouse.)  Could  not  you  put  these 
experiments  in  a  tabulated  form,  showing  the  position  of 
the  strata  through  which  the  sinkings  and  the  borings 
have  been  made  ? — ^Tes,  I  believe.  I  am  not  quite  sure 
whether  that  information  is  obtainable  as  regards  all 
of  them,  but  I  will  endeavour  to  do  it  as  far  as  possible ; 
it  would  nndoabtedly  be  Ttsy  intnesting  to  ^  it. 

62.  Showing  the  different  strata  through  which 
the  sinkings  and  borings  had  passed  ?— Yes ;  it  is 
given  in  some  cases,  but  not  in  others.  I  shall  be 
very  h^j^  to  get  all  that  information  together  for 
the  CommiBU(m,  as  &r  as  I  can,  if  they  think  it  desir- 
able. 

63.  I  make  that  suggestion  inasmuch  as  the 
real  subject  into  which  we  have  to  enquire  is  the 
tenqwratore  in  die  coal  measures  ? — I  see  the  advan- 
ti^e  of  it. 

64.  {Mr.  JDickinson.)  I  think  that  the  tables  which 
you  have  put  in  with  regard  to  Cornwall  show  that 
there  is  a  general  rate  of  increase,  but  that  the  same 
temperature  was  found  at  different  depths  ?— I  merely 
gave  that  information  for  the  purpose  of  showing 
what  reliance  we  can  place  upon  the  observations,  and 
to  show  that  they  have  been  vitiated  by  different 
causes,  such  as  chemical  action  going  on  vrithin  the 
lodes  or  rooks,  or  from  the  drcnlation  of  hot  or  cold 
water,  and  the  Bke  s  and  therefore  it  appears  to  me 
that  for  our  special  purpose  almost  all  those  returns 
of  published  observations  are  valueless,  or  nearly  so. 

65.  Can  you  say  whether  the  external  temperature 
was  taken  simultaneously  with  the  taking  of  the  temper- 
ture  below  ground  ? — I  believe  that  in  every  case  the 
external  temperature  had  been  carefully  observed  at 
the  time  whoi  the  aubterranean  tanperatnre  had  been 
taken. 

66.  Then  is  It  the  difference  between  the  external 
temperature  and  the  Internal  temperature  that  yoa 
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have  given  ? — ^It  is  the  difference  between  the  internal  ^  Anu*  Eaq.t 
tempenhtnre  and  tba  tonpezatare  of  60^  of  Fahrenheit,  FM.8. 
which  is  taken  as  the  canstant  temperature  at  a  dmth  „ 
of  50  feet  ^ 

67.  In  taking  the  temperature  in  a  mine,  yoa  are 
aware  tliat  it  would  veiy  much  vary  between  a 
summer's  day  and  a  ftwty  morning  Tes;  tkat  is 
a  different  thing  altogether.  You  will  feel  1^  in- 
fluence of  a  hot  summer's  day  in  t^e  circulation  of  the 
air  at  the  bottom  of  a  deep  mine. 

68.  {Mr.  Forster.)  And  also  of  a  very  severe 
frost.  I  have  seen  an  icicle  at  the  bottom  of  a  very 
deep  mine  ? — Yes ;  it  will  vary  m  the  same  way  ;  but 
in  the  rock  I  believe  von  will  And  no  alteration  below 
50  feet 

69.  {Mr.  DiekinsoTi.)  Yoa  have  said  that  the 
alato  is  always  warmer  than  the  granite ;  has  the 
granite  been  tried  ?— Yes.  In  the  first  instaace^ 
Mr.  W.  J.  Henwood's  experiments  went  to  show  that 
at  all  depths,  taking  the  same  depth,  the  slate  was  2° 
warmer  than  the  granite.  At  the  time  of  which  I 
have  spoken,  namely,  between  1840  and  1845, 1  made 
many  experiments,  for  I  was  then  constantly  under 
ground,  and  I  found  it  a  constant  result  that  Uie  slate 
was  2  or  3°  warmer  than  the  granite. 

70.  Have  you  tried  any  of  tJie  elvan  courses,  to 
see  how  the  temperature  is  in  them  ?— I  have  tried 
many  of  them.  I  detected  no  variatiob  in  the  elvan 
course,  and  in  the  rock  through  which  it  was  passing 
whether  granite  or  slate.  'Iliose  elvan  courses  are 
generally  thin  courses,  and  consequently  they  readily 
acquire  the  same  temperature  as  the  rock.  There 
would  oflen  be  a  great  difference  in  the  temperature 
between  the  metalliferous  lodes  and  the  rock  through 
which  th^  were  passing. 

71.  In  these  tables  is  the  tiiminiahing  ratio  found 
to  be  greater  through  the  rock,  or  the  water,  or  tto 
air  ? — With  r^ard  tothe  ur  itwoold  be  soextremety 
variable  that  yoa  could  scarcely  state ;  it  would  depend 
upon  the  circnlaticm  of  the  air; 

72.  It  would  be  according  to  tiie  ventilation  ?— 
Yes. 

73.  Are  not  some  of  the  Cornish  mines  very 
badly  ventilated  ? — ^At  the  bottom  of  Tresavean  mine, 
which  was  325  fathoms  below  the  surface,  you  could 
scarcely  keep  your  candle  lighted,  there  was  such  a 
current  of  lur.  In  all  the  Cwnidi  mines,  now,  they 
arc  widening  their  galleries  or  levels  ;  tiieir  communi- 
cation is  so  frequent,  witii  their  winzes,  from  gallery 
to  gallery,  that  their  natural  ventilation  is  extremdy 
good  ;  it  is  only  in  the  closed  ends  that  the  men  are 
suffering. 

74.  As  regards  the  rock,  how  is  it  ? — As  r^ards 
the  rock,  I  think  that  we  have  evidence  showing  that 
there  certainly  is  an  increase  of  tonperature,  and 
that  increase,  as  I  believe,  is  in  a  diminishing  ratio. 

75.  Here  is  one  instance  whidi  yoa  quote,  namely, 
that  either  frtnn  an  increased  amount  of  ventilation 
or  from  some  cause  the  miners  now  actually  wear 
their  jackets  where  before  it  was  too  warm  to  work  ? 
— Yes  ;  in  the  Consolidated  Mines. 

76.  {Chairman.)  With  reference  to  tiiat,  would 
you  not  draw  a  distinction  between  tJioae  two  cases. 
If  the  difference  of  temperature  was  owing  to  water 
flowing  in  at  a  pointy  or  to  any  cause  operating  at  a 
particular  point,  an  increase  of  the  ventilation  would 
have  a  far  greater  efibct  in  reducing  the  temperatore 
than  if  the  heat  of  the  mine  was  owing  to  the  general 
heat  of  the  whde  mass  o£  the  rocks.  It  is  quite 
clear  that  where  the  mass  producing  the  tempera- 
ture is  small  it  will  be  more  acted  upon  by  a  eurreat 
of  air  than  where  the  mass  is  large.  Therefore, 
if  the  whole  stratification  is  heated,  it  will  be  very 
much  less  under  the  influence  of  ventilation  than 
where  the  temperature  is  caused  by  hot  water  flow- 
ing in,  on  by  any  other  restrictive  cause  of  tiiat 
kind  ? — Ib:actly  so.  I  may  quote  from  this  document 
fiimished  by  Mr.  Edward  H.  Hawke  to  show  you 
what  the  result  is :  "  I  had  the  levels  on  (he  hot  lode 
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**  meawiredby  Captain  Gray  ;  they  amounted  to  9136 
"  /athoms.  The  shafts  in  the  United  Mines  amounted 
**  to  lOj  milet^  the  winzes  10  miles  600  yards  per- 
«  pendicular  depth,  the  levels  42  miles  810  ytffds, 
"  the  cross  cats  6  miles  240  yards,  making  together 
"  69^  miles."  llirough  all  that  extent  of  levels, 
until  we  come  to  those  lower  levels,  I  have  never 
found  the  temperature  to  be  h^her  thtrn  70°. 

77.  {Duke  of  Argyll.)  What  mine  is  that  ?— A 
Coppermine  ;  the  great  Consolidated  Copper  Mines  of 
Gwennap.  They  are,  as  now  amalgamated,  the  most 
extensive  copper  mines  in  England  and  perhaps  in  the 
world.  At  this  point  {see  wood  cut,  p.  A  2)  the 
temperature  is  eo  great  that  the  men  absolutely  work 
naked  ;  and  thoy  generally  have  a  boy  throwing  cold 
water  upon  them  while  they  work. 

78.  What  is  the  deptli  there  ?— 235  fathoms. 
The  men  come  out  of  that  place,  after  working  for 
about  half  an  hour,  and  plunge  into  water  at  90°  to 
cool  themselves.  But  the  result  of  that  high  tem- 
perature is  Uiat  the  ventilation  through  Davy's  shaft 
is  excessive.  The  ascensional  power  of  the  heat  is  so 
gt«at  that  all  the  upper  part  of  the  mine  is  admirably 
ventilated,  rithongh  there  is  a  great  heat  at  the  lower 
leveb. 

79.  What  is  the  formation  there  ?— Killas  or  clay 
slate. 

80.  (Mr.  Forster.)  Does  the  same  current  of  air 
begin  at  the  top  and  go  to  the  bottom  ? — Yes ;  but  in 
this  group  of  mines  they  have  some  30  to  40  shafts, 
and  you  will  find  that  a  series  of  them  are  disposed 
into  descending  and  others  into  ascending  shafts. 

81.  There  is  u  pump  in  each  of  them  ? — ^In  several 
of  them  J  and  the  pumping  machinery  has  an  influence 
in  determining  the  cii'culation  of  air. 

82.  {Duke  of  Argyll.)  Is  the  ore  yellow  sulphide 
of  copper  ? — Yes ;  ^most  entirely. 

83.  (Mr.  Forster.)  Would  it  not  be  better  to  take 
the  fresh  air  to  the  lower  level  first  ? — That  might 
involve  machinery;  whereas  here  nature  does  the 
whole  of  it  wi^ont  machinery. 

84.  {Mr.  Dickinson.)  So  far  as  this  plan  goes 
{see  wood  cut  p.  A  2)  there  is  no  means  of  venti- 
lating these  lower  levels  ? — That  indicates  only  the 
lower  part  of  the  mine.  It  begins  {pointing  to  the 
plan)  at  190  fathoms  firom  the  smface. 

85.  But  below  the  i2I2  level  there  aro  no  winzes? 
—They  are  driving  their  lev^  hoping  to  reach  a  rich 
part  of  the  lode,  and  as  they  proceed  they  are  putting 
in  winzes. 

86.  (Duke  of  Argyll.)  Is  it  now  working  well  ? 
— Yes;  and  they  are  continuing  to  pay  dividends 
regularly ;  there  has  only  been  an  interval  of  two  or 
three  months.  It  is  now  going  on  satisfactorily,  and 
the  quantity  of  ore  which  has  hem  raised  there  is 
very  large. 

87.  {Chairman.)  At  the  point  of  100  fathoms 
depth  in  the  Consolidated  Mine  waa  not  the  heat  due 
to  the  accumulation  of  copper  ore  at  that  point,  and 
not  to  the  temperature  cwresponding  with  the  depth 

■  of  the  mine  ? — It  was. 

88.  That  being  so,  would  not  the  temperature  of 
that  mass  be  very  much  more  completely  reduced  by 
the  influx  of  air  tbaa  if  the  temperature  had  been 
owing  to  the  heat  of  the  surrounding  mass  ? — Cer- 
t^nly. 

89.  Therefore  that  case  is  not  an  indication  of 
how  far  the  temperature  of  a  mine  at  a  great  depUi 
could  be  controlled  by  the  increase  of  ventilation  ? — 
It  is  not.  Would  it  be  well  to  entertain  the  question 
of  instituting  some  experiments  upon  this  point  our- 
selves after  we  have  obtained  such  results  as  we  can 
obtain.  In  going  over  the  matter,  and  remembering 
ia.y  own  experiments,  I  see  that  all  of  them  were 
liable  to  error  &om  tike  circumstances  of  ventilation 
Kod  Bpringa  of  water,  and       conductuig  power  of 


the  rocks,  which  had  not  then  been  sufficiently 
observed.  It  appears  to  me  to  be  desirable,  for  the 
purpose  of  giving  the  fullest  possible  infOTmation 
upon  this  point,  that  some  few  (they  need  not  be 
many)  well-selected  and  well-devised  experiments 
should  be  made  for  the  purpose  of  determining  what 
is  the  rate  of  increase  as  we  descend  into  our  deepest 
mines.  That  would  be  done,  as  it  appears  to  m^  in 
our  collieries,  by  simply  boring  into  tiie  rocks,  bo  as 
to  remove  the  thermometer  from  the  influence  of  hot 
or  cold  air,  and  we  should  also  have  to  determine  the 
conducting  power  of  each  stratum  through  which  we 
passed. 

90.  {Duke  of  Argyll.)  You  mean  bores  at  the 
bottom  of  the  mines  and  in  each  level  ? — ^Yes ;  they 
would  bo  only  bores  of  a  few  feet  or  yards,  at  the 
very  outside. 

91.  {Mr.  Foster.)  It  would  be  desirable  to 
ascertain  the  amount  of  air  in  the  lode  P — Yes.  It 
appears  to  me  that  the  experiments,  if  made  at  all, 
should  be  made  by  a  committee  consisting  of  practical 
miners,  and  one  or  two  of  the  scientific  members  of 
the  Committee  associated ;  and  I  believe  that  seeing 
the  results  which  we  have  before  us,  we  should  be 
enabled  to  arrive  at  somethii^  really  satisfactory.  I 
do  not  at  prsent  feel  at  all  satisfied  with  the  result 
which  we  have. 

92.  ( Chairman.)  Do  you  not  think  that,  tiding  a 
general  view  of  all  the  observations  which  have  been 
made,  there  is  an  increase  of  something  like  one 
degree  for  eveiy  60  feet  down  to  the  lowest  depth 
which  has  yet  been  reached  ? — ^Tt  certainly  does  appear 
that  there  is  an  increase  of  temperature  of  about  one 
degree  to  evei'y  50  or  60  feet ;  but  it  appeUB  to  me 
that  it  would  be  very  important  to  determine,  if  we 
possibly  could  determine,  whether  that  increase  is  in 
a  constant  ratio,  or,  as  I  believe,  in  a  diminiiihing 
ratio. 

93.  But  there  is  a  vast  number  of  iustances  in 
which  it  is  clearly  not  in  a  diminishing  ratio  ? — 
Several.  You  must  not,  I  think,  say  that  there  are  very 
many.    The  wells  certainly  appear  to  show  it. 

94.  And  the  collierieB  also? — ^We  have  not  any 
information  as  to  the  rate  of  increase  with  the  depth. 
Taking  Monkwearmontb,  we  have  only  ftof^aaor 
Phillips's   statement,  that  be  had  an  increase,  as 

indicated  -,  I  suppose  by  taking  the  temperature  at 
the  lowest  depth.  Whether  he  took  the  temperature 
at  many  depths  frota.  the  surface  downwards  or  not 
I  do  not  know.  At  Dukinfield  that  was  don^  and 
the  results  at  Dukinfield  i^pear  to  me  to  be  most 
unsatisfactory. 

95.  They  are  variable,  as  they  are  in  all  mines  ? 
— If  we  refer  to  the  Dukinfield  experiment,  we  find 
that  at  2151  feet  we  get  an  increase  of  1  degree  in 
every  89  fbet,  and  at  1287  feet  we  get  an  increase  of 
the  same  amount,  namely,  one  degree  in  every 
89  feet,  and  so  through  the  whole  series  from  1,000 
feet  down  to  2151  feet. 

96.  {Mr.  Dickenson.)  You  have  told  ns  that  you 
have  found  that  slate  is  always  warmer  than  the 
granite.  May  not  this  variation  in  the  temperature 
in  the  Dukinfield  shaft  arise  from  a  similar  cause? — 
I  believe  that  it  does  arise  from  a  similu'  cause,  and 
that  is  one  of  the  reasons  why  I  should  like  to  see 
that  question  determined. 

97.  {Duke  of  Argyll.)  You  believe  that  this 
irregular  ratio  is  due  to  local  causes  ? — I  do.  It  appears 
that  the  cost  of  making  some  very  good  observations 
would  be  so  small  that  it  is  quite  worth  our  while  to 
consider  the  question  ;  and  if  we  could  arrive  at  any 
satisfactory  result,  the  immense  value,  practically,  and 
also  for  the  purposes  of  science,  of  such  a  set  of 
observations,  would  be  apparent. 

98.  {Chairman.)  I  suppose  that  that  could  not  be 
done  with  more  care  than  that  with  which  it  was 
d<me  at  Dukinfield;  it  was  done  there  with  great 
care?-^It  ww  spread  over  a  number  of  yeara. 
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7%efoUo»iHff  ptqttn  were  handed  infy  the 
witness. 

Mr.  R.  W.  Fox,  F.R.S.,  g^vea  tiie  fblloving  u  the  resnlto 
ot  obsemtioiu  made  in  three  deep  mines  i— 

ftna.     feet.  "      *>  ft. 

Tinteng  105  =  630  Temper.  68  _  ,  ■ 

178  =  1068  „  82 

Hud  Vop.  139  =  834  „  6^  -  i  in  42 

209  =  1254  ^  79  -  *  » 

Foldiee     144  =  864  „  80  s  1  in  12. 

176  =  1056  „  99  =  1  in  21. 

Tlie  foOowing  obwrrationB  hftve  alio  been  leleoted  m 
■bowing  eome  stanUng  results. 
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TemperfttureB  taken  in  the  rocks  onljr  at  the  deep  le^'els 
in  ihe  ftdlowinv  mines,  the  results  having  been  obtained 
for  R.  W.  Fox,  Esq..  F.R.8. 
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Mr.  Robert  Were  Fox  i^res  tha  foUowing  u  the  mean 
of  his  results: — 

Temperatnie  of  60"  at  59  ftns.  below  sufue. 
r0°atl32  „ 
80at239  „ 

Being  an  increaBe  of 
10°  at  59  fras.  deep,  or  1^  in  35-4  feet. 
10°  more  at  73  fins,  deeper,  or  1°  in  43*8  fwt. 
And  of  10°  at  114  ftns.,  still  deeper,  or  P  in  64*2  feeb 
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Generalisation  of  the  Tables  of  Tempenta 
Wm.  Joiy  Henwood,  F^R.S. 
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ratoer  t«nd  to  ibtnr  an  incrwue  with  depth. 
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Observations  in  l>ukiufield  Colliery  by  Mr.  Fairbaim. 


Notwithstanding  the  irrM^ulaiity  observed  in  this  table, 
whudi  is  i»obably  owing  to  Tooal  interfering  causes, — as  the 
droolation  of  hot  or  ccdd  water  thxoiigh  tlia  rookj  or 
chemioal  changes  in  the  lodes  or  masses  ox  on  in  the  rockSf 
— it  is  seen  that  the  innrcase  is  less  rapid  in  de^  mines  than 
thoBB  near  die  soxfiue. 

Ci^>tain  Dnnstan,  the  agent  of  Huel  Vyvyan  Mine,  givea 
the  zesultB  as  observed  by  mm  in  a  shallow  mine. 

a80ft.BDdariWte^6B».  IneraanaboveW"->is°wi'>liiiaft. 
140        M  .64  »  «      -14f>  origin  17  ft. 

180  »  »  «S  m  m  -U^orl«inUft. 
no      .        »     n        y        •*  -ir^l'laMft. 

184S9.    TOL.IL  N 


Depth 
InPeet. 

Hean 
Temperature 
obabred. 

Increoae  above 
Bl".  the  line  of 
noTBriatitm. 

IncTeaaBofl" 
In  — Peet 
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to  [ 

to  f 
027J 
1074 
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SO 
S8-S 

7° 
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-  08 
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-  »-*{S 
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ino 

74-U 

18*18 

-  87-6 

vm 

76-86 

84-86 

B  84-5 

8055 

76-6 

24-5 

-  84 

1161 

76-0 

£4 

-  80-S 

It  appears  to  me  quite  impossible  to  arrive  at  any  satis- 
ftotMy  leauh  as  to  increase,  ot  the  oontraiy,  from  the 
above. 


Jfotn     ob$enatioM*  made  on  the  tmperatwet  artasUm 
mll$t  eoUimes  aiid  wtmes. 

In  our  latitude  (48"— 50")  the  staatum  of  invatiabla 
tempenttufe  is  found  at  a  depth  ot  from  59  to  60  VtmA 
feet}  fi9to64I|p^MiiMBl7e 


Digitized  by 


A  10 

18  April  1868. 


90 


ON  POSSIBLB  DB2THS  OB  WOBSIK<}. 
The  Puito  de  Gienelle.  ^^"^  (D*  1»  Rive  »d  MvoeL) 


Tiaa  sinking  ftnt  penettatM  the  older  tertianes  41*6 
metres,  afterwards  throiigh  chalk  to  a  depth  of  nearly 
600  metres,  and  finally  through  argillaceous  beds  for  the 
remaining  depth.   

Commencing  at  the  depth  of  the  osvei  «  the  Obsemr 
tory  at  Paris,  where  the  tempefature  m  conrtMit,  a&d  eqn^ 
to  117  C".  the  increase  of  temperatuw  for  the  whole  depth 
WM  St  the  rate  of  !*■  Fahr.  for  GO  feet. 


Depths. 
InmetK8Of3-280ftBt 

FromSSto  66 
„  66  to  173 

„  173  to  248 
„  248  to  298 
.„298to400 
„  400  to  505 
..  605  to  548 


Increase  <tf  depth, 
fiir  l°Cent. 

31-1 
30-6  - 
20*8 
22*8 
*62-5 
38*9 
33-0 


♦  This  mart  be  an  error. — R.  H.  The  general  increase 
wiU  be  F  C.  fbr  98-4tl04"9  Engliiih)  feet  l^F.  for  68-9  £. 
feet.  This  well  is  1794  feet  (Eng.)  from  sor&c^  1675  feet 
(Eng.)  below  the  sea  lereL 

New  Salnrak  in  Westphalia. 

An  faiteaian  well  6644 '  5  metres,  mdbr  100  metres  deeper 
than  the  Puits  de  Orenelle.   1°  C.  fisr  91  French  feat.    -  . 
Observed  tempcMturte  friVv  1*  Falir.  for  64  fL  of  ^pfch, 
(Humboldt  says 2052 bdow sea lereU and  l°F.for64'72 

feett 


Depth  of  bore,  225  metres. 
Increase  1°  F.  for  about  55  feet. 

Mondocfl  in  the  Gxind  Dndiy  of  Ltuemborg. 
Geologioal  lormatums  passed  through— 


Lias  - 
KeuBser  - 
MuBchelkalk 

Grte  bigarr^  and  Gzte  Vo^pen 
Old  Schfstose  rooks 

DepQi  730*00  mebei. 
Increase  1"  F.  for  sbout  57  feet. 


Metres. 
64-11 
206  02 
142-17 
311-46 
16-24 

73O-00 


MonkwHumumth  Collinir,  Sunderland. 
.  I^ofessor  John  Aiillips. 

Depth.  1584  feet,  or  1497  below  sea  level. 
Increase,  1**  F.  for  5936  feet. 

Dukinfield  Cdlieiy,  Cheshire. 

Dent  2000  feet  (7) 
at  time  of  obserration  1330  feet. 
InereMe  aooor^ng  to  Mr.  Hopkins,  1*^  F.  for  about  66  feet. 

{See  table.) 

Saxony  mines  (Mich's  experiments). 

Inenase  1°  Cent-in  41-84  metres. 
„      1  Falir.  in  76-26  Snglish  feet 


John  Ebtowus,  Esq.,  of  Westwood,  Feodleboty,  ManchoBter,  examined. 


99.  (Chairman.)  Will  yon  state  what  oppw- 
tonitiea  you  havff  had  of  making  observations  upon 
the  Bobject  of  the  increase  tempwature  in  mines? 
—In  the  Pendleton  Colliery,  near  Manchester,  which 
belongs  to  the  firm  widi  vmch  I  am  connected,  I  have 
the  temperatures  throughout  the  workings  taken  at 
various  times.  When  taken  every  half  hour  in  the 
day  on  the  30th  of  March  this  year  the  temperatui-e 
of  the  ait  it  the  surface  varied  from  32°  to  56°.  At 
the  bottom  of  the  downcast,  at  the  same  time,  it  only 
varied  from  51°  to  68°.  The  temperature  of  the 
return  air  at  the  bottom  of  the  upcast  shaft  was  72° 
throughout  the  day. 

100.  You  are  now  speaking  of  the  air  temperature  ? 
-^Yes }  but  I  had  other  temperatures  takoi  in  the 
mine.  The  temperature  at  the  first  level,  693  yards 
below  the  surface,  was  64°.  At  the  second  level, 
648  yards  below  the  eurfitoe,  64°  also.  At  Ko.  3 
level,  696  yards  below  t^e  .  surface,  was  66° ;  and  at 
Ko.  4,  thepresent  lowest  depth,  738  yards  below  the 
Bur&ce,  67^.  The  temperature  in  a  hole  in  tlie  ooal 
on  the  second  level  (648  yards  below  the  surface) 
was  75°.  The  temperature  of  the  floor  at  the  same 
place  was  77°.  There  is  a  difference  in  the  temper- 
ature between  the  coal  and  the  floor. 

101.  In  both  cases  the  thermometer  being  sunk  ? — 
Yea;  and  shut  off  from  the  surrounding  atmosphere. 
In  No.  3  level  (696  yards  below  the  surface)  the 
temperature  at  600  yards  irom  the  down  brow  was 
70^  in  the  coal,  and  74° ,  in  the  floor ;  and  in  the 
same  level,  1000  yards  from  the  down  brow,  the  tem- 
perature was  83°  in  the  coal,  and  82°  in  the  floor.  In 
Ko.  4  level,  788  yards  below  the  surface,  at  200  yards 
firom  the  down  brow,  it  was  80°  in  the  coal,  and  84° 
in  the  ^wr  (  and  at  400  yards  from  the  down  brow, 
and  60  yards  from  the  face,  it  was  82°  in  the  coal, 
and  86  in  the  floor.  In  the  same  level  a  tunnel  is 
being  driven  on  the  de^.  In  it,  at  17  yards  from  the 
coal,  called  tiie  Ram's  Mine,  the  tempwature  in  shale 
is  76°.  At  62. yards  from.the  coaJ,  but  in  warrant  or 
fireclay,  it  was  79°.  At  84  yards  from,  tloQ  coaL,  in 
hard  rock,  or  buhr,  it  was  82  ,  and  in  a  second,  cock 
it  is  80^.  Those  are  all  obsenations  taken  upon  that 
day,  and  the  oondiMion.  to^wfaioh  I  have^eome  is,  that 
there  is  a  difioceiifie  between  the  temperature  of  the 
rock  and  the  fAnqieratnre  (fC  the  ^oal,  itfie^w^e  it  is 
.opened.  Tlt^t  th^  oof4  jjneii  «ui.ikMt quicker  ihan 
the  rook  vill  do.  I  hayMib»tt>«i|pff)<iill*#4rt  the 


same  places  taken  on  the  8th  of  Afffil  1868,  and  also 
on  the  6th  of  June  1866.  -  ' 

- 102.  What  is  the  nature  of  the  floor  ? — ^Warrant 
earth,  whicb  is  a  swt  of  fire-olay. 

103.  {Chairmati.\  Were  anjr  others  taken? — ^Yes; 
on  the  25th  of  April,  at  our  Clifton  Half  Colliery,  near 
Manchester.  At  the  top  of  the  downcast  the  atmosphere 
was  56°,  at  the  bottom  of  the  first  downcast  shaft, 
430  yards  below  the  surface,  it  was  .60°,  and  in  a 
bay  from  the  level,  at  430  yards,  in  the  Dow  coal,  it 
was  72°.    And  in  some  new  levels  about  100  yards 
downbrow,  or  about  460  yards  below  the  surface, 
it  was  70°.     The  return  ur  at  the  upcast  was 
70°.   From  the  bottom  of  the  first  downcast  we  have 
another  downcast  shaft  gmng  down  about  120  yards 
deeper  to  a  total  depth  of  650  yards.   There,  in  s 
hole  in  another  coal,  called  the  Trencherbone,  it  was 
80°.   In  a  tunnel  going  from  the  660  yards  level 
below  in  the  rock  the  temperatare  was  74°.  Assum* 
ing  that  at  the  depth  of  60  yards  there  ie  an  average 
temperati^e  of  50°,  and  adding  1°  for  every  60  fe^  it 
comes  to  pretty  nearly  Uie  temperature  at  which  we 
find  the  rocks  are  in  the  mines.    At  738  yards  deep 
it  would  make  the  temperature  84°,  which,  is  the 
actual  t^perature  of  the  rocks  at  that  depth. 

104.  (Chairman.)  What  do  you  make  the  increase 
of  the  temperature  of  the  air  ? — The  temperature  of 
the  wr  from  the  downcast  varies  from  61°  to  58°,  and 
the  return  air  as  it  c<Mne8  to  the  upcast  never  gets 
higher  than  72°.  It  is  the  same  throiuhout  the  day, 
whatever  the  temperature  of  ^e  surnce  may  have 
been. 

106.  Then  it  has  no  reference  to  ihe  temperature 
at  the  surface? — ^Not  at  all,  according  to  these 
returns. 

106.  As  I  undetstaad  the  matter,  it  stands  thus : 
the  temperature  of  ttie  coal  is  something  like  80°  at 
788  yarts  ? — ^Yes. 

10^.  And  the  temperature  of  the  air  at  the  bottom 
of  the  upcast  is  70^?— Tes. 

108.  Tliereibre  the  reduction  of  temperatare  due 
to  ventUatlon  is  IQP  ?— Yes ;  10°  for  the  coal  and  14P 
for  the  floor. 

109.  Do  ycHi.{hiiik  that  ^t  is  the  limit -of  reduc- 
tion whirfi  you  '  eofuld  effect  by  ventilation  ?— No ; 
you  m^bt  reduce  it  more     gettiiig  more  air.-  ■ 

110.  Praetioally  speakuig,  how  much  do  you  tbink 
tlwl  *yoB  oonUt-redaoe  itf  TtiUng  veiy  d«ep  minea^ 


Digitized  by 


91 


wBere  fhe  tempertturft  of  the  minea  is,  'say  90°,  bow 
much  do  yon  think  that  by  ventilation  you  could 
reduce  the  temperature  of  the  air  ? — I  do  not  see  why 
Aey  coidd  not  reduce  it  to  this,  becaade  H  is  simply 
a  question  of  bringing  a  quantity  of  air  to  the  place. 
As  a  natural  consequence,  all  new  levels  would  be 
hotter  as  they  were  being  driven  out,  but  they  would 
cool  afterwards.  I  find  that  there  is  a  grent  reduc- 
tion in  the  temperature  of  the  seams  of  coal  after  the 
levels  have  been  driven.  In  one  case  of  500  yards 
tiioog  the  level,  the  coal  is  at  a  temperature  of  70^, 
and  at  1<XX>  Tu^S)  where'  the  coal  has  just  been 
opened,  it  is  8^. 

111.  (Mr.  Diekauon.)  At  the  same  de^th  ? — ^Yes. 

112.  That  shows  Uiat  the  coal  had  given*  » 
much  heat  as  to  reduce  the  temperature  13°  ? — Tes. 

113.  {Chairman.)  In  this  'psrticiilar.  jnalnot  how 
much  could  you  increase  the  quantity  of  air  ? — We 
are  now  getting  90,000  cubic  feet  a  minute, 

1 14.  How  much  could  you  increase  that  quuatity  ? 
—It  might  be'easily  doubled. 

115.  Tou  would  require  four  times  tbe"'lbK"be''f6 
double  it  ? — ^Yes  ;  but  we  would  make  larger  airways, 
as  well  as  increase  the  power. 

116.  If  you  increase  the  airways  you  must  increase 
the  surface  actinz  upon  the  air,  though,  not  iii'-the 
same  proportion? — do  not  think  that  that  would 
materially  aflfect  it,  because  after  the  levels  are  once 
driven,  a  great  amount  of  heat  has  been  given  off, 
and  it  does  not  c(»ne  diere  again. 

1 17.  i)o  you  know  Of  ftay  ease  of  vei7  deep  inines 
in  which  the  temperature  is  very  inconvenient  tar  tlie 
men  to  work  in,  and  in  which  it  is  impossible  to  have 
a  Imge  amount  of  ventilation  ?— I  do  not  know  of  any 
inri^QOci  witiiin  my  own  Iraowled^e,  «x6ept  it  is 
a  badly  ventilated  place.  Taking  tl^-  l&Btanee  wbidli 
Mr..  Hunt  has  named  to-day,  I  should  consider  it  a 
very  badly  ventilated  place. 

118.  Then  your  opinion  is  that  you  can  .counteract 
Ate  efifect  of  the  earth's  temperature  at -any  depth 'by 
v»Btiiati<m? — Yes.  I  do  iiot  see  wqr  difflcnl^  at 
{nresent,  so  far  as  we  have  gone; 

119.  {Mr.  Dickinson.)  By  ventilation  you  ,  are 
enabled  to  reduce  the  temperature  considerably, 
ezc^  in  the  advimicing  levels  ?— Yes.  And  by 
driving  the  lev^  first,  when  yon  ean  t^e  a  1»^6 
amoant  of  ventilaticm  vn  Hie  fiioes,  yon  greally  reduce 
the  temperatnre  Oten  also. 

120.  In  these  mines  which  you  have  been  speaking 
of,  near  Manchester,  the  workings  are  at  a  greater 
depth  than  that  in  Cornwall,  spoken  of  by  Mr.  Hunt, 
and  yet  the  temperriure  of  ^e  air  in  your  mines  is 
much  lower  ? — ^Yes. 

121.  What  depth  may  that  be  below  the  sea  level  ? 
—The  top  of  thepiie  at  Pendleton  tcre  42  yards  above 
the  sea  leveL 

122.  So  that  the  lowest  depth  where  your  workings 
hare  yet  reached  will  be.  696  yards  below  the  sea 
level  ?— Yes. 

123.  I  believe  tl(at  the  shafts  at  the  Pendleton 
Colliery  were  sunk  many  yeai  s  ago  ?— Tea. 

124.  They  are  very  much  smaller  shafts  Uum 
wofild  be  sunk  now? — ^Tes.  Thc^  ai-e  only  eight 
feet  in  diameter,  and  we  should  now  make  shafla  of 
12  feet. 

125.  {Mr,  Forster.)  Should  they  not  be  at  least 
15  feet  ? — We  might  make  them  so. 

126.  {Mr.  Dickinson,)  In  making  these  experi- 
ments, were  you  careful  tp  get  property  verified 
tiLermometers  ? — I  got  a  thermometer  which  had 
been  carefully  verified  at  Kew,  and  I  compared  all 
the  others  with  it,  and  they  were  all  right. 

127.  Therefore  there  is  no  pouibility  of  «Tor  frcnt 
tbe  thermometers  ? — ^No. 

128.  {Chairman.)  Can  you  for^i  any  opinion  how 
the  t^peratmre  of  the  circulating,  air  woul4  incrawe 
with  the  distance  from  the  shaf^  supposing  that-tl^ 
workings  wa<a  cazzied  to  a  poat. distance  ?-^I  have 
results  taken  in  the'Pendtoton  coUi^.  At  the 
bottom  of  the  doipioast  shaft  the  tanperatisre  w«b 
68**.  At  190  yards  down  the  brow,  which  dips  at 


about  I  in  9,  it  was  64®  ^  ftt-865  yarde  64"  j  at  600 
yards  65^;  Hod  at  625  yards  (where  ffie  depth  Mow 
the  surfece  is  788  yards)  it  *as  67".  ■ 

129.  Is  that  the  greatest  distance  from  the  shaft 
where  you.  had  an  observation  ? — That  is  where  the 
levels  commence,  from  the  brow  ;  at  1000  ywrds  aknig 
the  l.eve1,  which  is  500  yards  down-  the  brotr,  it  is  75^ ; 
at  1800  yards  it  is  76°. 

130.  {Mr.  Dickinson.)  That  is,  including  the  depth 
of  the  shafts,  which  are  about  526  yards,  and  the 
slope  down  the  brow,  SOOyatds,  altogether  about  2QSSS 
yards  ftom  the  top  of  the  shafl  ?— Yes ;  and  the  tem- 
peratare  f^ere  is  76^. 

181.  {Chairman.)  Then  at  about  a  mile  from  the 
flbiA  the  temperature  of  the  ur  approximates  to  the 
temperature  of  the  coal  ? — ^Yes. 

182.  T|n^tiato-8ay,itiswithin4°  or  5°  of  it?— Yes, 
because  as  the  air  runs  along  it  will  natural)^  absorb 
the  heat. 

133.  {Mr,  Dickinson.)  Then  the  return  air  from 
that  portion,  after  coming  through  the  old  workings, 
18  actually  atminished  in  temperature  from  76^  to  72° 
by  the  time  that  it  reaches  Uie  upcast  shaft  ? — ^Yes. 
Some  of  the  diminution  is  caused  by  a  little  leakage 
of  air,  from  the  intake. 

,134.  (C%ain»an.).Then  by  increasing  the  distance 
from  the  shaft  you  would  at  last  come  to  a  point  at 
whieh  the  temperature  of  the  air  was  identi^  with 
that'of  the  coal  ? — Yes ;  unless  you  increased  yonr 
pliances,  in  order  to  keep  cooling  it  downj  and  I  think 
it  possible  to  do  &at. 

138.  The  Sorter  the  length  of  tiie  air  conrse,  the 
moi-e  easily  would  that  object  be  effected? — ^Teis;  the 
more  easily  would  the  temperature  be  reduced. 

136.  (itfr.  i>K;i^tuoni)  bi^takii^l^-tempravtare  of 
the  coal  atfd  rocks,  what  w^  the  d6pth  ik  the  hole 
where  you  had  thennconeters  inserted  ? — Frran  a  yard 
to  four  feet.  '  ■ 

137.  How  long  did  you  leave  them  in  ? — We  left  two 
or  three  in  for  12  hours,^  and  -others  fbr  three  hoars, 
and  others  for  liidf  an  hourf  but  there  'wa«  no  variailifni 
in  tiie  temperature,  whether  they  were  left  in  for  a 
long  time  oi-  a  diort  tiooe. 

138.  So  that  no  perceptible  eflect  was  produced  by, 
the  fHct^ott  of  driU^  the  hjole  ?r-No  ;  and  they  were 
idldiy;  there  being  no  water. 

139.  Dotheaeabi8of'Ooa].gtTe9ffflro<litep^-Tes, 
all  of  them. 

140.  {Chairman.)  If  coal  if  aa  to  be  worked  at  very 
much  greater  depths,  than  at  present,,  of  course  the 
shafts  would  become  so  expen^v^tlrat  it  would  be  im- 
portant to  win  the  lai^est  area  posrible  from  a  singte 
shaft  ? — Yes. 

141.  That  would  involve  .9anying  the  passage  to 
great  distartces  firom  the  hot  of  the  shaft  ?  —Yes. 

'  142.  And  those  great  distances  would  be  where  the 
chief  difficulty  would  be  experienced  in  keepii^  down 
the  temperature  ?— Yea ;  but  that  would  be  obviated 
by  bavutt  tb&  levels  or  .tiie  tunnels  large  enoo^. 

143.  Aiid  the  shaft  laxge  eaough.  ? — And  w»  shaft 
large  enough. 

144.  {S^ Forster.)  There  must  be  two  shafts?—. 
Tea  ]  it  would  depend  upon  t^ieir  sizfi ;  the  di£fer«iqe 
in  the  use  .of  the  ahafts  ik  very  little. 

145.  (  CAotrflum.)  WoukL  there,  linder  thoae 
stances,  be  greater  difficulty  in  ve^tilatimi  ? — do  not 
see  that  there  would. 

146.  You  think  that,  whatever  was  the  distance  from 
the  shaft,  you  would  still  be  able  to  centred  the  tem- 
perature by  means  of  ventilation  ? — ^Yes. 

147.  '(^fr;  Dickinson.)  In  the  Pendleton  colliery  do 
you ; work  night  and  day?-— Mot  entirely  night  and 
day ;  we  work  about  three  fcortha  i&  tihe  tU^,  and 
perbafB  one  fourth  at  night. 

148.  Howmany  men-are  there  at  wwk  daring  tiie 
di^?— 484.-   .       ■  , 

149.  And  how  many  tuwaea  ?— Alymt  12. 

150^  Bo  Uie  T^m  work  ynHh  aa&iy  lamps  ^— It  ia 
safety  lamp  work  at  pneeatt  and  aboat  flie  bottoni 
^thsabaAathjaeanegiui.ligbtB.  .  • 

151.  Haveyon  any  undei^round  engines  which  may 


All 

J.  Knmskt, 
S8  April  1868. 
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aflfect  your  intake  air  ? — ^No.  There  are  several  in 
the  pita,  but  none  which  can  affect  the  intake  air.  The 
boilers  also  are  made  off  from  the  intake,  and  th^  do 
not  affect  the  TOntilation.   They  are  near  the  npcast 

1 52.  Is  the  temperature  there  very  high  dose  to  the 
upcast  ? — Tliere  is  a  difference  of  6°  between  the 
return  air  firom  the  mine,  before  reaching  the  engines 
and  boilers,  and  just  at  the  foot  of  the  upcast. 

163.  {Mr.  Geddes.)  In  working  those  larger  win- 
nings which  you  refer  to,  do  you  experience  any 
difficulty  with  separate  pro^etors  ? — ^Yee.  In  taking 
the  coal  it  is  a  qneation  of  ba^iUning,  becanse  there 


is  no  power  at  all  to  compel  a  person  to  sell  or  lease 
his  coal, 

154.  {Mr.  XHckiiuott.)  Is  any  objection  made  by  any 
of  the  men  as  to  working  in  tb»  hottest  parts  of  the 
pit  ? — None  at  all. 

155.  So  that  np  to  these  temperatures,  at  738  yards 
in  depth,  you  have  found  no  practical  dif&cuUy  ?— Ko 
diflculty  at  all 

156.  Is  the  black  spit  whidd  baa  been  fonnd  amoiifl 
some  of  the  Cornish  mines  fonnd  in  the  deep  mines  m 
Lancashire  ? — ^Not  at  all ;  we  do  not  know  of  it,  and 
genen^y  I  believe  coal  miners  will  earn  their  living 
to  a  greater  age  than  other  chwBM  of  workmen. 


The  witness  withdrew. 


Adjourned  to  Wednesday  the  20th  May  at  12  o'ctook. 


A.— 7^  Meetmg,  No<m,  Ma/y  20, 1868. 

FlffiSENT: 

1.  Sir  WiLUAH  Abustroko  in  the  Choir ;  2.  Mb.  Woodhouse  ;  3.  Ma  Dickinson  ; 
4.  Mb.  Qeddes;  S.  Db.Ferct;  6.  Mb.,Elliot. 

Minutes.         1.  The  inxnateB  of  last  meeting  were  read  and  approyed^  as  circulated  April  30th.  (808.) 

2.  The  Secretaiy  reported  that  he  had  written  as  directed  to  tihe  genlJemea  named  at  the  last 
meeting,  and  ako  to  the  Afitronomer  Royal  by  decdre  of  the  Chairman.  The  corieaiKmdenpe  was 
produced,  and  it  was  determined  to  wait  till  the  inquiry  is  further  advanced  before'  again  com- 
municatiikg  with  the  Astronomer  Royal 

3.  Written  answers,  880,  fixon  Mr.  Henwood ;  881,  from  Mr.  Heckles ;  883,  from  Mr.  Fox,  were 
produced,  and  the  Secretary  was  directed  to  acknowledge  the  receipt,  to  have  them  printed,  to  send 
proofe  to  the  authors  in  the  usual  manner,  and  to  circuhite  the  answers  when  corrected. 

4.  A  proof  of  the  evidence  of  Mr,  Slnowles  was  produced.  The  evidence  of  Mr.  Hunt  is  not 
yet  printed. 

5.  The  next  meeting  is  to  be  fixed  at  the  usual  hour  and  place  on  the  17th  of  June. 

6.  The  Secretary  was  directed  to  request  Messrs.  T.  Wynne  and  Welsh  to  make  certain  expe- 
riments. 

The  evidence  of  Mr.  Hull,  Mr.  Brown,  and  Mr.  Lupton  was  then  taken  by  Mr.  Webb  as  follows. 
The  evidence  to  be  corrected  in  manuscript  before  it  is  sent  to  press. 

W.  Q.  ASMSTBONa 

E.  BmB,  £^  EswABD  Huuc,  Esq.,  F.6.S.  (8,  Hamilton  Park  Terrace,  Gla^ow),  District  Snrreyor  of  the  Geological 

  Sorrey  of  Scotland,  examined, 

■oMajisea 

157.  {Chairman.)  The  subject  which  we  are  now  trust  to  memory ;  and  I  ha-re  dcme  so  in  the  lime  which 
engaged  in  inrestigating  is  the  increase  of  tempera-    was  allotted  to  me. 

tore  in  sinking  mines,  and  we  wish  to  have  not  only  159.  {Chairman.')  What  opportonities  have  yon  had 
the  experience  which  gentl^nen  have  had,  and  the  of  observing  the  ratio  of  increase  of  temperatoie  7— - 
fccts  which  they  can  produce  bnt  also  the  opinions  I  have  had  no  personal  opportnnities,  bnt  request  the 
founded  upon  well-ascertained  &ct8  of  any  sort  bear-  attention  of  the  Committee  to  the  carefullymade  series 
iug  on  that  subject.  If  you  will  favour  the  Committee  of  experiments  Mr.  Bryham  at  the  Kose  Bridge 
with  the  result  of  your  inquiries  upon  tiiis  snlgect,  Colliery,  to  whidi  I  have  uready  referred.  The  pit 
we  shall  be  very  glad  to  hear  it  ?— As  1  stated  in  a  was  at  the  time  600  yards  de^  to  the  cannel  seam, 
letter  to  Mr.  Campbell,  I  have  not  made  any  personal  and  the  observations  were  made  during  the  sinking 
observations  on  the  increase  of  temperature  in  mines,  of  that  pit,  which  is  dry  at  the  bottom.  I  have  drawn 
bnt  I  may  state  that  about  seven  years  ago  a  very  up  some  tables.  These  first  tables  relate  to  the  air. 
interesting  and,  as  I  think,  complete  set  of  experi-  I  have  some  others  relating  to  the  strata.  The  ex- 
ments  were  made  at  my  suggestion  by  Mr,  Bryham,  periments  in  the  first  table  were  taken  on  the  4th  of 
the  manager  of  Rose  Bridge  CoUieiy,  nt  Ince,  near  September  I860;  the  second  series  of  experiments 
Wigan,  belonging  to  Mr.  John  Grant  Morris,  of  were  taken  on  the  18th  of  March  1861 ;  the  one  being 
Liverpool ;  and  although  I  have  myself  puldished  at  the  end  of  the  summer,  and  the  otber  at  Ibe  end  of 
those  observations,  yet  I  thought,  as  bearing  on  the  the  winter.  AU  these  observations  in  the  second 
questions  now  before  the  Committee,  I  might  be  table  were  taken  at  the  depth  of  600  yards  in  the 
allowed  to  reproduce  them  here.  cannel  seam. 

158.  (CAotmon.)  Yoa  will  pnt  in  these  &ctB  as  evi-  .  16(^  {Chairman,)  Was  the  Ince  Colliery  actually 
dence  ?— Tea ;  I  have  thon^t  that  on  a  snlject  (tf  working  ac  was  it  being  sunk  ? — They  were  sinking 
this  kind  it  was  brtter  to  write  my  answers  tfawi  to    in  1854  and  up  to  1856 ;  it  was  completed  in  1856, 


Digitized  by 


ON  POSSTBIiE  DEPTHS  OF  -WOEKING. 


9S 


uid  these  figures  refer  to  1A61  ;  70a  will  therefore       161.  (Chairman.)  It  is  the  velocity  of  theftir? —      A  13 

see  Ukat  it  was  completed,  becanse  I  have  the  cir-    Tea,  only  that  it  is  stated  in  cubic  feet  per  minute*       JS.  BvU,  Etq, 

culstion  of  the  ur  in  the  workings.  The  witness  read  the  foUowiog  tables:   

so  May  1868. 

Table  1. — ^Temperature  at  Snr&ce  in  Sbade  £6°  F. 


Depth 

in 
Yards. 

Air  CDrrent 
Cnbic  Feet 
perMisate. 

Tempera- 
tore  of 
Intake  Air. 

Tempera- 
ture of 
Betom  Air. 

Gain 
of 
Heat. 

innanoe  traTeued  by  tna 
CrDinnt. 

1660. 
iUiSept. 

M 

300 

M 

OVitalga 

35*00 
tt 

inofKatfro 

59-5 
n 

mSnrihoeTe 

64*0 
<8*0 

mpaatnie,  St 

4' 5 
8*5 

68  - 

1,000  yards. 
-4  yardaont  of  enrrent. 

130  &  36  -  64  -  8^ 

w 
n 

600 
It 

81-76 

60*6 

» 

73-0 
75*0 

18*0 
IS'O 

1,500  yardl. 

8  yardi  out  <^  cmrent. 

Tabls  2. — ^Temperature  at  Snrfiice  in  Shade  42°  F. 


1861. 
18  Mar. 

600 

105 -58 

SO*  75 

8*75 

M 

96*40 

M 

68*75 

18*0 

n 

23-S6 

51*8 

67*5 

16*0 

M 

21*00 

)> 

71*0 

20-0 

M 

» 

10-50 

It 

67-5 

16-5 

1) 

)t 

tt 

60*0 

t> 

tt 

It 

tt 

» 

It 

71-75 

11*75 

Main  latake. 

{Taken  in  domb-diift. 
Distaoee  travelled  2,200  yarda 

Distanee  traTcUed  2,400  yards. 

tt  tt  S.140  „ 
»  tt        1.900  „ 

4  yards  out  of  intake. 

,,     return  air. 


Btrometor  in  eannel  mine  600  7Wds,SO*5iatnirfiwe^  28*8. 


162.  (Chairman.)  Bo  you  trace  any  proportion 
between  the  increase  of  beat  and  the  distance  through 
which  the  air  travels  ? — ^Yes. 

163.  (Chairman.)  A  portion  of  the  increase  will  be 
doe  to  the  barometrical  difference? — No  doubt  the 
diffbrence  of  the  height  of  the  column  and  density  of 
the  air  wonld  fffoduce  a  certain  increase  of  temperature. 

164.  {€3utinHaH.)  Are  you  prepared  to  say  what 
that  win  amoont  to  ? — ^Not  from  personal  experiment^ 
but  I  betiere  that  the  increase  of  heat  is  1°  for 
ereiT  300  feet.  If  the  temperatore  was  42°  at  the 
surface,  at  600  yarda  it  would  he  6°  higher.  The 
actual  obserration  gives  8°*5  as  the  increase. 

165.  (Chairman.)  And  the  greater  part  of  that  ia 
accounted  for  by  the  mere  increase  of  pressure  ?— 
Tes,  I  believe  that  after  a  shaft  has  become  accus- 
tomed to  the  current  for  a  conaiderable  time,  nearly 
the  whole  of  the  difference  between  the  temperature 
at  the  surface  and  at  the  bottom  of  the  shaft  is  due 
to  the  increase  of  density. 

166.  (Mr.  Dickinson.)  TVhen  you  say  that  the 
temperature  of  the  Mr  increases  one  degree  for  eadi 
hundred  yards  of  pressure,  that  will  be  from  observa- 
tions taken  above  ue  earth,  ami  it  probably  will  be  in 
a  ^itwiniwliing  ratio  ascendhig  from  the  surface  of  the- 
earth,  but  in  an  increasmg  ratio  descending  below  the 
Burfitce  of  the  earth,  which  may  account  for  the 
diflference  of  2°  of  which  you  have  spoken  ?— I  dare 
say  that  it  will  be  in  an  increasing  ratio,  hut  I 
cannot  speak  to  that  with  certainty,  I  only  speak  to 
one  degree  for  every  300  feet  as  being  an  average 
within  certain  limits. 

167.  (Chairman.)  In  these  cases  the  greater  part 
of  the  increase  of  temperature  between  the  surface 
and  the  bottom  of  the  shaft  is  due  to  the  increase  of 
atmospheric  pressure  ? — ^Tes.  The  third  table  which 
I  have  refers  to  the  increase  of  temperature  of  the 
strata,  the  observations  having  been  made  in  sinking 
the  shaft  between  1854  and  1858. 

N 


Hie  witness  read  the  following  table  : 

Table  3. — Kose  Bridge  Colliery.  Temperature  of 
Strata,  made  in  sinking,  1854-8. 


DKte. 

I)Mithln 
Tirds. 

Temperoitiire 
Tanohett. 

NatweofStntinQ. 

1864. 
July  -      -  - 
August  - 

lei 

188 

M-6 
60 

BIoeBhale. 

1858. 

ffiS  - 

wo 

600 

78 

Blue  ■bale. 
WMnatewth. 

un. 

Kwoh     •  - 

n 

Two  feet  in  solid  ttntft 
U  pit  bottom.  The 
stnU  lud  probabl; 
cooled  by  exposure  for 
.ueorl;  toree  yean  to 
the  oold  down  current. 

( Witness.)  I  Uien  give  in  a  table  of  my  own,  the 
proportionate  increase  of  temperature  at  difl^rent 
depths. 

The  witness  read  the  following  table : 

Table  4. — The  temperature  of  no  variation  is  not 
given,  but  assuming  it  to  be  51°  at  17  feet,  or 
6  yards  in  round  numbers  (as  at  Dunkinfield 
Colliery),  the  rate  of  increase  would  be  as 
follows : 


Depth  tn 
Twdi. 

Incwsso 
PireubMb. 

Inoreua  fbrl°  Enenhdt  in  JMt. 

lei  -  6  a  UB 

ISS  -  6  =>  182 

U*tf> 
lB-0° 

1°  in  S7'I  rToo  great,  probably  ow- 
<   jug  to  the  time  u  year 
1°  In  86*48  (.  (■umaur). 

D»-e  =  6M 

S7-0' 

in  «0-< 

600-6«m 

l»*0» 

1**  In  «'5 

HflHt  nt«  of  InereaN  ftv  the  Tb^  depth  l*In  •1*6  ftiC. 
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A  14  (Witness.)  The  flrrft  two  of  thofle  observations  were 
E.  Buli,  Esq.  takSOf  be  it  recollected,  in  the  warm  months  of  the 

  year,  and  therefore  I  think  that  the  rapid  rate  of 

SO  May  jucgase  has  been  in  some  measure  due  to  the  time  of 
the  year  in  which  they  were,  taken.  I  attach  more 
importance  to  the  last  two  obserTationa. 

168.  {Chairman.)  Did  yon  take  as  joar  datum  the 
temperature  of  the  earth  at  61°? — ^les,  fliat  was 
ascertained  at  Dukinfield  Colliery,  but  it  strikes  me 
that,  as  regards  the  depth  of  the  invariable  stratum, 
the  observation  is  not  quite  correct ;  about  60  feet, 
I  think,  would  be  nearer  the  truth  ;  51°  Farenheit 
may,  I  think,  be  taken  for  the  temperature,  as  observed 
at  Dukinfield  Colliery,  but  I  think  that  the  depth 
ought  to  have  been  greater. 

169.  (ChairmaH.)  How  were  the  obsei-vations  made- 
in  tiie  case  of  Rose  Bridge  Colliery  ? — I  wrote  to 
Mr.  Bryham,  and  I  have  to-day  received  his  answer, 
which  I  think  is  satis&ctory  ;  he  speaks  of  anoth^' 
fvtries  of  observaUons  which  he  is  at  present  carfying 
out  in  sinking  the  same  shaft  deeper. 

no.  {Chairman.)  "Do  you  know  what  depth  they 
have  attained ?— Yes,  I  have  it  here;  if  you. will 
allow  me  I  will  read  Mr.  Bryham's  letter  : — **  Rose 
"  Bridge  and  Douglas  Bank  Collieries,  Wigan,  19th 
«  May  1868.  Dear  sir,  I  have  delayed  my  reply  in 
•*  order  to  give  you  another  observation.  We  have 
"  just  commenced  sinking  from  the  cannel  to  the 
•*  Arley  Mine,  at  Rose  Bndge  Colliery,  and  yesterday 
«  cut  through  the  Raven  Mine,  at  a  depth  of  630  yards 
"  from  the  surface.  I  had  the  heat  of  the  strata 
*'  taken  in  the  coal  seam,  which  I  find  to  he  83° 
"  Fahrenheit ;  the  heat  in  the  open  shaft,  with  a  small 
current  of  air  blowing  down,  being  78°  at  the  same 
time."  Unfortunately  ho  does  not  give  the  tem- 
perature at  the  surface.  "  In  reply  to  yours  "  (that 
was  the  question  of  how  the  former  observations  were 
taken),  "  I  have  a  hole  bored  in  the  solid  strata  about 
"  three  feet  deep,  in  which  the  thermometer  is 
"  inserted,  and  hei-metieally  sealed  with  clay  for  at 
•*  least  half-an-hour  ;  this  I  find  quite  a  sufficient 
"  length,  of  time,  indeed  16  minutes  would  do.  I 
"  intend  having  the  heat  of  the  strata  token  regularly, 
**  with  which  I  shall  bo  glad  to  furnish  you  when 
"  we  have  comfdoted  the  sinking.  We  are  only 
"  sinking  eight  hours  oat  of  the  24,  so  that  we  shall 
"  be  some  20  months  before  we  are  down.  We  shall 
"  be  something  over  800  yards,  which  I  intend  to 
*•  draw  at  one  lift.  With  kindest  regards,  beliero  me 
"  yonrs  truly,  William  Bryham. — Edward  Hull,  Esq." 

171.  (Mr.  fVoodhouse.)  Was  any  note  taken  of  the 
state  of  the  wailing  of  the  pit  where  that  experiment 
was  made  ;  namely,  whether  it  was  a  dry  shaft,  or  a 
wet  one  with  water  trickling  down  ? — ^Tliat  is  an  im- 
portant question.  Mr.  Bryham  has  not  stated,  but  I 
should  assume  that  it  was  either  dry  or  nearly  dry, 
and  that  there  was  no  current  of  water,  but  there  may 
have  been  just  a  little  damjmess. 

172.  There  was  no  cooling  from  the  water  ? — 
think  not. 

173.  ( CAatrmofl.)  I  think  that  you  are  aware  of 
many  other  series  of  observations  which  have  been 
mAde  in  mines  and  bore-holes.  In  your  book  many 
are  referred  to,  and  you  are  also  aware  that  they 
show  very  great  discrepancies  at  different  depths. 
Have  you  any  decided  opinion  as  to  the  cause  of 
those  discrepancies  ? — Yes  ;  I  think  that  there  are 
several  causes.  I  think  that  one  cause  is  the  differ- 
ent conducting  powers  of  heat  of  different  strata. 
Another  cause  is  the  percolation  of  water,  which  I 
think  is  a  very  serious  source  of  enw.  Those  are 
the'two  principal  causes  of  variation  and  discrepancy. 

174.  (Chairman,)  You  are  also  aware  that  in  bore- 
hiries  those  discrepancies  have  not  existed,  or  at  least 
only  in  a  Tery  small  d^ree  ? — There  has  been  on  the 
whole  a  wonderful  correspondence,  I  think,  in  the 
results  of  mc«t  of  the  deep  bore^boles. 

175.  {Chairman.)  How  do  you  explain  the  fhctthat 
ibme  diacrepanaes  exist  in  a  mine,  and  do  not  vzist 
in  a  Ixffe-mle ;  may  not  the  flow  of  water  into  a 


mine  have  a  cooling  or  a  'heatiilg' inflnenoe  ?— 
Certainly. 

176.  (CAatr»ia».)  Whereas  if  the  water  is  drawn  off, 
as  in  the  case  of  a  bore>hole,  it  would  not  operate  ? 
—Just  so.  As  long-  as  the  watra  is  flowinj^  it  cornea 
from  higher  levels,  and  is  prohaUy  cooler. 

177.  (CAatnnaM.)Or1tmayTn)meft>om  tower  levels, 
and  be  hotter  ? — Generally  in  the  case  of  coal  strata 
I  should  say  that  it  comes  from  h^her  levels,  and 
indeed  it  is  so  in  the  case  of  all  ro<is,  except  that  we 
know  that  there  is  at  the  unknown  -depths  a  certain 
proportion  of  water,  either  water  of  crystallization  or 
water  in  a  state  of  mechanical  suspeoslon  ;  hut  I  think 
that  as  a  general  rule  the  quantity  decreases  with  the 
depth.  The  greater  the  depth  at  which  the  obsCTra- 
tions  can  be  taJken  the  ^^sa  . liable  will  they  be  to  error 
on  account  of  the  flow  of  water, 

178.  {Chairman.)  Do  you cbiuudar~ihe  observations 
taken  from  bore-holesor  from  kunestaaiTcvd  the  moei 
reliable  results  ? — I  should  prefer  diem  frvm  mines 
while  tibe  shf^  is  being  sunk,  because  we  know  that 
in  b(»<e4i^eB  mriier  »  to^rieklodewn  from  difl«r- 
ent  levels  in  the  boring,  as  well  as  earth  and  other 
materials,  and-  tbere  is  some  danger  that  these  may 
become  intermixed  with  the  strata  at  the  bottom. 

179.  (Chairman.)  But  would  not  any  material Jaffing 
into  the  bore-hole,  or  any  water  deaoeudiig,  assimilate 
itself  to  the  temperature  of  that  with  which  it  was  in 
contact  ?—  No  doubt  it  would  in  the  courfee  of  time. 

180.  {Chairman.)  Would  it  not  do  so  almost  imme* 
diately  where  the  quantity  is  so  small  ?-t-Probably  so ; 
with  respect  to  bore-holes,  I  have  generally  a  great 
distrust  of  them,  except  when  they  are  made  under 
very  careful  observation,  and  of  course  those  to  which 
yon  allude  are  such  as  ha,v'4  been  iiiade  undo*  careful 
observation. 

181.  (Chamnan.)  Looking  at  all  the  observations 
which- we  recmrdsd  upon  these  subjects,  what  do  yon 
consider  to  he  about  the  Average  rate  of  increase  Jif. 
temperature  ? — think  that,  taking  all  the  observations 
which  have  been  made,  the  rate  of  1°  for  every  60 
feet  is  rather  too  rapid,  and  that  probably  l°per  66  or 
70  feet  would  be  a  nearer  approach  to  the  truth; 

182.  (Chairman.)  Do  yon  confiiderthat  that  rate 'of 
increase  will  be  uniform,  or  that  it  Will  dhnihish  with 
the  increase  of  depth  ? — That  is  a  point  tipon  which 
I  do  not  think  that  we  have  yet  s^mdenf  evidence  to 
form  an  opinion; '  ' '    ■        - 1  ■      ■  . 

183.  (Mr.  Ditkinson.)  In  addition  to  the  v^ia- 
tion  by  the  conducting  powers  of  the  different  stfitta, 
and  by  water,  will  not  there  be  some  difference 
arising  from  the  fire-damp  liberated  -by  teme  o^  &e 
strata,  and  extending  msia.  ainiost  a  'liq'uld  Into  b 
gaseous  form  ? — In  a  seam  ofcoal  tha't  mi^t  be  the 
case,  or  even  in  strata  in  the  iA)ighbotn%!Ood  of  coat.'' 
If  the  fire-damp  was  in  connexion  wit^  deep 
fissure  in  the  earth,  and  was  liberated  m  immediate 
contact  with  the  strata  in  which  the  experiment  was 
being  made,  I  should  say  that  in  all  probability  it 
would  affect  the  results. 

184.  (Chairman.)  Would  it  not  have  a  cooling 
efbct  by  its  expansion,  rather  than  a  heating  effect  ^ 
— It  would  have  a  cooling  effect  if  It  was  being  given 
off,  owing  to  its  expansion. 

186.  (Mr,  Dickinson.)  I  understood  you  to  speak- 
of  the  water  of  crystallization  in  the  different  strata 
as  one  cause  why  the  temperature  might  be  affiscted  ? 
— ^I  do  not  think  that  tiiat  would  aflfeet  the  -temper- 
ature. 

186.  (Mr.  DicHmtnC)  Because  the  water  of  ciya- 
tallutatioH  in  the  mineral  remains  die  same,  even 
although  that  mineral  be  perfsctly  dry  and  be  kept 
in  a  cabinet  ? 

(PFitness.)  Yes.  I  may  here  be  allowed  to  state 
that  I  ara  very  anxious  that  'some  experiments  should 
be  made  at  greater  depths  than  those  at  which  we 
ore  already  possessed  of  experiments,  namely,  at  the 
bottom  of  some  of  our  deep  collieries.  The  sntgect' 
vras  discussed  at  the  late  meeting  of  the  British 
Assodation,  and  I  believe  that  a  committee  Waa 
fmned  for  the  piir|Kwe  df  eatrying  tfnt  vome  uHiSl* 
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tibcal  experimoitB  ^  but  from  -what  I  nadarBtaiipd,  .it 
was:  oaljr intended,  to  mak^ -aDotiuv^amoi^^ 
eaqfierimentB  vhioh  haira  beim«l»kdy  made  •from  the 
sttffoee.  Kow  I  think  that  ve  hare  -tt-pMieiiA 
salBcieat  evidoice  lo  gfvA  m  mi'4fprdztmat6l5'iittBr 
notion  of  the  Snorease  irfrtw&bwstard  down'  to  toy 
2,000  feet.  What  I  nhotiid  tike  to  aee  woiOd.  fee 
ezperimettts  Mrried  out'  ttoringtflKM  'Ibd  ^  bottom 
ojf  some  of- oar  ^eo]^^  oollievieff  M  a  greater  d^b' 
than  2,000  feet,  whereby^-there  would  be  iem  da&ger 
of  error  fi*bm  eoBtaot' with- 'Watei',- and  tiie  restdtti 
would  be  oonseqaenU^raof^  Jnauab)e.-)'It  ^eMte  toi. 
me  that  the  beat  pl^  woidd-'be  t»  exeat>ate  a  chaniber 
at  -a  tittie  dietanee  A>^  tfaeciMhflv  out  of  tiie  way 
of  the  woridng}  ittd:CDi«MiQr'^tf  ibe  expeilmetite 
there.  '■  ■ 

187.  (ifr.  fV^dAMus.)  Veu  bttre  beed  filsked 
witb  i<i^«ke«  :to--flre4Miipr' -  Will  yoa  direct  yotnr 
atteatio>  to  ah  Ofdkikry  Mow  9  ■  Stpftieiag  that  the 
temperature  of  the  gaa  be  taken  at » -coaatai!Ft^'-t[aAa4 
tftf^.vtnild'  iM*>h  luiitoKtis  ■  yretty  aearly  tbe-^emper^ 
ature  of  the  stratt^'cfanltagfa-ithicll  It  eomM^^I  anf 
aftttid  Dotj  b««aUte  -^4hB  VM-y^  proceed  of-'blewlng  is 
oMstttBtlT  dii»te^ieMi%- tbd  detMOT' of  tbe  g  end 
tikat  would  produce  a  «dOliAg  ^^t.  <^e  ■gM  i«  pent 
np  at  saeh -an  en^ftooiM' inressure  iu-the  etfatft  that 
titotwperattiVift^f  the  gae  HHfttef-durfog'libcAiitioa'be 
greatly  reduced,  .iiii  ;  n  -i.--  " ;  .  -..^ 
.'488.  (iW-J  -Do yott  think  tbftt-ifr 

not  be  «r«a  aB-'i^i^MhAttte  galde  ?~Ne.  But  water 
pereciathig  slowly  ^fnMa^  atirhtdi^  I  think  weidd-be-a 
very  good  guide.  - 
'  189.  (CAa<MNa».>  7-tfaink  ^t'yOQ  have  stated,  in 
■one  of  your  'writi&^s  up<Mi^  liiie  eubject,  that  you 
consider  it  practicable  to  have  a^dilferenoe  of  10 
degrees  between  tfae  teiki]iiera*iire  ef  the  mine  •and  of 
ibe  air  ciFeulatiftg  lB  'Uie  mine  ;  and  that  you  -  have 
sp^es  of  thrt  Mug  thi  Kmit  of  die  diffisrenoe 
which  would  be- attidoable.  -Is  ttnt  eo? — If  I  have 
made 'such  n  lstat^D«nft,'I  think  that  I -mnet  have 
made  it  witfeon  oertabi'liiDits,  because  I  tea  quite 
satisfied  that  -t^  aii-,- '  afteir  oireulating  a  sufficient 
distance  threugb^  the  mme,  wHi  gradnnllr  assume  the 
temperature  of  the  walls  of  the  nrine  itself.* 

'  190.  {ChairmaH.)  Supposing  that  the  temperature 
of  the  strata  was  Jiigfaer  than  it  would  be  practicable 
to  work  in^  the  question  wonld  arise  how  much  yon 
could  reduce  tbati-temperature  by  an  increase  of-  vent- 
ilation;  and  then  would  arise  the  question  what  would 
be  tiie  maximum  difTei'euce  which  would  be  attainable 
between  the  circulatidg  .^r ,  and  the  coal  or  other 
miDerals  with  which  the  air  was  in  oontact  ? — ^1  do 
not  think  that  thera  eonld  be  luiy  tiile  for  that ;  ft 
would  depend  iBrst  upon  the  «enson^  the  year,  and 
then  upon  the  temperature  t)f  the-air  descending  the 
tAia&i  and  also  tipon  t&^  distakice  throiigh  which  it 
had -dronlated.  I- Ifrink^that  perh^w  what  I  seid 
was  that  down  to  a -cerfaln  deptfl,  srich  as  4,000-feet, 
by  a  ■  enfficient  proie^lss  of  venfilaticm,  and  during  the 
cooler  ■  months  -  tfce  -^elAr^^-Ihe  '  '<foh'.*  wffliJd  ¥e 
workable.  ■  •  •  ■■.         «  "       ■     ■  >  ■ 

191.  (C%«imon.)  Ihaveift'iii'etty  cleaf=*e(A)llection 
of-your  stirting,  hypothetiioltf;  tbatlO"  wOuW  be  the 
diflSerence  ? — I  have  not  tlie  book -by  me^  btrt 'if  I 
made  that  statement -I  beg'  leaye-  to  wtffhdniTf  it, 
'because  the  amount'  <^  cooHifgUs  cVenrly  a  vii^iable 
qntaitlty.  •  i--  ■'  ^-  -   ''  ■\'  ■•' 

192..  ((^ithman.)  SbppiMing' lllfe' ^nlperAfOre  of 
the  strata-  to*  be  I00°i  can  you'  fln'nl'  any  fdea  -lio^r 
mdeh  it  wotdd  be 't>i^ct7cftble  to '"reduce  tiie.  tempera- 
ture of  ihe  cirenlating-tetf  t)elow  100°  by'inc^ea8ii% 
flke  vefltilbtion-^— The-e9^>eriiaeb¥islhave  diiscrilM^ 
shew  deariy  that  the-gifeater' the  Veloeity  of  the 
current  the  more  rapid  is  the  redbctitm  of  tempoN 
atnre.    The  cooling  effects  ahw  depend,  I  should  . 


*  I  find,  (Ht  referring  to  thejpMj|^tpiatitiesds-4a^i  Wa 
*■  maf  oondade  (from  dw'ffiq>^mient&  inade  at  Shir^oak  C<d-' 
-"  liajr)  that  <he  g«neial,cflbct  of  thar veattlatiHi  mold  be  to 
"  r«duee  the  tgmn^ralitf^'bj  a1»^  i0^.aiid,titnrard9.'*-'Cocf/- 
fleUtifGAdtSm&i;tidS.tP'  mt:  *^  "         -  ^ 


N 


suppose,  upon  fhe  temperature  of  the  dese«idiiig  air 
at  the  intake^  because  if  it  desoeads  at  a.  temperature 
oSj70%  it  will  not  have  the  cooling  effect  which  it 
ivould  hare  if  itentend  at  a  temperature  of  32?. 

108.  (C!4aAwHtn.)Batisnotthetemperatuivofthe 
air  in  deep  mines  pretty  constant  after  having  circu- 
Uted>  •'Ibr  '  a  consideimfale  'distance;  ie  there  much 
dUbrenee  between  wintav&nd  summer  ?-t— I  tiiink  so. 
I  think  that  within  certaiaiiinita  this 'may- be  inferred 
&om  these  expeif^ents.  I  have  eome  other  experi- 
ments'here,  which  'n-e  taken  &om  the  presidential 
addrSBB  -of  Mr.  TVarringtoa  Smyth  tq  the  Greolc^cal 
StKclety,  which  have  been  supplied  to  him..by  M.Jules 
Gromaert,  -Inspector  General  of  tiie  Mines  in  Beigiumi 
Theee  are  in  print,  ud  -  I  think  Hiem  extremely 
^Ceraetiag,  because  thecy  were  taken  when  the  tfXQ- 
peratunp  «t  the  surface  vas  nearly  at  freezing  ^oint. 
Hete'ls  0D6  whin«  the  tampemture  of  the  ur  is. 32" 
at  the  BurAwe;  at  Ae  depUi  of  1,880  fiset  it  is  49o ; 
at  Hie  end  of  a  gaUery<60  yards  long  it  ie  Saf7,  and 
at  a  coal  face  880  Irom  the  pit  it  ia  66f*%  so 
Aet  there  ii  has  gained  about  17".  in  a  d^rence  of 
dieUmoe  ef  330  yards.  ■  If  this  be  compared' with  two 
of  the  experiments  recorded  in  TaUe£  at  Rose 
Bi4^ef  it  will  be  seen  Uiat  at  nearly  the  same  depth 
it  required  a  circulation  of  2,^00  yards  in  ca^^ 
and  ^,900-  yards  itt  another  (aoeoiding  ito.the  velocukj' 
of  the  current),  to  raise  the  temperature  by  abonfi.the 
same  uaountr-w^M  tile  Bii^ace  air  WBS'42^.  .  ...  . 

194.  (Hr.  Dickinson.^  We  had  a  set  of  experi- 
mente  placed  befcm  ua  at  bur  last  meeting,  aiui  it 
was  shown  that  in  a  large  coUieiy  ^e  .retnrn-«ir  at 
certun  points  was  >  constant  .both  in.  .winter  and  lin 
summer  ? — I  suppose  that-tiut  was  ifter  circttlMbig  b 
v^-long  dibtanee?  ... 

IfiiS^  {Mn  IH»Mn$on.)  It  was  ■  after  circnlatiiig 
through  a  Very  large  ooUiery. — I  think,  that  th^  Is 
quite  possible  if  thedistuioeis  suffleiuxt,  because  the 
temperature  wtmld  gradually  wppnndmate  to  that  <t£ 
the  strata.  .  . . .  ■ 

196.  {Mr.  IHcAingon.)  We  also  h^d  it  shown,  that 
upon  the  Bome  day,  although  a  conBid«Table  Tariation 
of  temperature  took  plaoe^n  the  suiface,  a  variation 
at  the  bottom  of  tiie  shaft  did  not' take  place  to 
anything  like-  "the  same  extent.  -Can  yon  explain 
these  apparent'  nnomaliea  ?— I  am  not  pr^>azed  •  to 
explain  diem,  lor  they  are  rather  (Uiferent-firam  fAat 
T  shoi^d  have  anticipated. 

197.  {Mr.  Wopdhouse.)  Would  it  not  be  neoessacy 
to  be  supplied  with  the  particulars  (tf  those  returns 
before  you  could  give  an  explantioa  upon  tbem, 
namely,  as  to  l^e  deptli  of  shaft  and  the  quantity  jof 
current  and  other  etroaiuManees,  all  of  wludi  m^ht 
af^eci^  the  <»ee  vr  in  some  deg^-go  te  account'  fm:  die 
^(pftretat-diserepffliey-? — No  douM,  In  iact  it -is 
contrary  to  what  I  flftould  have  supposed,  and.  ^ 
experiments  wliiCb  I  had  an  opportuni^  of 
studyitig;  ■- 

'  198:  {Ckair^MM.y  What  i»4be  smallest  depth,  from 
tire  surface  at  whioh-the  temperature  of  th»  atrate  ia 
unaSteeted-by  ehMiges  ot  fttmosplwri*' temperature.? — 
Itii  the-tbertnometrieal  observatiowi  made  at.  Dukin- 

■fleld-C6nie*7;'-0}te(ihire,-in  1848'*^9(  the  ^temperature 
of  no  variation  was  found  to  be  &'  6  yards,  or  about 
ITfeet  &om  the  Stt^&«e.:  AtGreenwidi,  in  1838,-the 
extreme  variatioiis-ita'tiie  deepest  {^-sereral  nnder- 
greund  thermometers  S5  feet  from  the  surface  were 
48®*85'and  62°'27,  aoi£ording-to  the  4|me  of  the  year, 
givirig  a  mean  of'60^'56  Fahf.r  which  i^oxM.  be  (he 
constant  lempeitittire.  The  Mnttuin  df  no  vaiiation 
wbutd  idre  ber  Borne  feet- loWer, '.probablr  30  i-t«  3fi 
fech  At  Parisj-'inifce-fetitude  0^49^50;  the  dep«i 
the  Caves  de  l^bservatiMi^  8^  ^t-flronv  the-gronhd, 

-  is  generallyyAnfiide*^  Ac  deptiiiirif  variation*  ■  Th* 
^e0h  .oS  this  stratum  could  only  be  ascertained  by 

'  observations  conducted  over  a  great  many  years  at 
each  spot.  Perhaps,  as  a  general  rule,  50  feet  may^bo 
taften  aa  the^epth  central  parts  of  England. 

199.  (Chairman.)  What  effect  has  the  elevation  of  . 

■  the  surface  above  the  sea  l*vel  in  mo<fifyiug  the  eatio 
of 'increase  ?^1%M  Is  aquestitn  te.TrSiieh  pexfiOBali^ 

4 


A  16 

B.  HvO,  Euq. 
SO  May  1868. 
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A  I  cannot  give  any  answer ;  but  it  would  appear,  from 

E  HtdL  Eta   *he  observations  of  Humboldt  in  mines  at  a  very  high 
js,.  oKH^'  elevation  on  the  Andes,  that  the  law  of  increase  of 
10 Mar  1868.  temperature  for  depth  is  there  maintained;  but 
—       whether  it  is  in  exactly  the  same  prcportion  as  it 
is  at  lower  levels  near  the  level  of  the  sea  I  am  not 
prepared  to  say,  nor  are  the  investigations  such  as 
to  give  us  the  means  of  answering  that  question. 
But  with  r^ard  to  our  own  collierie^  I  think  that 
that  is  a  point  which  will  produce  very  little  alteration 
in  the  general  results,  because  all  our  deep  collieries 
will  be  within  perhaps  600  or  700  feet  of  the  level 
of  the  sea,  and  within  these  limits  of  elevation  1  do 
not  anticipate  that  there  will  be  any  appreciable  effect 
on  the  increase  of  temperature  due  to  difference  of  leveL 

200.  {Chairman.)  I  dare  say  that  you  are  aware 
that  in  the  sinking  of  artesian  wells  to  very  great 
depths  the  level  ^  the  sur&ce  above  the  sea  has 
been  very  various  in  different  cases,  and  that  the 

of  the  temperature  has  been  uniform  in  all  these 
eases  ? — ^Tea ;  neady  so. 

201.  {Ckairman.)  Therefore  von  would  infer  that 
the  elevation  above  the  sea  sur&ce  would  not  maike 
much  difference  ? — ^Not  at  moderate  elevations. ' 

202.  {Mr.  JCHckinson.)  Is  it  not  poanble  that  scone 
of  the  difference  of  temperature  in  the  wtesian  wells 
may  arise  from  their  bdng  in  different  strata  ?-— Tes, 
no  doubt. 

203.  And  with  a  different  conducting  power?— 
Tes. 

204.  {CheUrman.)  What  is  the  observed  relatio 
between  the  temperature  of  the  strata  and  that  of  the 
air  in  deep  mines  ? — I  think  that  we  are  unfortunately 
deficient  in  observations  upon  that  point ;  but  from 
the  experiments  made  at  Bose  Bridge  Colliery,  and 
which  are  detuled  in  Tables  1  and  2,  it  woald  appear 
that  the  temperature  of  the  air  circulating  in  deep 
mines  tends  to  be  aasimilated  to  that  of  the  sarrounding 
strata,  in  iffoporUon  to  the  distance  which  it  travels 
through  the  underground  works,  and  also  dq>ending 
upon  the  velocity  of  tiie  omrent. 

205.  {Chairmaiu)  Does  the  temperature  of  the  air 
increase  with  lateral  diatauce  from  the  shall,  and  is 
tiiis  the  case  independently  of  the  heat  evolved  from 
tiie  men  and  horses  and  the  combustion  of  the  lamps  ? 

 ^Yes,  I  think  that  this  is  the  case,  and  that  it  is 

independent  of  the  increase  due  to  the  presence  of 
men  and  animals  and  other  local  disturbances  of  that 
kind  ;  but  the  amount  which  ought  to  be  set  down  to 
these  causes  would,  of  course,  be  variable  ;  I,  however, 
think  that  upon  the  whole  it  does  not  very  greatly 
alter  the  general  results.  I  may  add  that  the  ur 
i^ulating  in  a  deep  mine,  and  after  having  travelled 
a  ctmsiderable  distance  is  at  a  lower  temperature  in 
the  current  tiian  when  taken  where  the  air  is  stag- 
nant.  Thia  I  attribute  to  the  increased  densi^  of 
title  air  where  it  is  stagnant  over  that  where  it  is 
circulating.  This  is  shown  by  the  experiments  at 
Bose  Bri^e.  I  will  take  (me  of  the  e:q>eriments,  for 
instance,  in  Table  1 .  At  a  depth  of  600  yards  the  cur- 
rent, after  circulating  1,500  yards,  had  a  temperature 
of  73°  where  the  air  was  in  a  state  of  motion,  but  3 
yards  out  of  the  current  it  had  a  temperature  of  75° 
the  difference  being  2°. 

206.  (Chairman.)  Will  you  describe  the  experi- 
ments  made  on  the  temperature  at  different  distances 
fr^  the  bottom  of  the  shaft  7 — Referring  to  Bose 
Bridge  CoUloy,  in  Table  1  we  find  the  air  at  the 
bottom  of  the  down  shaft  59^'  5,  and  after  drculatiog 
l,000yu^,64°,  the gaiuof  heat  being  4°'5;  that  was 
at  a  depth  of  300  yards.  At  a  depth  of  600  yards  the 
air  the  bottom  of  the  down  shaft  was  60°-  5,  and 
after  circulating  1,500  yards  it  was  73°,  the  gain  of 
heatbeing  12^-6.  In  Table  2,  at  a  depth  of  600 yards, 


the  air  at  the  bottom  of  the  down  shaft  was  51°*  5, 
and  after  circulating  2,400  yards  it  was  67° '  5,  the  gun 
of  heat  being  16°.  In  the  same  table,  at  the  same  depth 
of  600  yards,  the  air  at  the  bottom  of  the  down  shaft 
was  51° -5,  and  after  circulating  1,900  yards  it  waa 
&l°'6t  and  after  circulating  3,140  yards  it  was  71°, 
the  gain     heat  being  16°  and  19*5°  respectively. 

2vr.  {Ckturman,)  Can  yon  make  out  from  that 
what  the  distance  is  which  is  required  to  raise  the 
temperature  of  the  air  1°  ?— B^erring  to  the  expe- 
riments above  stated,  the  rate  of  increase  is  1°  in  118 
yards  in  the  former,  and  1°  in  178  yards  in  the  latter, 
whidi  would  seem  to  show  that  the  rate  of  cooling  is 
inversely  as  the  distance.  On  the  other  hand,  the 
velocity  was  twice  aa  great  in  the  latto:  aa  in  the 
former  instance. 

208.  {Chairman.)  The  greater  the  difference  be- 
tween the  temperature  of  the  air  and  the  tanpOTatnre 
of  the  coal,  the  more  rapid  would  the  rise  oi  the  tem- 
perature be  ? — ^Yes. 

209.  And  the  temperature  would  rise  mora  rapidly 
at  first  than  afterwards  ? — Certainly. 

210.  Then  if  yon  established  a  great  disparity 
between  the  temperature  of  the  air  ami  the  tempera- 
ture of  the  coal,  the  heat  woold  be  more  difficidt  to 
contend  with  ?■— Tes.  The  rapidity  of  radiation  is,  I 
believe,  as  the  diffisenoe  of  squares  of  the  tem- 
perature of  the  current  and  the  air. 

211.  According  to  that  view  it  would  be  extremely 
difficult  to  establish  any  great  difference  between  the 
temperature  of  the  air  and  that  of  the  coal  ?— Just 
so. 

212.  The  greater  the  difference  the  greater  the 
struggle  would  be? — ^Yes,  towards  assimilation  c£ 
the  temperatures. 

213.  {Chairman.)  Does  a  mine  get  cooler  by  long 
working? — ^Yes;  but  it  would  appear  that  the  per- 
manent cooling  of  the  rock  after  long  exposure  is  a 
very  alow  process;  and  this  will  be  apparent  from 
the  consideration  of  tiie  enonnons  amount  of  caloric 
which  is  being  constantiy  given  off  fvom  die  walls 

a  mine  during  the  process  of  ventilation. 

214.  {Chaamtan.)  It  is  always  hottest  at  first? 
— Yes,  and  it  gradually  cools,  as  tiiore  is  a  constant 
radiation  of  heat  from  the  surrounding  strata;  that 
will  affect  the  strata  gradually  to  greater  and  greater 
the  air  passages ;  and  I  should  not  suppose  that  the 
conducting  power  of  the  rock  would  be  sufficient  to 
make  up  fop  that  unless  the  mine  waa  deserted  for  a 
great  length  of  time, 

215.  {Chairman.)  Can  yon  refer  to  any  instance  in 
which  the  temperature  in  the  mine  has  been  diminished 
as  the  colliery  has  been  longer  in  existence  ? — There 
is  the  instance  in  point  given  in  Table  3  at  Rose  Bridge 
Colliery,  There  was  aa  observation  taken  in  July 
1856  in  the  strata  at  the  bottom  of  the  pit  at  the 
depth  of  600  yards ;  the  tempwature  being  found  to 
be  80^.  In  lurch  1861,  two  years  and  nine  months 
aftOT,  at  the  de^tth  of  two  feet  from  the  pit  bottom,  the 
strate  had  cot^down  to  72°,  being  a  difference  of  8°. 

216.  {Chairman.)  How  was  the  tomperature  at  the 
surface ;  was  It  the  same  in  both  cases  ? — These  are 
temperatures  not  of  the  air  but  of  the  strata.  The 
cool  down  current  appeus  to  have  lowered  by  8°  the 
tomperature  of  the  strata  at  the  bottom  of  the  pit . 

217.  {Chairman.)  Do  yon  consider  that  that  reduc- 
tion of  temperature  would  go  on  gradually  ? — ^To  a 
considerable  distance  from  the  shaft  it  probably  would 
do  so,  but  after  circulating  for  a  great  distance  in  tiie 
mine  the  temperature  of  tiie  current  would  to  so  great 
a  degree  have  assimilated  itself  to  that  of  the  strata, 
that  the  reduction  of  temperature  would  become  in- 
appredaUe  through  a  long  period  of  time,  and  would 
become  nearly  constant. 


The  witness  withdrew. 


Ur. 


Mb.  Arnold  Lutton,  Mining  Engineer,  Chesterfield,  examined. 


218.  t^Chairmaii.')  In  what  kind  of  opwations  have 
yon  been  engaged  ?— I  bftre  nude  obeerrations  in 


pits,  both  in  pito  which  have  been  recentiy  sunk,  and 
in  pits  which  hare  been  sunk  for  some  time. 
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'219.  What  q[^(HrtDiiitie8  have  you  had  of  obserring 
ihe  ratio  of  the  increase  of  the  temperature  of  the 
earth's  crust  in  descending? — hare  hem  experi- 
menting during  the  last  year  and  a  half  at  some 
collieries  at  Moira;  at  theHucknall  Torkard  Colliery, 
Nottinghamshire ;  at  Annesley  Cotliery,  at  Kiveton 
PiU'k  CoUieiy,  at  Denl^  Ci^iery,  and  likewise  at 
Swanwick  Colliery. 

220.  Have  you  made  experiments  upon  this  qnestum 
iu  all  these  collieries  ? — ^Yes. 

220  a.  Then  you  hare  had  a  large  experience  upon 
the  subject  ? — ^Yes.  I  have  been  making  a  number  of 
experiments  on  purpose. 

221.  What  is  the  smallest  depth  from  the  surface 
at  which  the  temperature  of  the  strata  is  unaffected 
by  changes  of  atmos^erio  temperature? — hare 
<mly  made  a  few  observaticmg  in  wder  to  answer  this 
question,  as  I  thought  that  it  was  well  answered 
by  other  obaerrers.  I  believe  that  the  permanent 
temperature  is,  as  stated  by  others,  50^  at  a  depth  of 
50  feet  from  the  surface.  All  my  experiments  agree 
with  that. 

222.  Commencing  from  that  temperature  as  a  datum, 
at  what  rate  does  the  temperature  of  the  strata  in- 
crease with  the  descent,  and  is  the  ratio  constant  in 
each  particular  sinking,  or  does  it  vary  at  different 
depths  and  in  different  strata  ? — Pffl-faaps  I  had  better 
give  the  result  of  the  variona  experiments  as  to  the 
tODperatnre  of  the  sbrata  at  tiie  difl^ent  colli^ies. 
At  Hncknall  Torkard  Colliery  there  is  a  depth  of 
nearly  1,250  feet. 

223.  Are  the  results  which  you  are  about  to  give 
us  in  a  new  colliery  ? — The  first  experiments  were 
made  immediately  after  the  colliery  had  been  sunk. 
The  temperature  at  a  depth  in  the  pit  of  about  350 
feet  from  the  surface  was  55° ;  this  was  ascertained 
by  putting  a  thermometer  into  a  bore-hole  about  six 
feet  in  from  the  side  of  the  shaft.  That  temperature 
was  equal  to  an  increase  of  1°  for  every  60  feet  below 
a  depth  of  50  feet.  The  temperature  of  the  coal  at 
tlie  bottom  of  the  shaf)^  1,250  feet  from  the  surface, 
as  ascertained  by  a  thermometer  put  in  a  bore-hole 
and  closed  up  and  allowed  to  remain  for  24  hours, 
was  70°. 

224.  {Mr.  Dickinson.)  Was  that  in  the  coal  ?— 
Tes,  in  newly  cut  coal. 

225.  And  was  it  newly  opened  ground  ? — ^Yes,  just 
at  the  head  end.  I  visited  the  colliery  agaiu  a  year 
after  it  had  been  sunk,  and  made  another  bore-bole  in 
the  bending  about  600  yards  from  the  pit  bottom,  and 
the  temperature  was  the  same,  u^ely  70°,  in  the  bore- 
hole at  the  head  end  ;  and  the  temperature  of  the  cool 
near  the  pit  bottom,  near  where  the  first  bore-hole  had 
been  put  in  a  year  before,  had  sunk  to  59^°  from  70°, 
notwithstanding  that  the  hole  was  drilled  two  feet 
into  the  solid  coaL  At  Annesley  Colliery  the  depth 
was  1,425  feet;  the  teraperatare  of  the  coal  at  the 
bottom  was  73°,  being  an  increase  of  very  neai'ly  1" 
for  every  60  feet. 

226.  (Chairman,)  That  agreed  with  the  last  ob' 
servation  ? — Yes.  The  temperature  of  the  coal  in  a 
bore-hole  drilled  two  feet  into  the  side  of  a  head, 
which  head  had  been  cut  and  exposed  to  a  slight 
current  of  ur  for  about  nz  numtiu,  was  6^  at  the 
same  depth. 

227.  You  have  there  a  loss  of  temperature  of  how 
much  ? — Of  9°  in  six  months.  At  Kiveton  Park 
Colliery  the  depth  was  1,200  feet,  the  temperature  in 
a  bore-hole  made  iu  the  head  end,  about  250  yards 
from  the  pit  bottom,  was  71°,  being  an  increase  of  1° 
for  every  55  feet  of  descent.  The  temperature  of  the 
coal  in  a  bore-hole  two  feet  deep,  after  the  head  had 
been  exposed  for  three  months  to  the  intake  current 
of  air,  was  60^,  having  cooled  down  11°.  The  next 
colliery  is  Denby  Colliery.  The  total  depth  is  906  feeL 
This  colliery  was  very  wet,  and  the  observations  are 
probably  vitiated  by  a  very  oonmdOTable  amount  of 
Burfiwe  water.  The  temperature  in  a  bwe-hole  at 
tiie  abaft  bottom  was  57^°;  the  bore-hole  was  fbU  of 
water.  This  gives  an  iftorwee  9f  1°  for  every  120  fwt 
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228.  Had  that  water  flowed  down  the  shaft  ?— Yes,      A  17 
to  a  great  extent.  Mr. 

229.  You  are  taking  the  temperature  of  the  water?  Antold  Ijgttm, 
— ^Yes  i  the  hole  was  closed  up  so  as  to  prevent  cir-        '  " 
culation,  and  the  thermometer  was  kept  in  for  24 

houi'd.  In  this  coUieir  the  thermometer  was  kept 
constantly  in  a  bore-hole  in  advance  of  the  men 
whilst  sinking,  but  owing  to  the  continued  presence  of 
water  in  the  diaft,  the  experiments  I  think,  although 
carefully  made,  were  not  of  much  value. 

230.  Have  you  made  any  experiments  with  horizon- 
tal bore-holes  at  the  same  pit  ? — Yes ;  at  a  small  dis- 
tance from  the  surface,  but  not  at  any  great  depth. 

231.  You  consider  that  the  result  in  this  pit  is 

entirely  vitiated  by  the  quantity  of  water  ?  That  is 

mycminion.  At  the  Swanwick  Colliray  the  depth  was 
966  feet.  I  had  several  thermometers  in  this  shidl, 
one  50  feet  from  'the  surface  in  a  horizontal  bore-hole ; 
another  at  a  deptii  of  150  feet  from  the  surface ; 
another  50  yards  from  the  bottom ;  and  another  in  a 
bore-hole  in  the  bottom  coal.  The  depth  of  the  shaft 
was  966  feet,  the  temperature  of  the  strata  in  the 
coal  at  the  bottom  was  62^°  Fahrenheit,  being  an 
increase  of  one  degree  for  every  73  feet.  The  rate 
of  increase  was  observed  to  be  greater  towards  the 
bottom  of  this  shaft,  between  the  horizontal  bore- 
hole which  I  had  50  yards  from  the  bottom,  and  the 
bottom  itself ;  the  temperature  increased  at  the  rate 
of  one  degree  for  every  60  feet. 

232.  Will  you  give  us  the  temperature  ?— I  have 
not  the  oluervationa  witii  me,  but  that  is  the  result  of 
them  ;  namely,  that  for  the  last  60  yaids  the  temper- 
ature increased  at  the  rate  of  one  degree  for  every  60 
feet. 

233.  Have  you  any  other  observation? — have 
another  observation  ;  at  the  Newfield  pit  at  Moira 
Colliery.  The  total  depth  of  the  shaft  is  about  1,030 
feet.  This  is  an  old  coUieiy.  The  temperature  of 
the  strata  in  a  head  a  few  hundred  yards  from  the 
pit  bottom,  newly  cut,  is  66°,  being  an  increase  of 
about  one  degree  for  every  60  feet.  At  this  colliery 
and  at  the  same  depth,  1,030  feet,  I  was  present  at 
the  re-opening  of  a  head  that  hud  been  driven,  and 
subsequentiy  stopped  up  about  10  or  20  years  ago. 
The  temperature  of  some  stili  water  at  the  head  end 
was  found  to  be  68°.  At  this  colliery  tiie  upcast  uid 
the  downcast  shafts  are  less  than  100  yards  apart.  I 
had  two  corresponding  bore^holes  driven  into  the 
strata  8  or  10  feet  at  a  depth  of  about  80  yards,  one 
in  the  upcast  and  the  other  in  the  downcast.  I  made 
the  obsOTvations  on  a  cold  frosty  night.  I  put  a  ther- 
mometer into  the  bore-hole  in  the  upcast  shaft,  and  it 
represented  53  degrees  as  the  temperature  of  the  hole  ; 
some  water  was  running  out  of  tliat  hole  at  the  time. 
Hie  average  temperature  of  the  air  in  the  shaft  was 
90°.  In  the  other  shaft  the  temperature  of  the  bore- 
hole was  the  same,  though  the  mean  annual  temper- 
atm-e  of  the  air  descending  was  40^  or  50^  lower  than 
in  the  upcast  pit. 

234.  Reviewing  the  whole  of  your  observaUone^ 
what  do  yon  consider  a  fair  increment  of  depth  cor- 
responding with  one  d^ree  Fahrenfadt  ? — Sixty  feet. 

235.  {Mr,  Diekiiuon.)  That  is  down  to  a  depth  of 
475  yards  ?— Yes. 

236.  {Chairman.)  You  would  consider  that  down 
to  that  depth  the  increase  is  tolerably  constant  ? — Yes. 

237.  Are  all  your  borings  in  coal  ? — ^Yes,  except 
some  which  were  made  horizontally  in  the  shaft. 

238.  Did  you  discover  any  difference  between  the 
temperature  of  the  holes  in  coal,  and  of  those  which 
were  in  stone  ? — ^I  did  not  discov^  any,  nor  should  I 
expect  to  do  so. 

239.  WUl  yon  now  proceed  to  inform  us  as  to  the 
temperature  of  the  air  ? — Last  May  I  made  some  ob- 
sei-vations  at  the  Hucknall  Torkhard  Colliery,  at  a  pit 
only  just  sunk,  as  to  the  temperature  of  the  air. 
When  I  made  the  observations  the  temperature  of  the 
air  at  the  sur&ce  was  65  degrees  j  the  temperature  of 
the  air  at  a  deptii  of  100  yards  in  the  shaft  was  64 
degrees ;  the  temperature  of  the  air  at  the  pit  bottom 
was  65  degrees,  the  current  of  air  being  very  slow ; 
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^  Ig      that  wu  at  a  depth  of  1,250  feet.   It  was  cooled 
jifr.        down  one  degree  at  a  depth  of  100  yards,  and  from  a 
jbmU  Zaqrfm.  deptii  of  100  yards  it  began  to  rise  in  temperature;  I 
— —        have  made  some  further  obs^ations  this  year.  The 
90  Uaj  1868.  temperature  at  the  surface  when  I  made  my  obaeiTa- 
tions  was  70  degrees  in  the  shade.    At  the  bottom  of 
the  downcast  the  temperature  was  58  degrees. 

240.  Then  it  was  cooled  in  that  case  ? — Yes,  about 
30,000  feet  of  air  were  passing  down  the  shnit.  It 
was  a  12-feet  shaft. 

241.  (Mr  Dickinson,')  Was  that  temperature  of  58 
degrees  taken  at  the  same  place  as  where  you  got  t^e 
65  degrees  in  the  previous  experiment  ? — Yes  ;  but 
when  I  found  the  temperature  65  degrees  there-  was 
scarcely  any  air  passing,  and  the  pit,  being  recently 
sunk,  had  not  had  time  to  cool  down  ;  but  when  I  found 
the  temperature  58°  there  were  30,000  fiBet  of  air  per 
minute  passing.  * 

242.  So  that  by  an  increased  quantity  of  air  you  got 
a  greatly  reduced  temperature  ? — ^Yes  ;  but  the  shtuft 

been  cooled  by  a  year's  ventilation.  The  air  at 
the  downcast  bottom  was  58  degrees  ;  after  passing 
through  the  heading,  making  a  journey  of  800  yards, 
the  temperature  of  the  air  just  before  it  reached  the 
men  at  the  head  end  was  68^  degrees. 

243.  {Ckairn^an.)  What  was  the  temperature  of 
the  strata  there  ? — ^70  degrees.  After  passing  the  men 
the  temperature  of  the  air  was  71  degrees. 

244.  Then  that  was  due  to  the  heating  effect  of 
Ae  men  7— -Yes ;  in  that  particular  instance,  and 
also  of  ^  ^nps  and  coal ;  there  were  two  men  in 
the  head  aid,  and  four  lamps. 

245.  What  distance  had  the  air  to  pass  in  that 
case  before  it  arrived  at  the  masdmum  temperature  ? 
— 800  yards. 

246.  And  what  was  the  quantity  of  air  passing  ? — 
I  cannot  state  exactly,  but  it  was  about  fnnn  2fiOO 
to  3,000  feet 

247.  Was  it  a  full  circulation? — There  was  as 
much  as  is  usually  taken  into  a  head  end,  and  per- 
haps rather  more. 

248.  Then  in  that  case  the  air  acquired  substan- 
tially the  heat  of  the  mine  in  passing  through  800 
yards  ?  Yes ; — ^the  temperature  of  the  water  also  at 
the  head  end  was  70  degrees,  the  water  lying  on  the 
flow,  and  being  mixed  with  llie  broken  coaL  There 
are  about  12,000  ouMc  feet  of  air  per  minute  passing 
through  some  stalls  in  the  same  pit.  The  current 
(^airnad  to  traverse  altogether  800  yards,  and  about 
120  yards  of  that  distance  was  face,  where  the  men 
were  working,  and  the  temperature  of  the  air  was  65 
degrees  after  passing  through  the  workings. 

249.  The  temperature  of  the  mineral  being  what  ? 
—70  degrees. 

250.  llie  temperature  of  the  air  was  five  d^;rees 
short  in  tibat  case  ? — Yes ;  it  had  risen  from  58  to 
65  degrees. 

251.  Can  you  associate  that  with  the  quantity  of 
air  ? — In  the  head  end  there  was  a  small  quantity 
of  air  gwng  ;  irom  the  staUs  there  was  aconsideraUe 

ntity  of  ur ;  and  tiie  temperature  was  reduced 
71  degrees  in  the  first  instance  to  65  degrees 
in  the  second  instance,  I  may  mention  that  at  this 
ooUieiy  the  temperature  of  the  return  air  is  consider- 
ahly  ^ected  by  the  temperature  of  the  air  at  the 
surface.  The  temperature  of  the  air  at  the  surface 
being  28  degrees,  Uie  temperature  of  the  air .  in  the 
returns,  after  having  passed  through  about  600  yards 
of  road,  was  56  degrees. 
^  252.  {Mr,  Elliot^  You  have  not  seen  that  your- 
edf  No,  but  the  under-viewer  reads  the  thermo- 
meter every  day,  and,  in  looking  at  his  book,  I  find 
that  when  it  is  bitterly  cold,  the  temperature  in  the 
pit  is  perceptibly  loveraL 

253.  {Chtartndm.)  How  mndi  is  it  lowered  ?— 
When  the  ur  is  about  50  degrees  the  t^peratore 
at  the  pit  bottom  varies  from  68  to  65  degrees ;  but 
when  ^e  surface  temperature  has  been  28  degrees 
the  temperature  of  the  returns  has  been  observed  to 
be  56  degrees. 
354.  {Mn  JHekhuon.)  What  distance  had  that 


air  to  i>ua  dndergcound  P-^At  that  time  it  would 
pfflhaps  be  not  more  than  600  yards,  it  was  only  a 
short  distance.    On  a  cold  day  the   veutilatifm  is 

very  much  improved. 

255.  {Mr.  Elliot.)  How  many  acres  did  that  air 
ventilate  ? — It  was  a  newly  opened  colliery. 

256.  (JIfr.  Elliot.)  How  far  is  the  pit  which  you 
have  just  mentioned  above  the  level  of  the  sea?— 
Between  200  and  300  feet ;  all  the  pits  where  I  have 
experimented  are  about  that  height  above  the  level 
of  the  sea.  In  the  next  cdlliety,  at  Annesley,  the 
temperature  of  the  air  at  the  surface  was  64°,  and 
the  temperature  of  the  air  at  the  downcast  bottom 
was  68"  i  the  depth  beii^  1,425  foet.  The  return 
air,  of  which  the  Tohmie  was  about  10,000  cubic  feet 
per  minute,  travelled  600  jards,  of  which  distance  80 
yards  was  aloi^  the  ftoe  oi  work,  and  whidi  ventilated 
the  heads,  and  passed  40  men  with  lamps,  was  at  a 
temperature  of  67**. 

257.  ( Chairman.)  The  temperature  of  the  mineral 
bemg  what  ?— 780. 

258.  {Mr.  Elliot.)  That  is  a  small  concern,  is  it 
not  ? — It  is  a  newly  started  concern.  The  Kiveton 
Park  Colliery  is  also  a  newly  sunk  pit.  The  temper- 
ature of  the  air  at  the  surface  was  56%  the  depth  was 
1,200  feet,  and  the  temperature  at  the  downcast 
bottom  was  55o.  I  have  made  observations  at  two 
different  times  at  this  colliery.  The  first  time  the 
ventilation  was  extremely  small,  and  there  were 
perhaps  not  more  than  500  enUc  feet  per  minute 
going  up  to  the  head  end,  and  the  temperature  of  the 
air  at  the  head  end  was  72|t°.  About  a  fortnight 
afterwards  the  quantity  of  air  was  perhaps  from 
1,500  to  2,000  feet,  and  the  temperature  in  the  same 
place  was  64^ 

259.  ( Chairman.)  What  was  the  distance  travelled 
in  that  case  ? — Only  about  300  yards.  There  is  a 
colliery,  called  the  Beservoir  Pit,  in  the  Moira 
district  The  depth  is  690  feet  at  the  pit  bottom. 
At  the  bottom  of  the  heads,  which  are  inclined  heads, 
the  depth  is  840  feet.  The  temperature  of  the  air  at 
the  surface  was,  say,  49*^,  and  the  temperature  of  the 
air  at  the  do\vncast  bottom  was  50^.  The  temper- 
ature of  the  air,  after  travelling  along  a  head  1,200 
yards,  was  54|o.  The  current  of  air  going  down 
this  head  was  about  8,000  feet  per  minute.  After 
passing  about  3,000  yards  the  temperature  of  tiie 
air  was  57^  at  the  upcast  bottom. 

260.  {Mr.  Elliot.)  Hadt  he  air  passed  over  many 
workmen  and  horses  ? — In  the  first  case,  when  the 
temperature  was  54|°,  it  had  passed  over  about  two 
men  and  a  pony,  and  lamps  to  suit  them ;  the  tem- 
perature of  the  strata  at  this  pit,  after  exposure  to  a 
current  of  air,  was  56" 

261.  (Chairman.)  ^Vhat  effect  has  the  elevation  of 
the  Eurmce  above  the  sea  level  in  modifying  the 
ratio  of  increase? — I  cannot  speak  to  that  point. 
All  the  pits  where  I  have  experimented  are  from 
200  to  300  feet  above  the  level  of  the  sea,  but  theo- 
retically I  attribute  the  increase  of  the  temperature 
to  the  pressure  of  tite  rocks  above. 

262.  Do  you  suppose  that  the  increase  of  temper- 
ature would  be  constant  as  the  depth  is  increased  ?— 
That  is  my  opinion  at  present. 

268.  And  that  it  would  go  on  in  a  uniform  and  not 
in  a  decreasing  ratio  ?  Experiments  have  been  made 
which  seem  to  show  that  the  increase  goes  on  in  a 
diminishing  ratio ;  your  experiments  would  rather 
lead  to  a  contrary  result  ^Yes,  I  should  anticipate 
a  uniform  increase. 

264.  Supposing  that  a  sinking  was  carried  to  a 
depth  of  3,000  feet,  which,  according  to  the  ratio 
which  you  have  observed,  would  give  a  temperature  of 
about  100°  in  the  strata,  should  you  suppose  it 
possible  to  reduce  the  tempotiture  of  the  air  to  a 
practical  limit  for  woi^tiu;  under  such  drcumstances  ? 
~I  iftioutd  suppose  so.  I  have  made  a  calculation  as 
to  th^  possibility  of  reducing  the  temperature  at  a 
depth  of  i^earN  10,000  feet  I  take  some  of  the  facts 
on  whteh  I  base  my  calculation  from  experiments 
record. by  Mwsieur  Fedet  He  gives  the  amount 
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o£  heat  which  is  giren  off  1^  iron  pipea  filled  with 
vapour,  according  to  the  di&rence  of  temperature 

between  the  air  and  the  pipe.  Adopting  his  formula, 
I  arriye  at  the  following  results  : — Assuming  that  at 
a  depth  of  3,260  yards  the  tempe^rature  of  the  strata 
iB212°Fahr. ;  aaauming  also  a  get  of  1,000  tons  of 
coal  per  diem,  and  assuming  also  that  those  parts  of  the 
air  roads  that  have  been  exposed  to  a  sufficiently  rapid 
current  of  air  for  one  year  will  he  cooled  down  to 
nearly  the  temperature  of  the  air  ;  and  a^nming  that 
the  intake  air  will  have  a  temperature  of  59°,  then  the 
heal  of  tiie  mine  would  rpfse  1,300,000  cuhic  feet 
of  air  per  minute  to  a  temperature  of  79^.  Assuming 
air-roads  of  four  times  the  sectional  area  of  the  air- 
roads  of  a  good  colliery  nowadays,  thofi  amount  of 
wind  could  be  got  with  a  pressure  on  the  water  gauge 
of  &om  6^  inches  to  12^  inches,  and  a  consumption  of 
Irom  35  to  60  tons  of  fuel  per  diem. 

265.  Tou  have  to  work  a  material  which  is  heated 
up  to  the  boiling  point  ? — Yes. 

266.  To  make  it  capable  of  being  handled  you 
must  cool  it  down  to  100°  at  any  rate  ;  how  do  you 
do  that? — It  is  cooled  down  by  the  current  of  air 
passing  over  it. 

267.  3ut  then  you  must  pass  the  current  of  air 
over  the  surface  for  a  long  time  before  you  begin  to 
cut  it,  must  you  not  ? — The  surface  of  the  coal  I 
should  think  wonid  pretly  Booa  be  cooled  down  till 
a  fresh  surface  was  cut. 

268.  But  yon  are  continually  cutting  a  &esh 
surface  ? — Yes  ;  but  with  a  current  of  ur  at  a 
temperature  not  exceeding  79  degrees,  work,  I  think, 
could  be  done. 

269.  {Mr.  Dickinson,)  Do  you  say  that  with  the 
temperature  of  the  coal  at  212**  it  would  take. 
(1,300,000)  one  million  three  hundred  thousand  cubic 
feet  of  lur  per  minute  to '  cool  the  temperature  down 
to  79  degrees  ? — ^Yes. 

270.  And  do  you  state  that  it  would  take  a  certain 
amount  of  fuel  and  a  certain  amount  of  water  gauge 
to  get  that  quantity  of  air  circulated  through  ^e 
mine  ? — ^Tes  ;  that  is,  assuming  the  air-ways  to  be 
four  times  the  area  of  the  air-ways  of  very  good 
collieries  nowa&ys. 

271.  But  if  you  made  them  still  larger  you  would 
reduce  the  friction  ? — Certaiuly. 

272.  Monsieur  Peclet,  of  whom  you  have  spoken, 
is,  as  I  understand,  a  gentleman  of  considerable 
experience,  who  made  at  the  instance  of  the  French 
government  a  most  elaborate  set  of  experiments  upon 
heat,  and  also  upon  the  velocity  at  which  air  travels 
along  chimneys  and  in  up-caat  shafts  ? — Yes. 

273.  And  they  have  been  published,  and  that  is 
now  one  of  the  standard  works  of  reference  ? — I  have 
taken  his  data,  and  I  beUeve  that  they  are  correct. 

274.  '(Afr.  Elliot.)  la  your  calculations  have  you 
estimated  the  excavation  which  would  be  required  by 
the  workii^  of  1,000  tons  a  day,  or  are  you  merely 
limiting  your  observationa  to  the  air-ways?— To  tlw 
air-frays  and  the  length  of  &ce. 


275.  1,000  tons  will  give  yon  a  quarter  of  an  acre  ^ 

•^"T?-— •  Mr. 

276.  That  quarter  of  an  acre  would  be  exposed  Arnold  Lupum. 
every  day  with  a  surface  of  the  same  temperature  as  — 
the  coal ;  how  do  you  propose  to  cool  that,  and  how  20  Jalj  \W!, 
do'  you  dispose  of  all  the  roof  behind  you,  there  may  — — — 
be  perhaps  1,000  acres  where  heat  is  thus  generated  ? 

— But  the  air  can  only  be  heated  1^  the -material  with 
which  it  comes  in  contact,  and  as  the  air  only  comes 
in  contact  with  the  sides  of  the  air-vfayt  and  of  die 
working  places,  I  think  1,300,000  cubic  feet  pier 
.minutQ  will  bo  sufficient  to  dilute  (so  to  speak)  the 
heat  given  off  by  the  mine  sufficienUy  to  make  the 
mine  workable. 

277.  Will  not  there  be  the  same  heat  when  the 
coal  has  gone  as  when  it  hw  been  first  wtn-ked  ? — 
Yes  ;  but  it  remains  latent. 

278.  {Chairman.)  Tk>  you  mean  to  say  that  it  is 
separated  by  a  layer  of  cooled  strata  ? — ^Precisely  bo. 

279.  Then  do  you  think  that  it  is  possible  that 
you  might  have  a  mine  with  a  fire  inside  it  without 
that  heat  spreading  ? — ^Yes  ;  if  the  materials  were 
not  combustible. 

280.  {Mr.  Dickinson.)  When  yon  say  that  it  would 
take  60  tons  of  fuel  to  obtun  a  ventilation  of 
1,300,000  cubic  feet  of  air  per  minute,  so  as  to  obtain 
1,000  tons  of  coal  a  day,  do  you  assume  that  Uiere  is 
to  be  a  furnace  ? — No,  I  assume  an  en^ne. 

281.  Do  you  know  that  one  of  the  results  arrived 
at  by  Monsieur  Peclet  in  his  experiments  is  that  as 
soon  as  you  have  by  a  furnace  heated  the  ur  in  a 
chimney  to  such  a  temperature  that  the  volume  has 
become  expanded  to  twice  the  original  volimie,  you 
have  then  got  to  the  limit  of  furnace  ventilation  on 
account  of  the  increase  in  friction  caused  by  i^e 
increased  bulk  of  the  air  ?— I  was  not  aware  of  that 
before,  but  do  not  doubt  it  is  the  case. 

282.  (CAai7^an.)  .At  any  rate,  I  understand  you 
to  say  that  by  sufficiently  powerful  appliances  to 
produce  ventilation,  you  deem  it  practicable  ^o  maiu- 
tain  a  disparity  in  the  mine  between  the  temperature 
of  the  circulating  air,  and  of  the  mine  itself ;  the 
temperatnres  being  rapectively  80  d^reee  and  212 
d^rees  ? — Yes ;  tjiat  is  qnite  possible. 

288.  Are  you  aware  of  uiy  case  in  practice  in  any 
degree  approaching  to  that  ? — I  am  aware  of  no 
mine  in  which  that  is  the  case. 

284.  What  is  the  greatest  disparity  which  you  are  , 
aware  of  as  existing  betfreen  the  mineral  heat  and 
the  air  heat  ?-r-At  Hucknatl  Torkhard,  the  tempera- 
ture of  the  return  air  was  as  low  as  56  degrees,  the 
temperature  in  a  newly  cut  part  of  the  mine  being  70 
degrees. 

285,  {Mr.  Elliot.)  That  you  say  was  in  a  very 
small  area  ? — ^Ycs.  I  may  state  that  I  have  observed 
the  temperature  of  the  aie  in  several  mines  to  be  the 
same  on  a  Sunday  as  on  working  days;  shewing 
that  the  amount  of  heat  given  off  by  l^e  men  ana 
horses  is  not  very  inqwrtant.  .The  amount  of  heat 
radiated  frmn  a  man  might  be  calculated  by  surgeons. 


The  witness  withdrew. 


A^onmed  to  Wednesday,  I7th  June,  at  12  o'clock. 


Jfr.  Brown's  euidmee  on  same  day  has  Twi  yet  been  relmmed  by  him  in  MS. — J-wne  28d,  1869. 
Ufay  IZth,  1869.   It  ie  to  he  placed  at  ihe  end  uAen  U  ie  got,  <imd  ^H.nUd,   (See  page  A  77.) 
The  mamtscript  waa  sent  to  Mr.  Brown,  May  26<A,  1868  (No.  90S),  and  a  letter  has  been  seiU 
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jj^^^  A.— Meetrng,  June  17, 1868. 


FBBSEKT: 


1.  Sir  W.  Abhstbong  in  iha  Chair. 

2.  11b.  DicKiNSOir. 

3.  Mb.0eddi8. 


4.  Mb.  Habtlet. 
6.  Mb.  Woodhouse. 


1.  The  Minutes  of  last  Meeting,  May  20th,  were  read  and  signed. 

2.  As  to  Minute  3,  the  Secretary  reported  that  he  had  caused  the  replies  to  Circular  A  I  to  be 
made  up  in  a  form,  which  he  submitted  for  the  iq>proTal  of  the  Committee,  to  form  part  of  the 
Appenduc   See  894.  978. 

The  correspondence  was  produced.  Also  a  proof,  consisting  of  Circular  A  1,  with  a  note  of 
the  numbers  issued,  followed  by  the  replies  returned  so  &r,  which  have  been  revised  by  the  authors, 
and  which  are  now  made  up  in  double  columns.  Should  further  rn)lies  be  sent  they  can  be  added. 
This,  when  complete,  may  be  placed  either  before  or  after  the  evidence  taken  viva  voce  by  Com- 
mittee A.  The  Committee  approved  the  plan,  and  directed  the  Secretary  to  circulate  copies,  one  to 
each  member.    Of  these  five  were  given  to  the  Tnernbers  preaentf  amd  the  rest  were  emi. 

3.  Proo&  vivd.  voce  evidence,  so  &r  as  prepared,  were  produced,  and  copies  were  given  to  the 
members  present  (5). 

4.  The  accounts  of  Mr.  Hull,  941,  and  Mr.  Lupton,  962,  were  submitted  to  tiie  Committee ;  and 
the  Secretary  was  directed  to  inform  these  gentlemen  that  their  accounts  are  under  consideration^ 
and  that  in  every  case  they  will  have  to  be  approved  \sj  the  Treasury.  The  Secretary  was  further 
directed  to  ascertain,  in  the  meantime^  whetho*  chaiges  such  as  axe  made  in  these  two  aooounts 
will  be  passed. 

Jime  17.  The  Secretary  aeirtt  a  copy  of  this  minute  to  eat^  of  theae  geyUUmmt  cmd  ooUed  at 
the  Treasury. 

5.  With  reference  to  Minute  6,  the  Secretary  reported  that  he  had  written  as  desired  to 
Mr.  Webster  and  to  Mr.  Wynne.    887,  888,  May  21. 

6.  The  correspondence  from  891  on  File  A.  was  produced.  With  reference  to  899,  the  request 
of  Mr.  Wynne,  was  not  complied  with,  because  the  evidence  was  not  ready.  After  the  meeting,  a 
complete  set  of  the  evidence,  so  far  as  printed,  was  lervt  to  Mr.  Wynne,  wi^A  the  uTider^cmdmg  that 
he  will  keep  U  private,  and  it  vtaa  rehn/med  by  Mr.  Wyrme  n^ast  day.  , 

7.  The  Secretary  was  directed  to  write  to  Alfred  Hewlett,  Esq.,  Wi^an  Coal  and  Iron  Company, 
Wigan,  to  the  following  effect : — 

The  Committee  understand  that  Mr.  Hewlett  is  in  possession  of  a  record  of  the  temperatures 
observed  in  sinking  the  deep  Lyndsay  pts,  and  they  will  feel  obliged  if  Mr.  Hemett  will 
fevour  them  with  a  copy  of  the  record. 

8.  The  Secretary  was  directed  to  write  to  Warrington  Smythe,  Esq.,  Museum,  Jermyn  Street,  and 
to  ask  him  to  be  so  good  as  to  attend  the  next  meeting,  July  15,  to  give  evidence  as  to  the  increase 
of  temperature  in  mines. 

9.  Also  to  write  to  Mr.  Elliot  that  the  Committee  are  very  aozious  to  dose  this  branch  of  tiieir 
inquiry,  and  they  will  be  particularly  obliged  to  Mr.  Elliot  if  he  will  attend  and  give  his  evidenoe  as 
to  the  increase  jof  temperature  at  the  next  meeting  on  the  15th  of  July  at  noon. 

The  Secreta/ry  wrote  accordi/agly. 

10.  The  Committee  took  evidence  of  Mr.  Wynne  as  follows. 

W.  G.  Abhstbono. 


T.  Wynne,  Thouas  Wynne,  Esq.,  in^^tor  of  i 

£tq. 

  286.  (C&otrman.)  I  understand  that   yon  are  a 

17  Jane  1868,  niini|>g  engineer  ? — am. 

287.  And  yota  are  Grovemment  Inroector  for  a 
certain  collieiy  district  ?— Tea,  Korth  Stafibrdshire, 
Shropshire,  and  Cheshire. 

288.  Ton  understand  what  is  the  particular  subject 
of  our  inquiry  at  the  present  moment,  namely,  to 
ascertain  the  temperature  of  mines,  both  the  tempera- 
ture of  the  air  and  the  temperature  of  the  strata  ? — 
Te8y  and  the  increase  whidi  there  is  the  deeper  you 
go- 

289.  The  Committee  will  be  glad  to  hear  from  you 
the  result  of  your  observation  and  experience  ?~0n 
the  9th  of  June  I  made  experiments  at  the  Astley  pit 
of  the  Dukinfield  Colliery,  which  is  686  yards  deep ; 
bat  the  level  is  driven  out  at  672  yards. 

290.  Is  this  the  deepest  pit  in  Great  Britun  ? — ^It 

is. 

29j.  The  depth  is  686  yards  at  the  bottom  of  the 


nes,  Stone,  Staffordshire,  examined. 

shaft  ? — ^Tes,  14  yards  are  used  as  cage  room  and  as 
lodge  room  for  water. 

292.  That  is  below  the  level  ?— Yes  ;  672  yards  is 
the  depth  where  they  are  working  the  coals  on  the 
level  from  the  bottom  of  the  pit 

293.  What  is  the  greatest  depth  which  they  lead  ? 
— They  have  driven  dovn  330  yards  from  that. 

294.  What  depth  is  that^  belovr  the  snr&oe  ?— It 
will  be  782  yards,  taking  an  incline  of  12  inches  in  the 
yard, 

295.  {Mr.  Diekuwm^  Should  not  the  &11  of  the 
surface  be  taken  off? — ^There  is  B(nne  little  fkll ;  it  is 
only  about  10  yards. 

296.  {Chairman.)  Taking  off  those  10  yards,  what 
does  it  leave  for  the  total  depth  ? — 772  yards. 

297.  'What  do  your  results  show  at  those  depths  ? — 
I  find  that  on  we  snrface  the  temperature  was  55 
degrees.  At  the  bottom  of  the  shaft  it  was  on  the 
average  63  d^rees,  it  varied  from  62  to  64  d^jrees. 
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The  witness  deliverd  in  the  following  Table. 
DoEiNFiELD  CoxxiBRY. — Experiments  made  at  Astley  Fit,  June  9ch,  1868. 
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*  BSHABES. — Ceased  winding  for  dinner. 

t  fiovo-bole  not  nady  at  bottom  of  shaft  until  12  '30. 

Depth  (tf  shaft  686  yard^  to  shaft  level  678  yards. 
ImvenrtiUstnHwiimatltfokmk,<S°{  inoabinatpu  bott(mi,65i°  to6ff';  at  3S0  TUds  dovn  inclioe  the  air,  in  a  thirling  in 

adranco  of  the  air  onrrent,  76°. 
Instnnnenfai  were  dinged  and  reglatered  the  samo. 
rrcssnre  an  the  surito  80  Indwa. 
BoroJioIei  in  coal  floor  Bind  roof  3  ftw  t  dcrp. 

Thouab  Wynne, 

Inspector  of  Mines, 
Stone. 


A  21 

T.  Wynne, 
Esq. 

17  June  18S8. 


298.  Do  yon  know  the  temperature  of  the  strata 
when  the  colliery  was  first  sunk  ?— Yes  ;  a  report 
whldi  I  have  seen  shows  it  to  have  been  75  d^ees, 
and  the  strata  since  that  period  has  cooled  to  the 
extent  of  nearly  10  degrees. 

299.  How  were  the  obserrations  taken? — ^Bore- 
holes were  made  fbr  the  purpose  of  inserting  thermo- 
meters ;  the  instalment  was  inserted  in  the  bore-hole, 
and  it  was  plugged  np  with  a  wooden  ping,  and  was 
allowed  to  remain  in  from  half  an  hoar  to  an  hour, 
there  being  no  difference  perceived  by  the  extra  time. 

300.  This  table  shows  the  temperature  of  the  air 
at  770  yards  deep  t»  range  68  degrees  ? — Tea. 

301.  Being  an  addition  of  13  degrees  ? — Yer. 

302.  Or  it  would  be  an  addition  of  18  degrees  upon 
the  mean  temperature  at  the  depth  of  uniform  tem- 
perature ?— Tea ;  aud  there  it  shows  the  floor  to  be 
in  neu'ly  every  instance  2  degrees  hotter  than  the 
roof. 

:  308.  What  we  may  call  the  mineral  temperature 
ranges  from  74  to  77  d^prras  against  68  d^rees  ^— 
Tes. 

804.  Bo  these  mineral  temperatures  agree  with 
what  they  were  when  the  observations  were  taken  in 
tiie  early  stage  of  the  mine  ? — They  do  agree ;  but  if 
the  air  was  brought  to  a  lower  temperature  in  every 
case,  it  shows  that  the  strata  would  cool  with  it. 

305.  Is  the  mine  actually  cooled  by  exposure  ? — 
Yes,  it  shows  that  it  does  so,  for  there  waa  one  experi- 
ment made  with  the  air  in  a  place  at  the  bottom  of 
this  dip,  where  there  was  no  current  of  air  at  all ; 
that  shows  75  d^irees,  but  where  the  air  passed  it  was 
68  degrees. 

306.  Has  the  temperature  of  the  strata  in  a  bore-bole 
made  at  this  distance  of  330  yai-ds  from  the  shaft 
diminished  since  the  colliery  was  wfm  ? — No. 

307.  Are  you  aware  what  the  temperature  was  ? — 
It  was  75  d^ees  on  Mr.  Hunf  s  evidence. 

308.  Then  it  has  been  constant  since  the  fimnaticat 
of  the  colliery  ?— Yes,  except  where  cool  air  was 
introduced. 

309.  My  question  has  not  any  reference  to  ventila- 
tion, it  is  simply  whether  the  actual  temperature  of 
the  mine  has  been  reduced  since  the  mine  was  opened  ? 
—It  has. 

310.  You  have  said  tiiat  that  is  at  the  bottom  of  the 
shaft.  I  want  to  know  whether  that  has  been  the 
case  elsewhere  ? — ^At  1,200  yards  along  the  level  it 
ai^ears  to  be  74  degrees. 

O 


311.  What  was  it  before?— 75  degrees.  At  330 
yards  down  the  incline  it  is  8  degrees  cooler  than 
at  388  yards  up  the  incline,  clearly  showing  that  the 
introduction  of  fresh  air  will  cool  the  strata. 

312.  Your  next  column  gives  the  temperature  at 
1,600  yards  along  the  north  level  ? — ^Yes. 

813.  What  will  be  the  depth  there  ?— The  same  as 
at  the  shaft,  672  yards. 

314.  At  a  Imiger  distance  the  temperature  is 
higher  ? — ^Yes ;  at  1,200  yards  the  coal  is  74  degrees, 
at  1,600  yards  it  is  75  degrees. 

315.  At  330  yards  the  temperature  of  the  air  is  68 
d^ees,  and  at  1,600  yards  it  is  74  degrees  ? — Yes. 

316.  The  roof  also  and  the  floor  show  a  difference 
of  78  degrees  against  74  degrees,  and  of  78  degrees 
against  76  degrees  ? — Yes. 

317.  The  next  oolnnm  is  1,200  yar^  along  shafl 
level  ? — ^Yes. 

318.  What  is  the  depth  there  ? — It  is  the  same 
depth  as  at  the  pit  bottom,  or  slightly  above  it,  it  is 
nearly  level ;  you  may  caU  it  the  same. 

319.  That  is  nearly  the  same  as  the  1,600  yards, 
being  a  little  under  ? — ^Yes. 

320.  At  1,600  yards  along  tho  shaft  level  you  have 
a  little  higher  temperature,  showing  in  botli  cases 
that  increase  of  distance  produces  increase  of  tempera* 
ture  ? — ^Yes. 

321.  The  next  is  at  388  yards  above  the  1,600 
yards  ? —  Yes,  there  the  temperature  ■  increases 
materially-  That  shows  that  there  is  great  leak^e 
which  causes  it.  The  temperature  runs  about  76  to 
77  degrees  ;  that  is  owing  to  defective  ventilation. 

322.  What  is  the  depth  there? — The  inclinatimi 
is  15  inches  to  the  yar^;  that  would  be  about  162 
yards,  which  would  give  a  depth  of  510  yards. 

323.  So  tiiat  at  a  less  depth  yon  have  a  higfae 
temperature  owing  to  inferior  ventilation? — ^Yes; 
and  my  reason  fw  saying  so  is  that  the  temperature 
of  the  return  an-  at  any  time  is  only  73  d^rees. 

324.  But  you  do  not  mean  to  say  that  the  ur  which 
is  circulating  in  this  particular  part  at  76  degrees 
comes  down  at  any  time  to  73  degrees,  do  you  ? — 
Yes,  by  mixing  with  the  leakage  and  the  lower 
temperature  of  air.  I  noticed  that  in  the  sun 
the  temperature  of  the  air  which  goes  down  the  shaft 
was  taken  at  2  o'clock,  when  it  was  62  d^rees,  but 
when  the  air  got  to  the  bottom  of  the  shaft  it  had  not 
increased  more  than  2  d^rees. 

325.  (ifr.  Elliot.)  Would  this  be  something  lilte 
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A  22  normal  state  of  ventilation  ip  the  pit,  or  would  it 

T.  Wumu  affected  in  the  same  ratio  by  the  difference  of 

Esq^^'     temperature  on  the  surface  ?— It  was  not  so  affected, 

  or  very  slightly.   At  the  time  -when  the  sun  was 

7  June  1868.  shining  very  brightly  the  temperature  fell  off  when 

  they  ceased  winding,  when  there  was  a  free  course  for 

the  air  to  come  down  the  shaft  It  decreased  4 
degrees  in  going  down  the  shaft,  as  compared  with 
the  temperature  in  the  shade. 

326.  It  does  not  seem  to  have  been  a  very  hot  day, 

tlie  temperature  being  55  degrees  on  the  surface  ?  

No  ;  it  was  not  a  very  hot  day  until  the  mn  broke 
out  about  2  o'clock. 

327.  {Chairman.)  Is  the  circulation  very  ample  ia 
this  mine  ? — ^It  is  not,  and  never  has  been. 

328.  Then  would  the  temperature  be  further 
reduced  if  the  quantity  of  air  were  increased  as  far 
as  practicable  ? — I  tliink  very  much  indeed.  I  think 
that  there  ought  not  to  be  more  th^  2  degrees 
between  the  end  of  the  level  and  tiie  bottom  of  the 
shaft,  . 

329.  Taking  this  level  of  1,600  yards,  we  find  the 
temperature  at  the  end  74  degrees,  which,  against  the 
mean  temperature  at  the  surface  of  50  degrees, 
would  give  an  increase  of  24  degrees  ? — ^Yes. 

330.  With  the  best  possible  ventilation  to  which 
you  could  have  recourse,  do  you  think  that  that 
difference  of  24  degrees  could  be  reduced  ? — I  think 
that  there  would  be  no  diflSculty  at  all  in  bringing 
it  down  to  66  or  67  degrees. 

331.  The  temperature  in  the  mine,  I  presume,  does 
not  materially  vary  ? — No. 

332.  The  comparison  is  best  made  between  the 
actual  temperature  below  and  the  mean  temperature 
above ;  the  mean  temperature  above  being  50  degrees, 
and  the  actual  temperature  below  being  74  degre^ 
we  have  a  difference  of  24  degrees,  and  the  question 
i.s  how  much  that  temperature  could  be  reduced  by 
better  ventilation  ? — It  would  be  reduced  to  a  very 
great  amount,  which  is  proved  in  this  way.  At  330 
yards  down  tiio  incline  the  highest  temperatura  is  68 
degrees,  whilst  at  the  end  of  the  level  it  ia  74  degrees. 
Now  at  a  greater  depth  there  ought  to  be  a  greater 
heat. 

333.  But  the  greater  distance  tells  upon  it ;  in  the 
one  case  you  have  only  330  yards,  and  in  the  other 
case  1,600  yards  ? — Then  there  ought  not  to  be  more 
than  2  degrees  between  the  one  and  the  other  ;  the 
one  has  to  take  up  the  warmth  of  this  330  yards,  and 
the  other  has  not  to  take  up  any  more  than  the 
temperature  of  the  coal,  which  is  shown  to  be  only  73 
d<^e8  whore  it  is  at  1,200  yards,  and  when  it  gets 
to  1,600  yards  it  is  74  degrees,  and  that  is  too  much. 

334.  We  have  the  mean  temperature  above  ground 
at  50  degrees,  and  we  have  68  degrees  at  330  yards 
in  the  mine,  being  a  difference  of  18  degrees  ? — Yea. 

335.  At  that  point,  namely,  at  the  330  yards  is  circa- 
lation  abundant  ? — ^Tes,  the  circulation  is  there  good. 

336.  And  with  a  good  dreulation  you  still  get  a 
difference  of  IS  degrees  ? — Yes  ;  but  this  is  newly 
driven,  it  was  driving  on  that  day. 

337.  Is  it  not  also  newly  driven  at  1,200  yiu-ds? 
-—No,  that  has  been  driven  for  four  or  five  years. 

338.  At  1,600  yards,  at  the  end  of  the  level,  is  it 
newly  driven  ? — No,  that  been  driven  for  many  years. 

339.  Then  they  are  not  fair  subjects  of  comparison  ? 
— ^No,  the  temperature  at  this  330  yards  I  have  no 
doubt  will  bo  brought  down  to  something  like  60 
degrees  when  a  free  circulation  takes  place  after  it  is 
properly  driven. 

340.  Then  with  abundant  circulation  at  330  yards 
you  may  evwitually  anticipate  that  the  differences  of 
temperature  will  be  reduced  to  10  degrees  ? — ^Yes  ; 
at  330  yards,  where  there  is  no  circnUUion,  the  air 
is  75  degrees ;  that  proves  what  ventilation  will  do, 
because  the  temperature  is  67  or  68  degrees  in  the 
ur,  and  a  yard  out  of  the  air  it  is  75  d^rees. 

341.  Yiewing  all  these  matters  as  yon  have  stated 


them,  what  is  your  opinion  as  to  the  practicable 
reduction  of  temperature  at  this  distance  of  1,600 
yards  from  the  shaft;  it  ia  now  74  degrees,  how 
much  do  you  expect  that  you  will  be  able  to  get  it 
down  ?— I  should  have,  in  my  opinion,  no  difficulty  in 
Todttcing  it  5  degrees  at  the  &r  end. 

342.  Reducing  it  to  69  degrees  ?_ Yes.  There 
would  be  no  difficulty  at  all  in  the  matter  if  the  air- 
ways were  properly  attended  to. 

343.  (Jtfft  Geddfs.y  Wom  that  involve  much 
additional  expense  ?— It  would  now  to  alter  this 
mine,  but  not  in  a  new  mine. 

344.  (Chairman.)  If  it  had  been  done  from  the 
first  there  would  not  have  been  any  difficulty  ?— None 
at  all  There  would  have  been  cheaper  working  of 
the  coal.  * 

345.  (J/r.  Geddes.)  Then, you  cont^plate  ianrer 
shafts  and  larger  air-ways  ?— Yea. 

346.  (Chairman.)  In  the  event  of  a  new  winning 
bemg  undertaken,  what  should  you  think  it  practiV 
able  to  reduce  the  temperature  of  the  air  to  at  « 
depth  of  672  yards,  and  at  a  distance  of  1,600  yards 
from  the  shaft,  without  incurring  any  additional 
expense  ?— I  do  not  see  the  ^hfest  difficulty  in 
working  it  at  10  degress  less  than  it  is  worked  at 
here  at  the  &r  end. 

347.  That  would  be  64  degrees?— From  64  to  65 
degrees. 

348.  Have  you  made  observations  on  the  temper- 
ature in  other  deep  mines  ?— Yes,  but  I  have  none  so 
deep  as  this.  I  have  made  observations  in  one  mine 
where  they  are  out  more  than  500  yards  from  the 
shaft,  and  the  temperature  only  varies  2  degrees 
between  the  far  end  of  the  level  and  the  bottSn  of 
the  shaft, 

849.  (Mr.  J)ie^»nnm.)  It  seems  that  your  experi- 
ments were  taken  over  times  varying  ft-om  12  o'clock 
m  the  day  until  half-past  3  in  the  afternoon  ?— 
Yes. 

350.  During  that  time  the  temperatire  on  the 
surface  varied  5  degrees ;  it  varied  from  55  to  60 
d^rees  ? — Yes. 

351.  But  the  temperature  at  the  bottom  of  the 
shaft  only  varied     degrees  P— Just  so. 

352.  As  tliough  there  had  only  been  a  certain 
amount  of  latent  heat  in  the  air  to  be  elicited  by  the 
pressure  occasioned  by  the  depth  of  the" ^haft " — 
Yes. 

353.  The  temperature  of  the  air  at  the  bottom  of 
the  shaft  m  no  instance  exceeded  64  d^eea  ?— Just 
so.   That  is  not  a  fair  trial. 

354.  But  that  Is  in  the  table  ?— It  #as  when  we 
first  went  down. 

355.  (Chairman.)  You  can  make  any  varialion  of 
the  table  which  occurs  to  you  ?— Yea,  I  think  that  it 
was  my  hand  which  wartied  the  thermometer  in  that 
one  case, 

356.  (Mr.  Dickinson.)  At  1,200  yards  along  the 
shaft  level  you  have  this  temperature  increased  no 
to  73  degrees  ? — Yes. 

357.  And  at  1,600  yards  along  the  shaft  level  it  is 
increased  up  to  74  degrees  ?— It  is. 

358.  When  the  shaft  was  originaUy  sunk  the 
temperature  of  the  ground  at  the  bottom  was  75 
degrees  ? — Yoe. 

359.  You  find  now  that  the  temperature  of  that 
ground  is  reduced  to  66  degrees  ?— It  is. 

360.  By  exposure  to  the  air  the  actual  temperature 
^  the  earth  m  the  same  pit  is  reduced  10  de^es?— 
Xes. 


in  was  that? — The 


361.  (Chairman.)  How  &r 
bore-holes  were  all  3  feet. 

362.  (Mr.  Dickinson.)  Were  they  aU  pUigged  up 
in  the  same  way  ?_Yes ;  but  I  was  Vetr  much 
Btnick  at  finding  that  in  the  cabin  dose  to  the  bore- 
hole the  temperature  was  the  aaioe  aa  ia  the  bore- 
hoie. 
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363.  At  1,200  yards  along  the  shaft  level  yon 
found  that  the  temperature  of  the  ground  was  74 
deigreeB  ? — Yes. 

^4.  That  is  J  degree  lower  than  it  was  in  the 
shaft  when  It  was  first  sunk  ? — ^Yes. 

365.  At  1,600  yards  along  the  shaft  level  ^ou  find 
diBt  the  temperature  is  76  degrees,  and  that  it  is  not 
at  all  reduced  ?— Tes.'  I  &ink  that  that  is  attribut- 
able to  there  buBg  old  workings  bey<Hid  the  end  of 
HiatlereL 

366.  (Jfr.  Geddes.)  Do  you  communicate  widi  the 
old  workings  at  that  point  ?■ — They  work  up  close  to 
them.  I  draw  that '  inference  because  here  is  one 
observation  taken  along  the  north  levoL  Tou  will 
see  that  along  the  nort£  level  the  roof  and  floor  arc 
78  degrees.    That  is  close  up  to  the  old  workings. 

367.  {Mr.  Dickinson.)  You  find  that  the  temper- 
ature at  1,600 'y^B  along  the  shaft  level  is  now  76 
d^irees  in  the  ground  ? — Yes,  and  75  degrees  in  the 
roof. 

368.  And  th^  going  up  bnnr  nndl  you  get  a 
d^Oh  tnap.  the  sn^a^^  Tedncedtq  only  510  yards, 
you  find  that  the  air  hias  increased  up  to  76  degrees 
of  temperature  ? — ^Yes. 

369.  And  that  even  in  that  shallower  dep^  yon 
have  the  floor  increased  in  temperature  np-to  that  of 
die  air  ?— Yes* 

370.  Showing  that  the  ventilatioq,  which  has 
become  heated  in  the  lower  workings,  has  actually 
imparted  some  of  i£s  Heat  to  the  strata  in  these  up 
and  down  shalloweF  workings  ?~YeB.  I  believe  that 
the  air  passing  by  the  side  of|  the  old  workings  has 
taken  up  some  of  the  warmth  which  is  given  oS  from 
the  side  of  those  old  v#tii*kiiig8,  and  has  imparted  it  to 
Ae  strata  a^oinia^,  and  from  that  I  draw  the  in- 
ference that  a  thorough  venUlation  will  reduce  the 
working  properties  of  a  mine  to  a  state  in  which  a 
man  can  properly  work  if  it  is  1,000  yards  deep. 

371.  Did  you  t^e  the  amount  of  an  -nrhich  was 
circulated  through  the  mine  ?— J  could  not.  I  ex- 
pected to  have  done  so,  but  my  anemometer  was 
broken.  It  is,  I  believe,  about  58,000  cubic  feet  per 
minute.  I  should  not  like  to  state  it  without  mea- 
suring. 

372.  How  many  seams  are  they  working  in  the 
pit  ?— Two. 

373.  Are  all  of  them  mines  giving^  ofiT  fire-damp 
largely  ? — Yes. 

374.  I  see  that,  although  the  temperatures  on  the 
snrfhoe  vary  5  d^rees,the  tempraratnres  in  the  workings 
after  pasring  a  certun  pmnt  an  constant  at  76  degrees  i 
—Yea. 

375.  {Chairman.)  Showing  that  the  accidental 
temperature  of  the  air  has  nothing  to  do  with  it,  and 

that  the  real  point  of  comparison  is  the  temperature . 
in  the  mine  compared  wiUi  the  temperature  at  50 
feet  ? — ^Yes,  and  all  my  experiments  go  to  show  that. 

376.  All  our  evidence  shows  that  when  you  get  a 
considerable  depth  inwards  the  external  temperature 
seems  to  make  no  difference  at  all  T-^Just  so. 

377.  {Mr.  Geddes.)  I  gather  from  you  that  you 
would  not  see  any  difliculty  in  reaching  much  greater 
depths  than  this  table  states? — Just  so.  I  do  not 
aeeany. 

378.  Have  you  in  your  district  much  cont^plated 
tliat  question? — I  luive.  I  have  gone  rather  care- 
fblly  into  that  snl^ect  since  the  question  has  been 
mooted,  and  iu'  the  district  -v^i&x  which  I  am-  so 
intimately  connected  oar  dip  Is  in  excess -of  that  in 
the  north  country.  I  think  that  9  inches  in  the 
yard  is  about  our  average,  and  that  has  led  me  to 
calculate  what  we  could  do  to  make  a  lasting  district 
in  Staffordshire. 


379.  At  what  limit  have  you  arrived  in  your  now 
judgment  ? — I  do  not  see  that  there  need  bo  any  limit 
except  winding.  As  far  as  temperature  goes  I  do  not 
see  that  there  need  be  any  limit  down  to  1,500  yards, 
the  shafts  being  large  enough,  and  there  being  good 
mining  engineers  to  lay  out  the  works. 

380.  {Chairman.)  And  it  is  upon  the  assumption 
that  the  passages  will  be  driven  at  Itmg  distances 
from  the  shafts  ?— Yes.  Some  of  the  hottest  work- 
ings which  I  have  in  my  district  are  quite  as  hot  as 
this,  and  they  are  not  more  than  150  yards  deep. 

381.  That  I  suppose  is  ftom  inferior  ventiktion  ? 
— Yes. 

382.  (Mr.  Geddes.)  Have  you  gone  into  the  prob- 
able additional  expense  which  you  would  bo  at  in 
reaching  those  depths  in  bringin{?  the  coal  to  bank  ? 
— No  ;  that  is  a  subject  into  which  I  have  not  gone, 
but  the  coai  will,  not  be  of  bo  good  a  quality ;  every 
thing  has  led  mo  to  believe  that  the  coal  will  be  of  a 
worse  qufdity  the  deeper  we  go. 

383.  Have  you  any  ascertained  grounds  for  that 
belief? — I  have  never  seen  a  mine  improve  in  quality 
after  it  was  100  yards  deep.  • 

384.  Does  it  deteriorate  ? — Yes,  the  pressure  tends 
to  make  more  small  coal  and  less  large  coal.  In  this 
mine  there  is  great  difficulty  in  keeping  a  bore-hole 
in  the  mine  itself. 

385.  (Chairman.)  Does  it  squeeze  together ? — 
Yes. 

386.  (Jlfr.  Dickinson.)  Have  they  h&m  very  care- 
ful in  -  not  gettiBg  any  of  the  coal  back  undl  they  got 
to  the  extremities  ? — Ko. 

387.  The  evidence  of  Mr.  Knowles,  who  has  been 
examined  before  this  Commission,  is  that  in  their 
mines  and  npon  their  mode  of  working  they  prac- 
tically make  the  same  coal  as  at  shallower  depths  ? — 
I  hope  that  they  will  find  it  so  ;  they  will  find  that 
there  will  be  a  crush  in  tho  face,  which  cannot  be 
avoided. 

388.  This  evidence  is  that  the  workings  are  very 
large  workings,  and  that  they  keep  this  pressure  off 
the  coal  by  means  of  buttresses  about  3  yards  in 
width,  every  10  or  12  yards  apart  ? — do  not  think 
that  it  can  be  done. 

389.  (Chairman.)  What  system  do  you  principally 
adopt  ? — The  long-wall  system  chiefly. 

390.  And  you  find  with  the  long-wall  system  that 
the  pressure  increases  the  amount  of  smeJl  coal  P — 
Yes. 

391.  And  you  do  not  see  your  way  to  avoid  that 
—I  do  not. 

392.  I  think  that  from  the  experiments  which  were 
originally  made  on  the  temperature  of  thi»  Dukinfield 
mine,  it  was  shown  tliat  the  increment  of  temperature 
was  about  1  degree  in  80  feet;  have  you  found  it  to  be 
so  ? — I  betiere  so. '  I  have  found  it  vary  acoording  to 
the  different  stAta  vriiicfa  have  bera  gone  through. 

393.  The  diagrun  indioates  a  great  variation,  but 
the  average  is  about  1  degree  in  80  feet  ? — Yes. 

394.  That  is  a  lower  increment  than  has  been 
observed,  I  think,  in  any  other  colliery  upon  which 
we  have  any  information ;  in  general  tho  increment 
is  about  1  de^!ee  in  55,  w  from  55  to  60  feet  ? — Yes,  but 
very  much  depends  upon  the  mode  of  taking  it.  In 
sinking,  if  they  did  not  bore  the  hole  a  go^  depth, 
and  keep  it  there  foe  some  time,  there  woald  be  an 
alteration.  The  ur  will  very  sooi  cool  down  the 
sides.  I  have  tried  experimetats,  and  have  found  it 
myself  to  be  so. 

395.  If  the  increment  in  this  mine  were  the  same 
as  in  others,  then  of  course  these  <Iiflerences  of  tem- 
perature would  be  greater  ?— They  would.' 
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A  24 
T.  Wfime, 

17  June  1868. 


The  following  letter  was  reeeived  from  Mr.  Webster 


Theruohetrjcal  Observations  taken  at  the  Ruabon 
Coal  Co.'b  (Limited)  new  deep  pits  at  Hafod,  near 
Kuabon,  North  Wales,  from  May  20th,  1868. 
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"  June  16th,  1868. 


"  BoBT.  Chas.  Webbteb, 
Manager, 

pr.  A.J.B." 

Adjourned. 


7%e  following  letter  woe  read,  and  is  added  to  the 
evidence  tdhen  June  17<A,  1868  : — 

"  Joseph  Dickinson,  Esq., 

"Field  House,  Chester, 
«  Dear  Sir,  4th  June  1868 

"  The  following  is  the  information  which  I  can  find 
of  the  temperature  of  the  strata  in  the  Norley  Coal 
Company's  de^  pit  near  Wigan : — 


DepOL 

Strata. 

Temp. 

Temp. 

yds.  ft.  in. 

Pit 

Hole. 

3M  a  7 

DaifcMetaL 

7a** 

75" 

400    I  10 

Bur  Stone. 

77° 

427    1  5 

Lin  and  WooL 

78" 

7BP 

M9   S  4 

BnrStcow. 

71- 

75* 

49fi   S  1 

lin  and  Wool. 

Iff 

80° 

"  These  particulars  were  kept  under  Mr.  Whidey'B 

dii'ections. 

"  The  variation  of  tnaperature  at  Tarions  depths  was 
also  kept  bj  Mr.  Peace  in  the  sinking  of  the  Lindsay 
pits,  but  I  have  not  got  a  copy  of  them.  I  iiare  no 
doubt  but  that  Mr,  Hewlett  haa  them. 

"  I  am  sorry  that  the  information  is  so  meagre,  but 
such  as  it  is  you  are  welcome  to  it. 

"lam, 

*  Tours  truly, 

"  JOHH  ThOKPSOK." 


A.— 9^  Meetmg,  July  15, 186& 

PBESGNT ; 

1.  Sir  W.  Abubtbong  in  the  Chair. 

2.  Mb.  Dickinson. 

3.  Mb.  Geddes. 

Minutes.  A  letter  was  read  from  Mr.  Woodhouse  regretting  bis  inability  to  attend. 

1.  The  Minntes  of  the  last  Meeting  were  read  and  signed. 

2.  Mr.  Franks,  who  has  undertaken  the  duties  of  the  Secretary,  read  the  following  note : 

"  As  to  Minute  4,  June  17th,  the  Secretary  was  informed  at  the  Treasuiy  Uiat  the  authorities 
will  be  disposed  to  pass  accounts  which  the  Committee  consider  essential  if  tbej  will  certify  the 
amounts,  and  direct  the  Secretary  to  pay  them." 

Before  deciding  upon  the  matter, 

4.  Read  letter  from  the  Home  Office,  of  the  8th  July,  with  the  Treasury  Minute  enclosed,  and  the 
answer  of  the  14tli  thereto  from  "iSx.  Franks,  sent  by  direction  of  the  Chairman  (the  Duke  oi 
Argyll);  whereupon, 

6.  The  Committee  decided  that  they  are  unable  to  give  any  dedsion  until  the  question  raised 

in  the  above  correspondence  is  settled. 

6.  Mr.  Franks  was  directed  to  write  to  Mr.  Elliot  as  follows  : 

That  the  Committee  are  fully  depending  upon  Mr.  Elliot  to  give  the  evidence  which  he  kindly 
promised,  and  irw^  that  he  will  be  able  to  arrange  to  attend  for  this  purpose  at  tiieir  next  Meeting; 
-which  wOl  be  held  on  Wednesday,  the  14th  October,  at  noon. 

Mr.  Framks  wrote  aceordvngly. 

7.  The  correspondence  on  file  A  was  read. 

Adjourned  to  Wednesday,  14th  October. 

W.  G.  ABKSTBONa 
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A,— loth  Meetmg,  February  24, 1869.  ^  2,' 

Present  :  1.  Sir  W.  Armstrong  (in  the  Chair) ; 
2.  Ma.  Dickinson  ;  3.  Mr.  Qeddes  ;  4.  Mr.  Elliot  ;  5.  Mr.  Husset  Vivian. 

1.  A  letter  from  Mr.  "Woodhouse  was  read,  expressing  his  regret  that  he  cannot  attend. 

2.  The  Secretary  produced  File  A,  with  the  correepondence  of  this  Committee,  the' Minutes,  fee.  Minutes. 
The  Minutes  of  last  Meeting,  July  15th,  were  i*ead  and  signed.    The  meeting  fixed  for  the  I4th  of 
October  was  not  held,  for  reasons  which  appear  in  the  corresponience,  amongst  which  the  chief 

was  the  unavoidable  absence  of  Mr.  Elliot,  whose  evidence  was  wanted.    See  letter  1286,  &c, 

3.  The  next  Meeting  was  fixed  for  Wednesday,  April  14th,  at  noon,  at  Committee  Boom  G., 
House  of  Lords. 

4.  The  Committee  then  took  evidence  as  follows. 

Chairman. 

February  26.    The  evidence  taken  on  the  24i/t  February  loas  sent  cvi  in  manuscript 
April  9.  2%6  jnanuscript  was  returned  and  sent  to  press. 

J.  F.  Campbell,  Secretary. 


George  Elliot,  Esq.,  M.F.,  (a  member  of  the  CommissioD,)  and  Mr.  Fbederigs  Wilmer,  Aberaman, 

Aberdare,  GlamorgaoHliire,  examined. 


396.  {Oiairman.)  {To  Mr.  Wilmer.)  What  ia 
your  profession  ? — A  mining  engineer. 

397.  In  what  district?— lo  South  Wales,  the 
Aberdare  district. 

898.  {Mr.  Elliot.)  I  have  desired  Mr.  Wilmer  to 
make  a  series  of  experiments  in  SouUi  Wales,  ascer- 
taining by  thenD(Hneter  the  heat  at  various  depths, 
taking  the  sea  level  as  the  datum  line.  He  has  pre- 
pared diagrams  and  tabular  forms  of  the  experiments 
which  he  has  been  condacling  over  the  period  of  the 
last  nine  months,  oad  I  shall  leave  it  for  him  to 
answer  any  questions  respecting  them  which  you  may 
think  right  to  ask  him.  The  principle  to  which  these 
experiments  point  is  what  I  alluded  to  in  my  in- 
augural address  to  the  mining  engineers,  namely,  that 
the  increase  of  heat  is  due  to  the  superincumbent 
strata  j  that  is  to  say,  that  in  many  places  where 
these  experiments  have  been  made  you  will  find 
that  at  certain  depths  as  you  go  further  under  the 
mountain  it  increases,  and  that  when  you  go  beyond 
the  mountain  and  get  into  ordinary  level  ground 
agun  with  some  oldtude  it  diminidies  ;  and  I  think 
that  it  will  be  estaldlshed  that  the  increase  of  tcm- 
poatnre  is  due  to  the  superincumbent  strata. 

399.  (CAatraum,  to  Mr.  JVilmer.)  Will  you  be  so 


good  as  to  explain  to  us  the  experiments  in  which 
you  have  been  engaged,  the  locality,  and  the  nature  of 
the  experiments  ? — The  experiments  have  been  made 
with  a  view  of  ascertaining  whether  in  the  same 
colliery  the  temperature  varies  with  the  superincum- 
bent strata,  and  in  all  instances  it  has  been  found  that 
it  does  Bo.  The  South  Wfdes  coalfield  presents 
facilities  for  that  purpose  which  we  have  not  in  a 
more  level  countiy,  because  some  of  the  pits  are  sunk 
in  a  valley,  and  most  of  them  are  considerably  above 
the  level  of  the  sea.  The  pits  are  comparatively, 
shallow,  and  the  levels  extend  from  the  pits  under- 
neath high  mountains,  whex'e  you  have  a  large  increase 
in  the  depth  or  thickness  of  the  superincumbent 
strata.  I  have  prepared  the  table  marked  A,  which  I 
think  illustrates  the  subject,  and  is  a  general  summaiy 
of  the  experiments. 

400.  Can  you  summarize  these  results  ? — tried 
to  do  so,  but  I  found  it  impossible,  because  they  vary 
very  much  with  local  circumstances. 

401.  Then  we  will  take  some  extreme  cases  where 
the  distance  is  great,  and  where  the  cover  is  great  ? — . 
At  Upper  Duffryo  colliery  the  distance  from  the  shaft 
is  greatest,  and  we  also  get  the  greatest  variation  in 


G.  Ettiof,  Eiq, 
and 

Mr,  Ft  Wilmer 
S4th  Feb.  1863 


Table  A.— SUMMABY  OF  EXPERIMENTS. 
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360 
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27 
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89 

04 
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66 
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75 
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72 

32 

67 

69 

59 

6 

a 
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33 

57 

6 

8 

IGO 
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6 

4 

.125 

273 

fiS 

SO 
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368 
400 

57 
36 

38 
69 

6 

6 

7 

400 

65 

58 

50 

8 

73 

*»7 
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69 

300 

9 

157 

SIS 
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33 

370 

1 
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74 

71 
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63 
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70 
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36 

64 
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04 
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46 
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8 

318 

988 

61 
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1 
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S76 
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863 

68 

60 

43 

53 
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920 

63 

70 

370 

8 

180 

1,073 

67 

78 

1  '**"\ 

4 

262 

1,348 

69 

71 
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1 

1^ 

2E6 

813 

1,103 

«0 

39 

01 

66 

66 

Vocliriw  Sowliii  •  '1 

8 

260 

1,320 

«8 

69 

466 

s 

300 

023 

CI 

66 

8,000 

IronrtonelUiM,  Dowbds  [ 
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8 

U84 

set 

812 

8QS 

ssa 

sn 

US 

66 
5B 

6ft 

S3 

60 
U 

30 
85 

160 
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DiT  htde,  aud  no  gmi. 


Wet  hole. 
Dry  hole. 

Wet'^olQ,  with  %  Uttia  gu  isminic. 
D17  Jude,  a 


Wet  hole,  with  blomr  of  gu. 

Dry  "bole.  ' 

Wetbol^iritbgu. 

Di7hole. 

Wet'^iole. 
Dry  bole 

DrjlioH  and  )io  gts. 


WeThole,  uiJ  no  gu. 


18488.  Yev-n. 
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A  26 

G.EBloUEsq. 
ind 

Mr,F.WUmar. 
84tfa  Feb.  1869. 


the  thickness  of  coTer»  for  at  the  bottom  of  the  shaft 
we  hare  only  360  feet  of  saperincumbent  strata, 
-rrhereas  at  a  distance  of  2,327  yards  from  the  shaft 
we  have  1,690  feet  of  strata. 

402.  And  when  your  cover  becomes  1,690  feet, 
what  is  your  temperature  ? — The  diagram  marked  B 
shows  the  pit  sunk  in  the  valley ;  the  surfkce  is  repre- 
sented by  the  nndnlating  line  shaded  green.  The 


thick  black  line  represents  a  level  heading  driven  in 
the  coal  from  the  bottom  of  the  pit,  and  the  bine  line 
shows  the  level  of  the  sea.  The  stations  where  the 
the  experiments  were  made  are  numbered  1,  2,  3,  and 
4.  No.  1  station  is  40  feet  above,  and  No.  4  is  150 
feet  below  the  level  of  the  sea.  The  tenjperature  of 
the  coal  at  the  Ko.  4  station  where  the  cover  is  1,690 
feet,  is  75°. 


Tabu  B^TJFFSB  DUFFBYN.* 


Kaof 
BsperimNit 

above  Sea, 
in  Feet 

Depth 
below  Sea, 
in  Feet 

Depth  beloT 
Smfiuse, 
in  Feet. 

Temperature 

Diftanee 
fromHt, 
faiTaidi. 

In  Coal. 

In  Stona 

Gotiide. 

Top  of  Fit. 

Bottom 
of  Fit 

0 

o 

o 

76 

o 

67 

1 

40 

860 

61 

6^1 

68 

87 

3 

10 

1,810 

6S 

64 

66 

1,587 

S 

70 

1,400 

68 

68 

66 

1,877 

4 

ISO 

1,690 

76 

7S 

74 

8,887 

N9 


Tabu  D.— LOWBR  DTJSTBTN. 


So,  of 
Biperiment 

Height 
abore  Sea, 
in  Feet 

DepUt 
beloT  Sea, 
in  Feet 

Depth  from 
Snrfkce, 
in  Feet 

Temperature 

IMatancefrom 
Shaft, 
in  Tarda. 

In  Coal 

Outside. 

Fit  Top. 

FitBottODL 

1 

800 

880 

o 

74 

fi 

o 

o 

190 

8 

S85 

1,869 

74 

74 

1,080 

S 

1/W8 

68 

78 

1,850 

ss 

68 
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403.  What  is  the  temperatara  of  the  eoal  at  the 
bottom  of  the  Bhaf%  ?— 61^ 

404.  At  what  distanoe  is  No.  S  station  firom  the 
abaft  ?~1.587  Tarda. 

405.  What  is  tha  oorer  at  that  point  ^1,210  feet. 

406.  What  ii  the  temperature  there  ? — 65^  in  the 
coal,  64°  in  the  stone,  and  66^  in  Uie  air  current  out- 
nde  Uie  holes. 

407.  The  increase  of  Uie  mineral  temperature 
firom  the  foot  of  the  shaft  to  No.  2  is  how  many 
degrees  ? — i°.  The  difference  of  cover  is  the  difierence 
between  360  and  1,210  feet 

408.  That  is  4°  for  850  feet  ?— Tea. 

409.  That  is  1°  for  about  200  feet,  which  is  very 
mwh  ekoH  of  the  increase  in  cases  of  sinkingg  upon 
a  level  ? — think  that  that  can  be  expluned.  Yod 
will  find  tiiat  there  is  a  mnch  greater  increase  in  pro- 
portion when  we  come  to  the  next  statlcm. 

4ia  What  is  the  temperature  at  No.  8  station  ?— 
68". 

411.  Bong  an  increase  of  7°? — ^Tes ;  the  cover  is 
l>400feet. 

412.  The  difference  'of  cover  in  that  case  is,  how 
mnch  ? — 1,040  feet.  Perhaps  it  will  be  as  well  to 
explain  &tat  beyond  No.  2  station  the  circulation  of 
the  air  was  partially  stopped,  and  beyond  No.  8  station 
entirely  so.  That  part  of  the  colliery  has  been  aban- 
doned for  about  18  months,  and  for  that  reason  I 
place  more  reUance  upon  these  experiments  than 
upon  the  succeeding  ones.  All  the  succeeding  experi- 
ments were  made  in  collieries  which  were  working 
at  the  time,  and  I  was  not  able  to  shut  off  the  air 
irom  them.  I  thought  that  the  result  wonU  be  truer 


if  Z  oonld  get  an  abandoned  colliery  which  was  free      A  27 
from  the  heat  which  would  be  produced  by  the  lightSt  G.  BUiot^Mtq. 
horses,  and  men,  and  that  X  should  be  more  likely  to  and 
arrive  at  the  natural  ;«mperature.  ^-  W^'fa*'- 

413.  I  may  tell  yon  that  in  the  previous  evidence  34(11  Feb.  ISM 
wUch  we  luive  had.  it  appears  to  be  pret^  well  ' 
established  that  in  sinkings  from  a  levd  sui^ace  both 

in  the  case  of  mines  and  in  the  case  of  bore-holes 
the  increase  of  temperature  upon  the  average  may 
be  stated  at  something  like  one  degree  for  every  60 
feet.  We  understand  from  Mr.  Elliot  that  he  tiuds 
that  the  same  increase  of  temperature  takes  place 
measured  from  the  rising  surface  above  the  plain  on 
which  the  shaft  is  sunk.  Speaking  generally,  do  you 
find  that  the  increase  of  temperature  due  to  the  depth 
from  the  surface,  where  the  surface  is  a  hill,  as  in 
this  particular  case,  corresponds  with  the  increase  of 
temperature  which  I  have  just  described  as  taking 
place  upon  a  plain  sur&ce  ? — think  that  it  does, 
upon  the  average. 

414.  In  the  two  cases  which  you  have  mentifmed 
it  does  not  seem  to  unount  to  so  much  ? — ^No.  The 
reason  I  think  is  that  we  have  the  fresh  air  outside 
the  holes  at  No.  2  station,  and  beyond  this  point  we 
have  little  or  no  air  passing  at  all. 

415.  How  is  it  at  this  extreme  point  ? — At  Nc  4 
station  the  temperature  is  75°  in  the  ooal  with  a 
cover  of  1,690  feet. 

416.  That  is  an  increase  of  14°?— Tea;  thnt  a 
about  1"*  in  90  feet. 

417.  Is  that  borne  out  by  your  other  observations 
in  -other  cases  ? — I  found  it  borne  out  at  Cwmneol 
colliei^,  which  is  repreemted  in  dii^ram  £.  There 


TiBLB  R— CWU  NEOL. 


No.  of 
BxpsrintBUt. 

Ha^t 
above  Sea, 
in  Feet. 

Deptti 
below  Sea, 
fnTeet. 

Depth 
below  mttfua, 
in  Feet. 

TempentoTe 

Diitance 
from  Fit, 
in  Yards. 

BenaikB. 

In  Coal. 

Ontdde. 

.TbpofPit 
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Kt 

1 

9 

a 

30 

810 
ISO 

1,150 
800 
990 

0 

65 
67 
«9 

70 
69 
67 

69 

e 

59 

1,070 
480 
1,850 

Koi.  1  ft  S,  vet 
utd  blowers. 
No.  a,  dry  sad 

QOgM, 

UVn.  OF  THB  tB*. 


the  temperature  of  the  coal  at  No.  1  station  is  65°, 
with  1,150  feet  of  cover ;  at  No.  2  station  57°,  with 
600  feet  of  cover ;  and  at  No.  3  station  62^  frith 
990  feet  of  cover  ;  showing  an  increase  of  1**  in 
about  60  And  I  oonnder  this  result  to  be  very 
rdlable,  beeanse  at  each  of  the  three  stations  I  had 
the  opportunity  of  pnttinff  tiie  h<^  in  the  solid  coal 
in  the  long-wall  face  miere  the  coal  was  newly 
worked ;  but  it  Is  not  borne  out  in  every  case.  I  find 
it  is  very  difficult  to  obtain  the  true  temperature 
of  the  coa^  except  whwe  the  air  is  completely  shut 
off,  for  I  think  that  the  coal  which  is  standing  in 
piUars  acquires  the  temperature  of  the  aur  to  a  cer- 
tain extent.  AH  my  experiments  tend  to  prove  that 

P 


418.  That  is  just  at  the  sivface;  but  of  course 
the  temperature  will  increase  as  you  go  further  m  ? 
• — I  had  the  holes  bored,  and  the  thermometer  inserted, 
first  at  three  feet,  then  at  six  and  twelve  feet.  I  fimnd 
that  beyond  three  feet  thwe  was  no  alteration. 

419.  Then  in  point  of  fact  it  comes  to  Uii^  that 
yon  find  Hut  the  external  air  afiects  the  tempOTature 
to  the  depth  of  four  fiset,  but  not  beyond  found 
no  difference  in  the  temperature  between  three  feet 
and  twelve  feet. 

420,  {Mr,  Dickenson.')  Ai's  all  the  temperatures 
which  you  have  ^ven  taken  at  four  feet  ?— Yes. 

421,  {Mr.  Vivian.)  In  this  drift  which  was  shut 
off  was  ^ere  any  water  ?— 'There  was  not  any  water 
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Mr.  F,  miner. 
14th  Feb.  1869. 


in  the  place  where  I  made  the  ezpeiimfinti  bat  there 
was  a  little  water  beyond  it. 

422.  No  increase  of  temperature  could  be  due, 

I  suppose,  to  coal  heating  ? — I  think  not. 

423.  bo  you  imagine  that  the  low  temperature 
at  the  bottom  of  the  shaft  could  be  in  any  way  due 
to  its  proximity  to  the  air  current  ? — Certiunly  not ; 
because  I  choso  a  place  6n  purpose  which  was  out 
of  tfao  way  of  the  main  air  current.  There  was  no 
air  travelling  through  the  place ;  in  fact,  it  was  a 
place  driven  in  the  cOal  with  the  intention  of  driving 
ti  to  meet  another  lev^l,  but  it  was  not  holed.  I  had 
the  brattice  taken  out^  and  therefore  there  was  no 
air  travelling  tla-ough  it  at  the  time, 

424.  (Ckatrman,)  You  have  an'ived  at  the  con- 
clusion that  the  increase  of  temperature  as  measured 
from  the  surface  of  an  undulating  country  substan- 


tially agrees  with  the  increase  of  tanperatore  from  a 
level  surface  ? — That  is  my  opinion. 

426*  The  strongest  proof  which  you  can  give  us 
60  fai',  as  an  increase  of  1°  in  90  feet  ?— Yes ;  except 
at  Cwmneol  colliery,  vbere  the  increase  is  1^  in 
60  feet. 

426.  As  an  average^  in  other  oaaes  it  is  eanething 
like  1"  in  60  feet  ?— Yes. 

427>  So  that  your  imirease  is  very  considwably 
short  of  what  has  been  observed  in  the  more  ordinary 
case? — I  apprehend  that  if  this  experiment  bad 
continued  further  into  the  hill  it  woud  have  been 
different. 

428.  Have  vou  any  case  in  which  you  are  farther 
into  the  hill  ?— There  is  an  instance  in  another 
diagram  which  I  think  proves  that.  At  New  Tre- 
degar colliery,  shown  in  diagram  H,  yon  have  a 
higher  tempwature  at  No.  4  station  tiwi  at  No.  3. 


Table  H.— NTTW  TEEDEGAB. 


No.  of 
Ezpeiinunti 


Depth 
below  Sea, 
in  Feet 


190 
241 
180 
262 


Dq>th 
ttom  Surface, 
in  Feet 


ft65 
920 
1,673 
1,549 


TemporstiiK. 


LiGoia. 


68 
63 
67 
69 


OntBide. 


60 
70 
72 
71 


Top  of  Kt. 


48 


Bottom  of 


58 


Dwtanoe 

from  Fit, 
in  Yards. 


110 
570 
1,370 
2,090 


Bonsiks. 


Dr;^  holes,  and  atf  gas. 


429.  Where  you  have  the  greatest  increase  of 
temperature,  what  is  the  rate  of  increase  ?-~-From 
£8*  to  69°. 

4S0.  That  is  ir  for  684  feet?~Yes;  that  is 
about  1"  in  62  feet ;  and  I  think  that  this  experi> 
ment  shows  thai  the  greatest  heat  is  not  always 
immediately  under  the  highest  penk  or  pinnade. 
The  point  above  No.  3  station  is  highet>  than  that 
above  No.  4,  but  it  gives  less.  You  have  there  9° 
difference,  which  is  about  1*^  in  90  feet.  No.  3 
station  is  under  the  highest  peali:,  bat  No.  4  is  further 
into  the  heart  of  the  mountain. 

431.  Is  this  a  true  section? — ^Very  nearly.  The 
sections  are  drawn  to  a  scale  of  200  yards  to  an  inch 
horizontal,  and  800  feec  to  an  inch  vertical. 

432.  (Mr.  Vivian.)  What  is  the  differenee  of 
distance  iu  both  those  cases  ? — No.  3  station  is 
l,370  yards  from  the  pit,  and  is  under  the  highest 
gronnd,  and  at  2,090  yards  (station  4)  is  where  the 


greatest  increase  occurs  in  the  temperature  with  a 

less  depth. 

433.  {Sfr.  Dickinson.)  How  many  feet  less  depth 
ore  there  ? — 124  feet. 

484.  As  regards  tiie  greater  depth  (at  No.  8 
station),  there  is  a  point  fWnn  which  ihe  surfaee 
might  be  reached  at  a  less  Stance  than  this  vertical 
depth,  which  might  perhaps  be  less  than  what  is 
called  the  lesser  depth] (at  No.  4  station)  ?— That  is  so. 

435.  Ma}  not  that  account  for  it  ? — The  surface 
above  No.  3  station  falls  away  very  rapidly  towards 
the  valley  ;  in  fact  it  is  almost  a  precipice,  and  the 
temperature  was  taken  immediately  und^neath  the 
crown  of  the  highest  point. 

436.  {Mr.  Vivian.)  But  you  could  reiacli  the 
surface  with  a  less  depth  by  going  in  a  diagonal 
direction  from  that  which  you  would  obtain  bj 
going  in  a  perpendicular  direction,  which  nuqr  ex- 
plun  the  difference  ? — ^Yes. 
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437'  {Mr.  Dickinson.)  There  seems  to  be  one 
point  which  you  have  not  taken  into  consideration 
in  these  experiments,  and  that  is  the  heat  which  is 
given  out  of  the  air  itself  by  the  increased  bart^ 
metrical  pressure  ?— a  point  only  loO  feet  below 
the  level  of  the  sea  you  get  the  same  temperature 
very  nearly  os  at  Monkwearmouth,  whieU  is  nearly 
1800  feet  below  the  level  of  the  sea. 

438.  You  say  "  very  nearly  what  is  the  differ- 
ence ? — have  not  tried  the  temperature  of  Monk- 
wearmoutb.  Mr.  Elliot  has  tried  it  veiy  often,  smU 
has,  I  believp,  found  it  to  bo  about  78".  The  depth 
at  Monkwearmouth  is  fi-om  1,700  to  1.500  feet. 

439.  AVhat  uo  you  find  tbo  temperature  to  be 
150  feet  below  the  sea,  and  with  1,690  feet  of  cover  ? 
—75°. 

440.  And  at  a  greater  depth  at  Moukwenrnioi'.tfa 


it  has  been  found  how  much?— •!  understand  it  is      A  29 

about  78".  O.  Elliot,  Esq. 

441.  Being  a  dtfl^ence  of  S"  ib.  favour  of  the 

greater  depth  below  the  sea  ? — TeA,  if  I  am  correct  J*-  Wifatf . 
as  to  the  temperature  at  Monkwearm<^th.  .  „  . 

442.  Mr.  Ftrion.)  Is  not  Monkwearmouth  much 
deeper  than  this  ?--I  tJitnk  that  the  depth  there  is 
nearly  1,800  feet.  This  is  1,690  feet.  At  Monk- 
wearmouth the  top  of  the  pit  is  very  nearly  on  the 
level  of  the  sea. 

443.  {Chairmah.)  This  is  not  a' continued  circu- 
lation {pointing  to  diagram  B.)  ? — ^No. 

444.  Will  you  explain  the  ciccilmstancea  of  the 
experiment  at  Vochriw  ? — At  Vochriw  which  is 
illustrated  by  diagram  1.,  the  cose  is  almost  reversed 
to  what  it  in  at  Upper  PuiTryn:  The  shaft  is  neu-Iy 
at  the  deepest  point.    You  go  then  underneath  the 


Table  Lt-VOCHBIW  DOWtAIS. 


^  No.  of 
Ezpsnment. 

Hei^t 
hboreSeai 
inFeeL 

Depth 
fttai  Snr&ce, 
in  Feet. 

Tempmtnre 

DiBtaace 
from  Pit, 
in  Yardi. 

In  CoaL 

Outside. 

Top  of  Pit. 

Bottom  of 
Pit 

1 
a 

8 

3S5 
8&6 
890 

1,103 
1,8S0 
628 

o 

60 
62 
61 

59 
59 
65 

o 

61 

o 

66 

66 
466 

2,000 

numntaiu,  and  at  No.  2  station  you  have  the  highest 
temperature  and  the  greatest  cover.  Yon  go  through 
the  mountain,  and  underneath  the  next  valley,  at  a 
distance  of  2,000  yards  from  the  pit ;  you  have  a  lower 
temperatnre  again  with  less  superincumbent  strata. 

445.  Does  the  increase  of  temperature  at  No.  2 
correspond  with  the  increase  of  cover  ? — No,  it  does 
not,  but  the  hole  was  bored  in-  a  pillar  of  coal,  and 
there  was  a  strong  current  of  lur  passing  by  at  the 
time. 


446.  Is  it  greater  or  less  than  it  ought  to  be  ? — 
It  is  less  ;  tiiere  is  only  1^  of  diflbrence  between  the 
two  points  marked  No.  2  and  No,  3. 

447.  {Mr.  Vivian,)  That  you  attribute  to  the 
ptiBs^  of  a  strong  current  of  air? — ^Yes,  I  think  so. 
It  is  remarkable  that  at  this  distance  from  the  bottom 
of  the  downcast  shaft  the  air  should  be  so  cool. 

448.  {Chairman.)  What  is  the  temperature  in 
this  case  at  the  bottom  of  the  shaft  ? — 60*>.  In  High 
Duffiyn  {dtagram  C.)  I  have  taken  the  temperatures 


Table  C^HIQH  DUFFRTN.* 


No.  of 
Xxperi- 
ments. 

Height 
above  Sea, 
in  Feet 

Depth 
below 

Depth 
below 

Temper&tmv 

Distance 
from  Fit, 
in  Yards. 

Bern  arks. 

Sea, 
in  Feet. 

Sorfiice, 
in  Feet. 

In  Coal. 

In  Stone. 

Ootalde. 

Pit  T<^. 

Fit  Bottom. 

1 

326 

72 

o 

52 

o 

o 

57 

0 

o 

6 

No.  1,  wet 

S 

249 

151 

52 

57 

6 

Nob.  2,  8,  4, 

3 

150 

250 

54 

58 

6 

6, 8,  and  9, 
diy. 

4 

125 

275 

55 

59 

S 

9 

82 

S68 

57 

68 

6 

No.  5,  wef, 

6 

400 

56 

5d 

6 

with  a  lit- 

7 

400 

55 

58 

50 

tle  gai  is- 

8 

76 

447 

58 

59 

300 

nuQg. 

B 

157 

915 

55 

5S 

69 

59 

.370 

*  Scale  <tf  origUwl  drawing,— ^rizontal,  100  yanU  to  one  inch  i  vertieal,  100  ftet  to  oa»  inch. 
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G.Siliot,Etq. 
and 

Mr.  F.  If  ffawr. 
Mth  Feb.  1869. 


at  difierent  depths  in  the  Bhaft,  aud  I  find  that  they 
never  vary,  summer  or  winter.  I  have  tried  them  in 
tiie  summer  and  in  the  winter. 

449.  Showing,  that  the  temperature  whatever  it  is, 
is  dependent  upon  that  of  the  earth,  and  not  dependent 
upon  that  of  the  abnosphere  ?— Yes. 


450.  What  is  the  smallest  d^th?— At  Ko.  1- 
station  it  is  72  feet  from  the  surface. 

451.  What  is  the  temperature  there  ? — 52*. 

452.  (Mr,  Dickingon.)  What  is  the  height  above 
the  sea  ?— 328  feet  I  have  an  instance  at  DowhUs 
(shovm  in  dUigram  J.)  where  the  bottom  of  the  pit  is 


Table  J.— IKONSTONE  MUTES,  DOWXiAia 


No.  of 
Ezperiment. 

Height 
abore  Sea, 
uFeet. 

Depth 
below  Sar&DP, 
inVeet. 

Tempentore 

Stone. 

Ontride. 

Banwain 
Pit 

Bottom  of 
Banirein 
Pit. 

Top  of 
TyiaPit 

Bottom  of 
TykPtt, 

a 

» 

e 

0 

a 

soa 

371 

60 

55 

9 

823 

586 

69 

M 

50 

50 

55 

55 
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at  a  much  greater  eleration,  being  802  feet  above  the 
sea  level.    The  temperature  there  ia  66°. 

453.  (Chairman.)  At  what  depth  ?^?1  feet. 

454.  What  is  the  temperature  at  the  bottom  of  the 
■haft  in  the  case  of  Vochriw  ? — 60°. 

455.  The  depth  of  the  shaft  being  how  much? — 
1,108  &et 

456.  The  temperature  at  No.  8  station  is  how 
much  r— 61". 

457.  That  is  an  increase  of  1°  with  a  decrease 
of  cover  of  how  much  ? — 475  feet. 

458.  What  is  the  temperature  at  the  ptnnt  of 


greatest  cover  ? — 62°.    The  temperature  rises  2°      A  31 
under  the  greatest  cover,  and  then  diminisheB  1°.         o,  EBiot,  Eaq. 

459.  Then  your  impression  is  that  disparity  would  uaA 

be  greater  were  it  not  for  the  large  qnantily  of  air  WHmrn; 
which  is  poured  through  that  passage  ?— Yes  ;  that  is  04*  ^^imo 
my  idea.  a»tt*efciW9. 

460.  {Mr.  Geddes.)  Do  yon  know  the  nature  ot 
the  strata  which  is  thrown  off  ?  Is  there  anything  in 
that  in  your  judgment  to  account  for  soy  cmnge  ?— - 
I  think  not ;  it  is  composed  of  the  shales  and  ironstone 
measures  which  lie  above  and  below  the  coal. 

461.  Is  there  no  depth  of  sandstone? — No.  I 
believe  not. 


Table  F.— CWMPABE. 


No.  of 

above  Sea» 
iaPeet 

Depth  from 
Snrfiwe, 
inPeet 

Tempmtore 

Dutaoce 
fromFiti 
la  Tarda 

Bcmazkt. 

Experiment. 

IsCotL 

In  Stone. 

Oatoide. 

1 

a 

3 

S15 
29S 
880 

S85 
680 

0 

5S 
59 
68 

0 

66 
68 
53 

0 

64 
60 
67 

97 
1,100 
MM 

i-k 

Wethote. 

Tabu  O.— CWMBACK 


Ko.of 
E:q>a{meDt 

Height  above 
Sea, 
in  Feet. 

D^th  from 
Snrface, 
in  Feet. 

TcnqtaalDK 

Distance 

from  Fit, 
in  Yards. 

la  Coal. 

Top  of  Pit. 

Bottom  of 
Pit. 

Ontaide. 

0 

a 

6 

1 

350 

aso 

55 

& 

60 

S 

81S 

988 

61 

68 

MOO 

M 

47 

462.  {Chfurmam)  {To  Mr,  JSlHoL)  As  yon  are 
intimatelj  acquainted  with  the  woAmgB  at  Uonk- 
mumoath,  will  you  teU  us  the  exact  (empevatore  at 


the  deftest  point  there  ?— I  am  nov  i^eiJdiig  ft«n 
observations  which  I  made  20  years  ng0|  and  over  a 
series  of  years,  and  the  temperature  there  was  taken 
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X  32      in  the  coal,  separated,  sm  it  wen^  as  far  as  70a  could 
O.  ElBat,  Eaq.  separate,  it  from  the  animal  heat  produced  by  the 
nd        horses  and  workmen,  and  ex<duded  from  the  current 
Ur.  F.  Wilmer.  ^^^^^   The  holo  was  bored  to  the  dopth  of  6,  8,  or 
«Ati>  vv"i(»iio  9  *®  themometer  inserted,  and  kept  there 

g4ti>yei>.  1869.  j.^^  and  r  do  not  remember  there  ever  being  a 
variation,  winter  or  summer,  or  at  any  time  more  than 
something  which  seomed  almost  imperceptible;  the 
temperature  was  about  76°.  My  attention  was  at- 
tracted most  by  this  circumstance,  that  I  found  in  the 
Upper  Dufiryu  colliery,  which  is  a  shallow  pit,  and 
which  extends,  as  you  will  perceive,  for  a  distance  of 
something  like  2,300  yards  under  a  mountain,  with,  I 
believe,  a  cover  just  equal  to  the  depth  of  the  Monk- 
wearmoath  pit,  that  tho  temperature  increases,  and 
increases  until  you  get  to  tho  greatest  thickness, 
and  that  thickness  seems  to  correspond  with  the 
depth  of  the  Monkwearmouth  colliery,  andj  there 
is  not  more  than  1°  of  differenco  between  my  obser- 
TaUcms  at  Monkwearmouth  colliery  at  that  depth  and 
diose  taken  at  Upper  Dafirrn  colliery  ;  although  tho 
latter  is  so  mnch  sAwve  the  Wei  of  the  sea,  you  have 
the  same  increased  teinperatnre.  My  deduction  from 
that  is,  that  it  is  not  because  we  are  so  far  below  the 
level  of  the  sea,  but  because  we  are  so  far  below  the 
sarface. 

463.  You  conclude  that  the  increase  of  temperature 
is  determined  by  the  depth  from  tho  sm'facc,  and  has 
no  reference  to  the  depth  below  the  level  of  the  sen  ? 
— Yes.  If,  for  instance,  where  the  Atlantic  Cable  is 
lying,  (which  is  nearly  three  miles  deep,)  the  water  w&s 
token  away,  and  you  bored  down  1,600  feet  thei^, 
I  do  not  believe  that  you  would  get  any  higher  tem- 
perature there  than  you  get  at  Upper  Dufii-yn  pit  at 
the  same  depth  irom  the  surface.  That  is  tho  imprcs- 
sion  which  I  have  have  respecting  the  theory  of 
internal  heat.    Of  course  it  is  mere  opinion. 

464.  Our  secretary  has  very  justly  suggested  to 
me  this  morning,  that  pei'hapa  that  is  only  to  be 
expected  if  we  consider  that  the  difference  of  temper- 
ature between  the  surface  and  the  interior  is  due  to  a 
certain  thickness  of  jacket  confining  the  heat  to  the 
interior  ;  the  difference  of  temperature  would  be  in 
proportion  to  the  thidtness  of  jacket,  and  that  the 
thickness  of  jacket  would  have  to  bo  measured  from 
tiie  surface,  whatever  it  was,  whether  high  or  low. 
Do'  you  coincide  with  that  view  ? — My  theory  is,  that 
the  heat  is  induced  by  the  building  up  of  the  strata, 
and  that  it  is  that  which  produces  the  effict  of  heat. 

465.  Heat  once  evolved  by  pressure  would  find 
its  way  0%  and  would  not  bo  muntained  ? — In  our 
pits,  where  what  we  call  creep  "  has  taken  place,  I 
have  known  the  temperature  very  mnch  increased  ; 
for  instance,  it  is  just  like  putting  this  pressure  in 
motion.  If  you  get  a  creep  the  pressure  begins  to 
crush  jour  pillars.  In  one  instMi^e  in  Wales  the 
heat  produce^  by  this  cause  was  so  great  that  I 
thought  it  W0UI4  set  fire  to  the  coal.  - 

466.  That  is  during  tho  act  of  compression  ? — Yes. . 

467.  But  when  the  act  of  compression  is  complete, 
then  the  heat  ceases  ? — It  takes  some  time  to  subside. 
It  is  a  cnrious  thing.  I  have  had  it  in  my  experience, 
and  when  I  found  this  very  striking  instance  in  Wales, 
it  brought  to  my  remembi'ance  that  I  bad  often  found 
it  very  hot  when  we  had  had  a  sort  of  temporary 
creep,  but  it  had  never  occurred  to  me  to  account  for 
it  I  suppose  that  there  was  merely  matter  in  motion 
which  was  grinding  everything  to  powder.  I  have 
seen  a  stone  ground  to  powder,  like  the  ofSect  of  a 
dozen  mill  hoppers,  and  this  was  accompanied  with 
considerable  heat. 

468.  As  a  matter  of  fact,  you  consider  that  under 
all  circumstances  there  is  a  steady  increase  of  tem- 
perature at  something  like  the  rate  which  was  found 
at  Monkwearmouth,  or,  as  we  have  concluded  frem 
our  observations,  something  like  1°  for  every  60  feet  ? 
— Something  like  that. 

469.  As  a  rule,  taking  one  case  with  another,  you 
think  that  thero  is  under  all  conditions  of  surface  a 
steady  increase  of  something  like  1^  for  every  60  f^^t 
US  yon  go  4Qwq  ?— Yes. 


470.  And  you  have  no  reason  to  presume  that  it 
would  be  different  at  inci-oased  depths  ? — I  think  that 
I  should  have  that  increased  heat  to  contend  with,  to 
whatever  depth  I  wont;  and  tiiat  it  would  be  some- 
what in  that  ratio. 

471.  In  contending  with  that  increase  of  heat, 
what  means  would  yon  contemplate  applying  in  order 
to  counteract  it? — My  clear  opinion  is  to  have  an 
increase  of  atmosphoric  air. 

472.  You  would  keep  down  the  heat  by  increasing 
the  ventilation  and  the  volume  of  air  ? — Yes. 

473.  Would  it  be  pi-acticable  at  Monkwearmouth 
to  reduce  the  existing  temperature  by  increasing  the 
quantity  of  air? — It  would.  You  must  have  your 
uir-ways  large,  and  you  must  have  greater  power  than 
the  mere  ordinary  ventilating  furnace  to  obtun  the 
quantity  of  air  which  will  be  necessary  when  you  get 
to  extreme  depths. 

474.  Then  you  would  contemplate  the  application 
of  mechanical  means  ? — I  would. 

475.  Have  you  any  idea  what  would  b«  the  pro- 
portion of  decrease  of  temperature  as  compared  with 
the  increase  of  ventilation  have  not  a  formula  for 
that,  but  it  is  very  simple. 

476.  Do  you  think  that  you  could  avoid  Increasing 
tho  temperature  which  is  actually  experienced  at 
Moukwenrmouth  at  very  much  greater  depths  ? — 
I  think  that  we  could  work  ot  much  greater  depths 
than  at  Monkwearmouth  and  not  have  a  much  higher 
temperature  than  that  of  Monkwearmouth. 

477-  I  understand  that  you  are  at  about  the  limit 
of  practicable  working  at  Monkwearmouth  ?— No. 

478.  Do  tho  men  work  as  long  tibere  as  at  other 
collieiies  ? — No;  you  do  not  get  so  much  physical 
labour  fi-om  a  man  working  in  a  temperature  of  80** 
as  from  one  working  in  a  less  t^peraturc. 

479.  Then  are  you  not  pretty  near  the  limit  of 
what  is  practicable  ? — No ;  and  I  will  mention  why 
it  is  a  foitunate  cireumstanco,  that  in  all  our  deep  pits 
the  coal  is  very  easy  to  work  ;  that  again  arises  from 
the  pressure. 

4H0.  Do  you  think  that  that  would  be  an  in- 
vai-iiible  rule  ? — I  havo  not  seen  an  exception  to  it 
anywhere. 

481.  Can  you  form  any  idea  of  the  highest  tem- 
perature in  which  it  would  be.  practicable  for  men  to 
work  without  increase  of  wages?  Is  the  cost  of  the 
labonr  at  Monkweaimoutb,  in  consequence  of  the 
depth,  higher  than  in  other  collieries  ? — ^The  cost  of 
getting  tho  coal  per  ton  is  not  greater,  but  that  is 
because  the  coal  is  easier  to  work. 

482.  Then  if  the  coal  were  not  easier  to  work, 
but  were  of  on  average  quality,  the  cost  would  be 
greater  ? — Yes,  I  think  that  the  physical  enei^  is 
impured  by  having  to  work  in  a  temperature  of  some- 
thing like  80°. 

483.  Then  it  would  bo  a  very  serious  obstacle,  at 
any  i-ate,  if  you  had  to  work  in  a  higher  temperature 
than  say  80*  ?— I  do  not  apprehend  that  it  would  be 
so  serious,  because  you  could  lower  that  temperature 
by  an  additional  quantity  of  air,  and  I  think  that  you 
might,  by  improved  ventilation,  and  by  getting  a 
larger  quantity  of  air,  enable  the  working  maa  to  do 
his  work  at  a  higher  temperature  for  the  same  money 
as  he  is  now  getting  for  it, 

484.  {Mr.  Dickinson.)  Havo  you  known  cases 

where  men  have  had  to  work  in  furnace  shafts  ?  

Yes. 

485.  And  where  there  havo  been  only  two  hours 
shifts  on  account  of  the  heat  and  tiie  smoke  ?  ^Yes. 

486.  Would  you  attribute  the  shortness  of  those 
shifts  as  mnch  to  the  gas  which  they  had  to  breathe 
as  to  the  smoke  ? — At  Monkweaimouth  it  is  a  most 
uniform  and  pleasant  beat ;  in  that  pit  1  used  to  feel 
a  degree  of  alacrity. 

487.  (Chairman.)  But  you  did  not  hew  coals? — 
I  used  to  work  very  hu-d.  The  wcnUng  of  ooal  there 
is  really  very  easy  work. 

488.  In  consequence  of  the  softness  of  the  coal 

It  is  not  small  coal ;  it  is  large  coal ;  but  it  does  not 
take  half  tho  labour  whkh  it  takes  in  other  phues. 
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489.  Considering  that  the  fiu^o  nt  vhiclt  chc  men 
are  working  is  always  adraDcmg,  would.  jrac- 
ticable  to  bring  the  increased  ventilation  (thich  you 
couteniplato  to  bear  constantly  upon  the  face  where 
the  men  were  engaged,  so  that  they  shruld  at  all 
times  have  the  fall  benefit  of  the  larger  quantity  ? — 
It  wonld  be  quite  practicable,  and  iudced  you  are 
always  obliged  to  do  it  where  you  have  much  gas ; 
tho  ventilation  has  to  be  carried  into  the  face  in  order 
tn  keep  the  place  safe  to  work  in.  Bat  at  Monkwear- 
month  colliery  it  nsed  not  to  be  carried  into  the  face  ; 
it  was  BO  free  from  gas  that  I  have  known  frequently 
that  we  have  been  50  or  60  yards  before  the  air. 
The  natural  heat  of  the  place  itself  used  to  induce  a 
natural  ventilation.  I  hare  many  times  tested  it  by 
putting  one  candle  on  the  floor  of  the  mine,  and 
another  at  the  top,  and  such  a  current  went  in  and 
out  as  used  to  make  the  grease  run  down  the  aide  of 
each  of  the  candles. 

490.  In  those  places  where  you  were  50  yards 
ahead  of  the  air,  and  where  consequently  the  venti- 
lation would  not  be  very  copious,  but  sluggish,  was 
there  any  difference  between  the  temperature  of  the 
mineral  and  its  temperature  in  those  places  where  the 
ventilation  was  most  entire  ? — Tbac  is  a  very 
proper  question,  and  it  is  one  which  I  ought  to  have 
anticipated.  The  experiments  which  I  generally 
used  to  take  were  in  the  face  of  the  coal,  just  where 
we  were  exploring,  and  where  the  air  was  shut  off. 
When  I  took  out  any  pUIars  which  had  been  worked 
from  some  distance  where  the  current  was  passiDg, 
the  temperature  was  lower,  I  therefore  inferred  that 
what  I  got  in  the  solid  coal  newly  worked,  and  shut 
off  as  it  were  from  the  mechanical  application  of  the 
ventilation,  was  really  the  most  certain  mcasuro  of 
the  heat  of  the  mine.  That  is  so  far  as  relates  to  the 
intake.  In  the  return  the  temperature  is  higher ; 
that  is  to  say,  aHer  it  has  swept  over  all  the  men  and 
the  horses  on  its  returning  to  the  shaft.  Tho  process 
in  going  iu  is  to  increase  and  increase,  and  then  on 
returning  to  slightly  decrease. 

491.  The  simple  point  which  I  want  to  know  is, 
whether  there  is  a  decrease  of  temperature  actually 
experienced  at  Monkwearmoath  colliery  in  those 
phtces  where  the  ventilation  is  at  the  greatest  ? — 
Tes. 

492.  That  is  to  say,  that  you  have  a  lower  tem- 
perature of  the  coal  where  the  ventilation  is  greatest 
than  at  those  places  where  the  ventilation  is  least  ? — 
That  is  so. 

493.  So  that  you  have  there  a  pracUcal  demon- 
stration that  the  coal  can  be  cooled  down  by  increased 
ventilation  ? — Yes. 

494.  {Mr,  Vivian.)  Do  you  consider  that  the  air 
could  be  conveyed  to  the  face  at  a  lower  temperature 
by  isolating  it  from  the  sides  and  roof  of  the  ur-ways, 
that  is  to  say,  by  interposing  a  jacket  of  air  which 
would  pass  cUrectly  to  your  upcast  shaft,  passing 
behind,  say  brickwork  arches,  along  your  main  ways  ? 
You  would  then  have  one  current  of  lur  passing 
behind  a  brick  arch  and  a  brick  wall,  and  carrying 
the  temperature  arising  from  the  strata  straight  to 
the  upcast  shaft,  while  you  wonld  have  another 
current  of  air  passing  along  your  main  way  into  the 
face  of  your  workings,  protected  from  contact  with 
the  strata.  Supposing  that  you  took  your  intake  air 
through  an  air-way  so  constructed  that  it  would  be 
protected  from  the  sides  of  the  mine,  any  heat  arising 
from  the  sides  of  the  mine  being  removed,  do  you 
think  it  possible  to  convey  the  air  to  the  working 
faces  at  nearly  the  same  temperature  as  that  at  whi(£ 
it  descends  the  shaft? — If  I  understand  tho  question 
correcUy,  which  I  will  just  state  for  the  purpose  of 
seeing  uiat  I  do  understand  it  correctly,  a  tunnel  or  a 
tube  should  be  the  mode  of  conducting  ibe  air  Sraok 
the  bottom  of  the  pit  to  the  face,  say  one  mile.  The 
question  implies  tiuit  there  should  be  an  outer  tube  or 
tunnel  in  contact  with  the  sides  of  tho  roof  and  the 
floor  of  the  mine,  and  that  between  these  two,  the 
inner  and  outer  cases,  you  would  have  air  passages  or 
some  material  so  as  to  exclude  the  radiation  of  the 
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hea'  fi  MB  the  sides,  the  top,  and  the  bottom,  into  that      A  33 

air  chtmnel.    If  I  admit  all  tbat,  I  should  say  that  O.ESiouEtq. 

the  temperature  wonld  be  very  nearly  the  same  at  the 

enci  as  it  was  at  the  shaft,  because  you  would  then  * 

have  reduced  it  practically  to  what  we  find  at  the  F^iees. 

depth  of  60  or  70  fathoms,  which  ia  very  slightly  — 

changed  between  the  bottom  of  the  pit  and  a  mile 

from  the  bottom  of  the  pit   If  you  can  shut  off  the 

h(ftt  from  the  mine  then  there  ia  nothing  to  heat  it. 

495.  {Chairman.)  There  is  a  great  virtue  in  the 
« if."  The  question  is  wheUier  it  would  do  so,  and 
whether  you,  as  a  practical  man,  would  have  confi- 
dence in  that  method  as  a  means  of  getting  over  the 
difficulty  ? — We  are  agreed  upon  the  theory. 

496.  We  now  come  to  the  practical  question  ? — It 
has  never  been  brought  before  me,  and  therefore  it 
requires  some  consideration.  I  have  never  heard  it 
before. 

497.  {Mr.  Viviaiu)  X  believe  that  it  is  an  idea  of 
my  own.  It  wonld  be  practicable  and  efficient  to 
carry  brick  walls  and  brick  arching  along  the  main 
ways  in  such  a  manner  as  to  leave  spaces  behind 
them  ? — I  am  afraid  that  for  long  distances,  such  as 
we  could  only  contemplate  in  a  working  of  this 
nature,  the  arches  would  bo  crushed,  and  yon  would 
scarcely  be  able  to  get  the  air  in  a  deep  mine  con- 
ducted to  any  great  distance.  I  should  be  afraid  of 
that. 

498.  Main  ways  are  frequently  bricked  and 
arched  ? — Yes ;  and  they  very  often  have  to  be 
renewed,  especially  in -deep  pits.  I  have  some  which 
have  been  renewed  three  or  four  times  within  the 
last  10  years.  I  found  an  observation  upon  what 
Mr.  Vivian  has  just  suggested ;  it  is  one  which  has 
not  occurred  to  me  unw  now,  and  therefore  it  may 
not  be  of  very  mnch  importance,  but  I  can  quite 
conceiTe  this  as  being  a  practical  mod^  namely,  that 
you  might  lay  pipes  of  three  or  four  feet  in  diuneter, 
like  what  we  see  iu  the  large  waterwoiks,  which 
pipes  could  be  so  well  insulated  as  to  be  entirely  free 
from  the  external  heat  of  the  mine,  and  that  they  might 
be  conducted  to  any  point,  one,  two,  three,  or  five 
miles  into  the  workings,  and  that  they  might  be  made 
conduits  for  the  air  to  be  sent  through  them  into  the 
faces,  so  that  you  might  have  it  cool  up  to  tbat  point. 
It  would  not  have  to  be  sent  at  too  great  a  velocity, 
otherwise  you  would  get  into  tiie  other  point. 

'499.  {Chairman.)  Practically,  that  is  giving  up 
the  principle  of  large  air  passages.  You  said  in  one 
of  your  answers  that  by  increasing  your  fur  passages 
and  by  adopting  mechanical  means,  you  could  in- 
crease the  quantity  of  ventilation ;  but  now  you  are 
assuming  a  condition,  which  so  far  from  increasing 
your  air  psssf^e,  is  diminishing  your  air  passages, 
and  which,  therefore,  would  require  a  very  much 
swifter  current,  and  a  very  much  greater  power  to 
pass  it  through  ? — Yes.  The  ventilation  which  I 
contemplated  in  the  former  part  of  my  evidence  was 
a  mechanical  ventilation  which  was  to  withdraw  the 
tur,  such  aa  we  now  have  by  onr  system  of  fims.  In 
that  case  it  would  be  necessary  to  have  large  power. 
You  wonld  want  large  air  ways,  and  in  that  case  you 
could  have  llie  temperature  ledncod  at  the  face ;  but 
in  giving  an  answer  to  a  theoretical  question;  I  say 
that  if  you  liked  to  compress  and  send  the  air  in 
through  these  pipes  you  could  get  it  at  the  faces  at  a 
much  lower  temperature  than  by  other  means. 

500.  You  mean  that  if  you  could  generate  a 
greater  velocity  then  the  object  might  be  attained  ?-~ 
Yes. 

501.  But  you  are  aware  that  the  resistance  to  the 
passage  of  the  air  would  increase  in  a  much  higher 
ratio  than  the  velocity  ? — Yes, 

502.  And  tiiat  therefore  any  increase  of  reloci^ 
produces  a  very  serious  impewncnt  to  Meeting  that 
object  ? — ^It  is  a  question  of  mechanical  power,  and 
if  you  arc  really  ^ven  by  circumstances  which  place 
you  iu  such  a  pontion  that  you  must  have  cool  air, 
that  appears  to  me  to  be  tho  most  effectual  way  to 
get  very  cool  air  at  a  very  remote  poiut  ia  a  rains : 
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X  34  but  whether  yon  could  attain  this  object  would  depend 
O  E^it,  Eaq.  upon  the  quantity  which  70U  could  Bend  in. 

and  508.  Then  it  comes  to  Uiis,  that  at  rery  great 

Mr.  F.  WUmer.  depths  you  mnst  have  cool  air  in  greater  qnantitiee, 

  and  that  in  order  to  get  that  cool  air  you  must  have 

Mth  Feb.  1869.  g^qjenaive  applianceB  of  some  kind  ?— Tea ;  and  I  am 
quito  nn|ffepared  to  define  what  those  appliances 
^uldhe. 

504.  And  the  cost  of  those  appliances  would  have 
the  eflfeet  of  {noreasing  the  cost  <n  working  the  coal  ? 
— ^It  would. 

505.  {Mr.  Dickiiutm.)  Up  to  the  present  time 
are  not  some  of  the  lai^est  volumes  m  air  passed 
through  pits  and  obtained  by  furnace  power  ? — ^Yes. 

606.  Might  not  it  be  carried  on  by  fimiace  power 
instead  of  by  machine  power  ? — I  think  not.  I  may 
mention  that  in  one  of  my  coUierieB  out  of  a  7^  feet 
diameter  up-cast  shaftjwe  get  150,000  cubic  wet  a 
minute  with  a  furnace.  I  do  not  know  anything  like 
it  in  the  country.  There  are  lai^  air  ways,  and  it 
is  a  deep  pit. 

507.  {Mr.  Viinan.)  The  greater  the  depth  of  the 
pit  the  easier  is  the  fiimace  ventilation,  is  it  not  ?— 
Tes ;  we  are  now  mnking  a  lai^e  one.  I  might 
mention  a  circumstance  wi&  whidi  I  was  very  much 
Btmck  some  few  years  f^o.  The  fbmace  is  about 
20  fathoms  above  the  Hutton  seam,  and  stands  about 
100  yards  &om  the  shaft,  and  there  is  a  qnantity 
of  air,  perhaps  20,000  or  30,000  cubic  feet,  coming 
up  from  the  Hutton  seam,  and  which  joins  the  air 
which  has  passed  over  the  furnace  ;  and  one  of  the 
reasons  wliich  I  think  enables  us  to  get  such  a  current 
is,  that  when  that  frcBh  air  comes  into  contact  with 
the  smoke  which  comes  fh)m  the  furnace  the  shaft 
is  a  complete  volume  of  flame,  and  we  have  scarcely 
any  smoke  at  the  top  of  the  pit.  The  first  time  I  saw 
it  I  was  much  idarmed,  and  thought  that  the  whde 
place  was  on  fire. 

508.  In  constructing  a  fiimace  drift  do  you  not 
make  a  travelling  road  along  each  side  of  it 
Tes. 

509.  That  travelling  road  removes  the  heat  de- 
rived teem  the  furnace  drift  from  the  coal  ? — Tes. 

510.  Would  not  that  be  putting  the  furnace  drift 
in  exactly  the  same  condition  as  the  drift  which 
I  have  imagined  to  be  alongside  of  your  main  air 
ways  ?  Would  not  it^be  possible  to  drive  small  drifts 
alongdde  of  the  main  air  ways,  and  to  ventilate  them, 
and  by  that  means  to  isolate  your  main  air  way  ?— 
Tes  ;  but  it  requires  to  be  looked  at  practically.  In 
almost  every  deep  pit  you  have  a  constant  crushing ; 
it  is  different  in  deep  pits  from  what  it  is  in  pits 
of  more  moderate  depth.  I  have  not  seen  a  deep  pit 
yet  where  if  left  to  itself  in  the  course  of  a  veiy 
few  years  the  most  perfect  road  would  not  be  closed 
up.  There  is  a  constant  pressure  going  on  upon 
arohee,  and  I  do  not  think  that  you  would  be  able  to 
preserve  what  we  call  in  pit  language  an  airtight 
communication.  Tour  inner  arch  wcmM  commnni- 
cate  with  the  outer  one,  and  tiie  outer  one  would  be 
crushed. 

511.  Suppose  that  you  had  air  ways  and  travelling 
roads  driven  alongside  of  your  road?— Then  you 
would  get  into  the  difficult  of  the  great  width. 

512.  I  am  comtemplating  a  road  of  the  present 
aise,  and  alongside  of  it,  at  a  small  distance,  a  small 
travelling  road  driven  exactly  as  in  the  case  of  a 
furnace  drift,  along  which  a  certain  current  of  air 
should  pass  ? — ^You  mean  all  in  the  coaL 

518.  I  do? — ^Your  are  speaking  now,  I  suppose, 
of  two  co:  yards. 

514.  Yes  ? — ^If  it  was  much  more  there  would  be 
no  advantage,  because  the  interposing  portion  would 
be  in  contact  with  the  toq£  and  the  sill,  and  you 
would  not  have  any  protection. 

515.  {Chairman.)  Having  reference  to  what  you 
actually  observed  at  Monkweannouth,  and  also  to 
what  you  have  stated  as  to  what  you  consider  prac- 
ticable in  the  way  of  increasing  ventilation,  and  the 

.  expense  which  would  attend  that  increase  of  ven- 
tilatioQ,  and  ahM  taking  into  consideration  the  pos- 


sible increase  of  wage  which  would  have  to  be  paid 
to  men  working  under  a  higher  temperature  can  you 
form  any  idea  of  what  would  be  the  greatest  prac- 
ticable depth  at  which  coal  could  be  commercially 
worked.  How  much  &rther  could  we  go  down 
without  encountering  difficulties  so  formidable  that 
the  coal  could  no  longer  be  worked  commercially  ?— 
I  could  not  answer  that  question.  I  should  not 
despair  of  my  coal  as  being  unworkable  if  it  were 
at  a  depth  which  would  not  exceed  100"  of  tempera- 
ture, 

516.  Ton  think  Uiat  yon  might  go  to  any  depth 
at  whicAi  the  temperature  did  not  exceed  100^? — ^Tes. 

517.  Do  you  think  that  at  that  depth  you  could 
work  coal  as  cheaply  as  you  could  at  a  smaller  depth  ?— 
No.  I  could  not  do  any  sort  of  work  so  cheaply  at 
80°  as  I  could  at  65%  we  find  that  we  have  more  to 
pay. 

518.  Then  in  reality  depth  becomes  a  formidable 
obstacle,  even  at  the  depth  of  Monkwearmouth 
colliery  ? — ^It  does.  Neither  man  nor  bcsrse  can  do 
the  same  work  in  a  temperature  of  80^  in  a  mine  as 
in  a  temperature  of  65°. 

519.  What  is  the  depth  of  Monkweannontii 
colliery  ?-^bout  1700  to  1800  feet 

520.  Hien  would  yon  consider  that  depdis  exceed- 
ing 2,000  feet  would  be  v^  formidable  to  work  on 
account  of  the  temperature ;  it  would  be  a  temperature 
of  about  7°  above  that  of  Monkwearmouth  ooUieiy  ? 
— ^I  do  not  think  that  it  would  be  too  much. 

521.  SUll  you  say  that  at  Monkwearmouth  the 
expense  increases  on  account  of  the  depth  ? — Yes  ;  it 
costs  more. 

522.  I  understand  you  to  say  that  a  depth  corre- 
sponding to  a  temperature  of  100°  would  be  the  limit, 
but  that  as  you  advanced  towards  that  you  would 
still  increase  in  the  expense  of  working  ? — I  should 
scarcdy  say  that  that  would  be  the  limit ;  but  with 
the  present  ideas  which  I  have  about  it  I  do  not  place 
a  very  high  value  upon  any  coalfield  which  would  be 
worked  at  a  depth  corresponding  with  a  temperature 
of  100°.  I  think  that  I  ought  to  qualify  that  observa- 
lion,  80  Uiat  it  may  not  be  said  to  my  children  hereafter 
that  that  was  my  limit.  I  have  little  doubt  in  my  own 
mind  that  someUiing  will  be  invented,  at  any  rate  we 
may  hope  that  something  will  be  invented,  which  will 
en^le  us  to  go  much  lower  than  that. 

523.  Can  you  conceive  anything  which  could 
possibly  have  an  infiuence,  excepting  greater  ventila- 
tion ;  do  you  think  that  there  is  an  opening  for  any- 
thing more  ? — I  am  not  in  a  condition  to  foresee  what 
can  be  substituted  for  ventilation. 

524.  {Mr.  Dickinson.)  But  you  have  already  said 
that  the  greater  facility  with  which  the  coal  is  worked 
at  Monkwearmouth  counterbalances  this  increase  of 
temperature,  as  far  as  you  have  already  gone  ? — I  have 
stated  that ;  but  we  are  now  speaking  of  what  you 
would  call,  I  suppose,  the  inconvenience  and  cost  of 
labour.  I  have  no  doubt  that  the  hewing  of  the  coal 
at  Monkwearmouth  colliery,  if  it  was  at  a  deptli  of 
50  or  60  fathoms,  instead  of  being  at  a  depth  of  260 
fathoms,  could  be  worked  at  from  15  to  20  per  cent, 
less. 

525.  {Chairtnan.)  So  that  m  point  of  &ct  the  softnees 
of  the  coal  there  does  not  counteract  to  the  full  extent 
the  efiect  of  temperature  ? — My  object  is  to  draw  the 
comparison,  and  to  show  that  the  working  of  that 
colliOTy  is  crippled  by  means  of  the  increased  heat  to 
the  extent  of  fit)m  15  to  20  per  cent,  as  compared  to 
the  suppontion  that  it  was  only  at  the  depth  of  60 
instead  of  260  fathoms,  all  circumstances  being  tiie 
same. 

526.  Bo  yon  think  that  that  ratio  would  prevail 
if  you  went  to  greater  depths  ? — I  think  that  it  would 
do  more  than  prevail,  because  the  difference  of  tem- 
perature between  60°  and  70°  will  not  be  so  oppres- 
sive, I  apprehend,  as  the  difierence  between  90<* 
and  100°. 

527.  {Mr.  Dickinson.)  Tou  have  stated  that  the 
quantity  of  gas  appears  to  be  very  small  at  iJie  great 
depth  of  the  Monkwearmouth  collkry  ?— Tee. 
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528.  Have  yon  found  the  same  to  weml  under 
these  great  depths  in  South  Wnlefl  ?  Is  there  any 
increase  of  gas  under  the  mountains  in  proportion  to 
the  increase  of  temperature  7 — iRiere  is  no  gas  at  all 
in  Upper  Duflryn. 

529.  Some  mining  engineers  hold  that  the  quan- 
tity of  gas  to  be  dealt  with  increases  with  the  depth  ? 
—I  do  not  know  whether  you  have  read  what  I  have 
Btated  nptm  that  point  in  my  address  to  the  mining 
engineera. 

SdO.  {Chairman.)  You  have  given  us  a  certun 
increase  of  cost  in  the  MonkwearmouA  edliery,  and 
you  say  that  if  that  coal,  instead  of  being  at  a  depth 
of 260  fathoms,  were  at  a  depth  of  60&thom8,  the 
people  would  ^  the  work  Iot  from  10  to  SO  per  cent 
tess  mouOT  ? — ^Tes. 

581.  {Mr,-  Vivian,)  That  is  supposing  the  coal  to 
be  as  tender  ? — ^Tes ;  supposing  everything  to  be  the 
same. 

532.  (Chairman.)  Supposing  that  you  went  to  a 
depth  where  you  would  have  l<f  more  heat,  say  90", 
yon  have  already  formed  an  estimate  of  what  is  the 
increase  of  wage  due  to  temperature  in  the  case  of 
the  present  depth  of  Monkwearmouth  colliery,  can 
you  form  a  rough  estimate  of  what  the  increase  of 
cost  would  be  u  the  temperature  were  lO**  higher  7 
—I  should  think  that  it  would  take  another  ^  per 
eent.  to  go  to  90°. 

533.  So  that  depth  in  that  case,  as  c(Hnpaied  with 
the  shallow  depth  of  60  fothoms,  would  be  duirge- 
ahle  with  85  per  cent  ? — ^Yee,  as  compared  with  very 
shallow  pits. 

534.  And  if  you  went  to  the  extreme  temperature 
of  100"  the  expense  would  be  very  great^  and  very 
difficult  to  estimate  ? — ^Tes. 

535.  {Mr.  Vivian.)  That  would  be  upon  hewing ; 
but  would  the  same  apply  to  all  the  other  labour  in 
tiie  mine  ? — I  think  that  I  should  put  it  down  to  the 
horse  labotu*  and  the  manual  labour. 

536.  The  whole  of  the  manual  labour  ? — I  think 
so.   Horses  really  suffer  more  in  those  hot  pits. 

537.  This  is  upon  the  assumption  that  you  can 
adopt  no  means  of  reducing  the  temperature  of  the 
■ir  in  those  deep  pits  ? — Tea. 

538.  But  your  opinion  is  that  yon  can  adopt  means 
to  reduce  the  temperature  ?--Ye8. 

539.  (Chairman.)  By  mcoe  ei^ensive  alli- 
ances ? — By  enlarging  the  air  courses  and  improving 
your  mechanical  ventUation. 

539a.  All  of  which  would  involve  an  increase  of 
expense  ? — ^Yes,  I  think  that  it  would. 

540.  {Mr.  Vivian.)  Does  mechanical  ventilation 
involve  increase  of  expense  7 — In  the  first  instance  it 
does  i  but  I  have  alluded  to  the  Duffiyn  collieries, 
and  tiiere  has  been  there  a  very  great  saving.  The 
shaft  used  to  be  almost  as  hot  as  a  blast  furnace,  imd 
we  have  now  got  rid  of  idl  that  My  upcast  pit 
there  was  nearly  200",  and  I  have  known  die  men  to 
go  up  ud  down  at  that  high  t^perature. 

{Cksirman.)  In  the  drying  stoves  in  my  foundry 
the  men  will  for  a  few  moments  bear  a  temperature 
which  win  dnge  their  hair. 

541.  {Mr.  Vivian.)  As  a  fact,  both  in  labour  and 
in  co^,  the  maintenance  of  mechanical  ventilation  is 
cheaper  than  that  of  ventilation  by  furnace  ? — ^Yes  ; 
I  have  a  great  number  of  those  appliances  at  work, 
and  I  am  very  much  pleased  vrith  them. 

542.  So  that  it  does  not  of  necessity  follow  that 
20  per  cent  wonld  be  added  to  the  working  cost  of 
these  mines  by  reason  of  increased  depth,  inasmuch 
as  by  increased  ventilatii^  power,  whidi  might  also 
not  be  attended  with  increased  cost,  yon  might  so 
keep  down  the  temperature  so  as  to  enable  men  to 
work?— Yes. 

648.  I  do  not  think  that  what  I  have  gathered 
from  year  ^"evious  evidence  wonld  lead  me  to  beUere 
that  your  opinion  is  that  it  wonld  be  hopeless  to 
work  a  mine  at  such  a  depth  as  would  by  calculation 
assign  to  it  a  temperature  of  over  100°  ?— No.  If  I 
have  made  myself  understood  I  mean  this,  that  with 
our  present  means^  and  as  the  work  is  now  being 
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dtme  m  the  deep  pits  at  Seaham  and  at  Monkwear-      ^  35 
month,  which  are  two  of  the  largest  and  deepest  pits      ElUot,  Etq. 
we  have,  and  which  were  both  under  my  care  for  and 
many  years,  if  the  same  work  as  is  done  there  in  all  Mr.  P,  WUma-. 
respects  were  done  at  150  &thoms  less  it  could  be 
done  at  from  15  to  20  per  cent  lees  than  is  now  paid. 
I  believe  that  if  those  pits  were  sunk  to  such  a  depth 
as  to  increase  the  temperature  10"  more,  or  to  some- 
thing like  90^,  it  would  then  crat  20  per  cent  more 
than  it  is  now  costing,  and  if  they  went  to  100"  I  am 
unable  to  sajr  what  it  wonld  cost.   Now,  in  additicm 
to  that,  and  in  qualificatiim  of  tha^  I  believe  t^t 
the  present  condition  of  things  can  be  veiy  materially 
helped  by  improved  ventilatmn,  and  titat  may  enable 
us  to  go  much  deeper  than  11XP, 

544.  {Chairman,)  Then  you  have  not  a  distinct 
opinion  as  to  what  the  limit  of  temperature  wonld  be, 
but  yon  have  not  a  distinct  opinion  as  to  what  the 
limit  of  depth  would  be  ? — ^I  should,  fra-  the  purpose 
of  answering  the  question,  adopt  the  principle  of  1" 
in  60  feet,  which  we  have  always  considered  sufficient 
for  this  purpose. 

545.  Then  am  I  to  infer  that  you  cannot  form  an 
opinion  as  to  what  really  would  be  the  practicable 
depth  to  go  to  without  exceeding  a  limit  of  tempe- 
rature which  you  consider  would  not  be  a  bar  ?— 
I  do  not  think  that  any  opinion  oould  be  given  upon 
that  point  which  would  be  worth  building  any  con- 
clusion upon ;  at  uiy  rate  mine  would  no^  so  ftr  as 
I  judge  of  it  myseHi. 

546.  Theai  yon  connder  it  a  very  uncertiun  pro- 
blem ? — think  that  it  is,  as  there  are  so  many 
elements  which  enter  into  it.  We  are  unacquainted 
with  what  amount  of  work  a  large  number  of  men 
can  perform  under  such  a  high  temperature  as  that 
would  be.  Then,  again,  if  the  cost  of  the  coal  was 
so  materially  increased,  I  do  not  know  how  It  could 
compete  witii  the  rest  <^  tiie  world ;  it  must  be  sup- 
poscxl,  I  presume,  to  have  to  remain  until  the  othw 
coal  was  gone. 

547.  {Mr.  Vivian,)  Your  evidence  goes  upon  the 
assumption  <tf  the  same  amount  t>f  manual  labour 
being  required  to  produce  coal  as  is  required  now  ? — 
Yes. 

548.  Supposing  that  cutting  by]  machinery  were 
practically  introduced,  do  yon  not  think  that  that 
mi^t  considerably  modify  it? — No;  there  wonld  be 
no  relief  from  that,  for  this  reason,  that  the  coal  is  so 
easily  got  now  that  a  machine  would  be  of  no  use  at 
all  in  those  deep  pits.  I  am  not  certain  that  all  the 
coal  may  be  so  good  to  get  in  deep  pits,  but  wherever 
I  have  seen  deep  pits  the  coal  has  always  been  very 
easy  to  get. 

549.  {Mr.  IHchtmon.)  Practically  you  may  main- 
tain an  amount  of  pressure  to  bear  upon  the  surfoce  so 
that  it  will  almost  work  of  itself. 

550.  {Mr.  Ftvton.)  No  doubt  a  new  order  of  things 
might  be  introduced  into  voy  de^  pits,  might  it  not 
be  necessary  to  work  by  machinery  7—1  think  that 
there  might  be  no  necessity  for  horses  undoignmnd. 
The  system  of  the  air  machines  will,  I^beUeve,  entirely 
supersede  the  use  of  horses;  they  are  the  most  handy 
thhigs  which  were  ever  introduced. 

551.  {Mr.  Dichingofi.)  They  not  only  do  the  work 
of  a  horse,  but  they  tend  to  some  extent  to  ventilate 
the  mine,  and  to  cool  it  ? — ^Yes. 

552.  {Chairtnan.)  But  you  can  only  use  those  air 
machines  on  main  vra^s  ? — Hmt  is  not  so ;  we  carry 
them  in  with  a  two-mch  gas  pipe.  We  use  them 
wherever  we  can  get  a  gas  pipe,  and  can  conduct  th«m 
to  anj  place. 

553.  {Mr,  Vivian.)  And  they  ke^  reducing  the 
temperature  themselves  ?— Yes;  it  would  be  a  very 
inccnLTOiient  thing  if  thejr  heated  the  air  as  fost  as 
th^  co(ded  it 

554.  Is  there  not  a  constant  production  of  ice?— 
Yes. 

555.  {Chairman.)  You  would  have  the  atmo- 
sphere considerably  cooled  immediately  round  the 
machine  ?— It  is  not  only  cooled  immediately  round 
the  machine  but  yon  feel  it  down  the  engine  bank 
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^  36  ^      back.   When  you  are  at  a  temperature  of 

O.  EBht,  Esq,        if  you  throw  ever  bo  little  ice  in,  it  feels  as  if  you 
ud        were  going  into  a  vault.    I  do  not,  however,  lay  a 
Mr.  F.  Wilmer.  stresa  upon  that  in  working  the  deep  mines,  al^ough 

  it  will  in  some  d^ree  help  to  cool  the  ur. 

«4tliFeli.iM9.  g5g^  ^jjf^,  DickuuoH.)  Do  you  think  that  the  com- 
pression of  ur  is  too  expensive  a  process  to  be  applied 
generally,  to  the  workiug  of  deep  mines  ? — am  ^raid 
that  it  would  be  difficult  to  get  in  a  sufficient  volume 
of  ail,  ub  the  quantity  required  would  be  very  large, 
but  it  had  a  great  etfect.  I  might  observe  that  the  cost 
of  working  the  coal  is  made  up  of  many  different 
items,  and  the  bulk  of  these  woiUd  not  be  very  mate- 
rially affected  by  this  increased  depth.  For  example, 
supposing  that  your  coal  costs  you  Ss.  or  6s.  a  ton  to 
bring  to  the  top  of  the  pit,  there  is  not  more  than 
perhaps  2s.  6d.  of  that  which  I  consider  would  be 
affected  by  this  increase,  therefore  it  would  be  almost 
as  cheaply  worked,  even  paying  a  higher  price  for  the 
mere  manual  labour.  For  example^  I  say  that  we  can 
dispense  with  horses. 

557.  (Cftamnon.)  But  you  can  dispense  with  tliem 
in  shallow  mines  ? — ^Yes,  you  can. 

568.  Therefore  you  must  not  put  that  down  as  an 
item  in  favour  of  a  deep  mine  ? — I  am  speaking,  when 
you  get  to  the  high  temperatures,  about  the  enormous 
increase  of  expense.  I  am  entitled  to  point  out  tliat 
there  is  not  that  increase  upon  these  horses,  which 
need  not  be  used.  I  am  speaking  carefully  when  I 
■ay  that  one  hali'  of  the  5s,  or  6s,  would  not  be 
anected  by  the  increased  heat,  consequently  you  have 
a  sum  of  from  2s.  to  3s.  which  would  be  affected  by 
the  increased  temperature,  and  not  more. 

559.  What  portion  of  the  whole  cost  of  the  work 
iionsiBts  of  the  manual  labour  in  the  mine  ?— It 
depends  upon  drcumstances,  but  upon  the  aren^ 
the  manual  labour  I  dionld  say  would  not  exceed 
2s,  6d. 

560.  What  is  the  proportion  of  the  whole  cost  ? — 
It  varies  very  much  according  to  the  pits. 

561.  At  Seaton  would  it  be  one  half  of  the  whole 
cost  ? — It  varies  very  mucb,  but  I  should  think  that 
you  could  not  be  very  far  wrong  in  saying  that  it 
would  be  so  on  the  average. 

562.  So  that  the  percentages  which  you  were 
speaking  of  just  now  would  not  be  percentages  upon 
the  price  of  the  coal,  but  only  on  one  half  ? — ^Yes, 
ftnd  I  think  that  I  am  correct  in  saying  leas  than 
one  half  and  nearer  one  third  of  the  cost. 

563.  Of  course  an  increase  of  depth  in  itself 
would  be  an  element  of  increased  cost,  would  it  not? 
There  would  be  the  greater  cost  of  the  shaft,  and  the 
greater  cost  of  windiEg  ? — Tes. 

564.  So  that  there  would  be  other  char^^?— ■ 
Yes  ;  it  would  require  an  increased  capital  to  get  at 
the  coal,  and  no  doubt  there  would  be  the  charge  of 
an  augmentation  of  labour  in  working  the  coal  in 
these  deep  pits  and  at  these  high  temperatures ;  but 
that  would  be  limited  to  the  mere  employing  of  men, 
with  the  higher  wage  which  they  would  be  paid.  It 
would  not  affect  the  timber.  It  would  not  affect  the 
rails.  It  would  not  affect  any  of  the  materials 
employed. 

565.  Would  not  the  greater  depth  afiect  the 
roof? — No.  We  have  very  good  roofs  at  great 
depths.  At  Seaham  there  are  very  deep  pits,  and  I 
hare  never  seen  better  roofs.  I  do  not  think  that 
deep  pita  have  peculiarly  bad  roofs.  The  state  of 
the  roof  depends  upon  many  circnmstinncea.  Some- 
times, for  instance,  when  there  are  balls  of  ironstraie 
they  drop  out. 

566.  (Mr.  Vivian.)  The  fact  of  whether  a  roof  is 
a  good  or  a  bad  roof  depends  upon  the  mere  con- 
tingent circumstances  of  the  roof  itself,  does  it  not  ? — 
The  roof  is  a  question  which  is  a  puzzle.  I  have 
never  been  able  to  ^ttsfy  my  mind  about  it.  If  you 
work  the  coal  in  one  direction  the  roof  is  good,  but 
it  you  ctumge  that  direction  it  is  as  rotten  as  can 
be. 

567.  That  is  at  the  same  place?— Yes,  in  the 
Rime  place. 


668.  {Mr.  DickintoH.)  Sometimes  if  you  change 
the  width  of  the  working  the  same  tiling  takes 
place  ? — Yes. 

569.  (CAotTfltan,)  Have  you  found  creeps  of  the 
floor  at  great  depths  ? — ^Yes. 

570.  A  creep  being  a  rising  up  of  the  flow  due  to 
the  pressui'e  of  the  surrounding  strata  ? — Yea.  Thm 
ia  perhaps  a  greater  tendency  to  creep  in  deep  mines 
than  in  shallower  ones. 

571.  Then  would  you  apprehend  at  a  depth  cor- 
responding to  a  temperature  of  100**  much  difficulty 
on  account  of  the  weight  of  the  superincumbent 
material  lifting  the  floor  ? — No,  I  do  not  think  that 
I  should  consider  that  there  would  bo  much  more 
difficulty  from  that  cause,  because  the  proportion  of 
difficulty  between  our  moderate  depths  and  those 
great  deaths  is  not  great ;  the  difficulty  is  more,  but 
it  is  not  importanL 

572.  {Mr,  Viman.)  Is  not  the  bottom  chiefly 
affected  by  the  circumstance  whetiiOT  there  is  much 
water  or  not  in  the  mine  ? — ^There  is  Tety  seldom  any 
water  at  great  depths. 

573.  But  still  it  does  materially  affect  it 
Yes;  if  there  is  water  the  bottom  becomes  like  a 
sponge. 

574.  So  that  some  of  the  most  difficult  bottoms 
which  you  have  ever  encountered  are  probably  in 
some  of  the  shallowest  mines  ?— -Yes. 

575.  {Chairman.)  With  regard  to  the  evolution 
of  gas  ;  has  pressure  any  influence  upon  tiie  pro- 
duction of  gas  r — I  think  tiiat  it  has. 

576.  Bo  you  think  that  at  great  depths  more  gas 
would  be  squeezed  out  of  the  coal .  than  at  small 
depths  ? — ^It  very  fortunately  happens  for  deep  mines 
that  they  are  almost  entirely  free  trom  gas. 

577.  Are  they  free  firom  gas  because  they  are 
deep  ?  Has  depth  anything  to  do  with  the  absence  of 
gas  r — ^I  have  propounded  a  theory  about  it,  which  I 
daresay  you  may  have  seen  in  my  address  to  the 
mining  engineers.  I  worked  the  Monkwearmouth 
and  the  Seaham  collieries  with  naked  lights  at  a 
depth  of  1,700  or  1,800  feet.  I  will  read  an  extract 
from  my  address,  which  will  explain  what  I  mean  :  "  I 
"  now  wish  to  remark  that,  as  a  general  rule,  pits  of 
"  a  less  depth  than  fropi  60  to  80  fathoms  are  almost 
"  free  from  gas  ;  that  at  from  80  to  180  fathoms  deep 
"  gas  is  most  dangerously  prevalent ;  and  that  after  the 
"  last  limit  has  been  passed  the  workings  down  even 
*'  to  300  fathoms  again  become  comparatively  pure. 
"  A  feasible  reason  for  this  singular  gradation  is  that 

in  the  zcme  first-named  the  gas  has  a  natural  vent 
"  at  the  mouth  of  the  pit,  and  means  of  the 
'*  various  strata  through  which  it  can  filter  to  the 
"  surface."  I  have  no  doubt  about  the  accuracy  of 
that  part  of  it.  *'At  the  middle  zone  or  point  of 
**  greatest  danger  the  gas  has  not  the  same  means  of 
"  dearing  itself,  while  that  generated  there  is  aug- 
"  mented  by  the  gas  ascending  from  the  greater 
<*  depths,  and  the  aj^egate  lunount  stagnates,  to  the 
"  increased  peril  of  those  working  in  it.  Another 
"  reason  is,  tbat  the  gas  generated  in  coal  at  tiie  lower 

depths  is  increased  in  heat  owing  to  the  additional 
**  weight  of  the  supeiincumbent  strata,  a  principle  to 
"  which  I  shall  presently  refer.  The  heightened 
"  temperature  causes  it  to  expund  and  ascend,  and  so 
"  find  its  way  to  the  middle  distance,  which  beoomea 
"  surchaiiged  through  the  vents  not  carrying  it  off 
"  with  sufficient  rapidity.  And  in  my  experienoe  I 
tt  have  found  that  in  this  xone  (80  to  180  fathoma)  a 
"  sudden  fall  in  the  barometer  produces  a  greater 
*'  increase  of  gas  than  in  either  of  the  others ;  another 

proof  how  much  more  it  is  charged."  It  is  purely 
theory,  but  I  have  the  advantage  of  having  obeerved 
the  fact  over  and  over  again. 

578.  {Mr.  Dickinson.)  From  many  hundred  ob- 
aerrations  I  have  not  found  the  gas  increase  in 
quantity  after  passing  a  depth  of  about  200  yards. 
I  consider  that  the  gas  is  as  prevalent  there. 

579.  (Chairman,  to  Mr.  Elliot.)  Is  that  your 
<^inion  ?   1b  it  that  the  gas  is  not  were,  or  that  the 
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gas  is  not  forced  out  ?— We  find  at  great  depths  a 
hissing  of  gas.  We  know  that  it  is  there.  Whether 
it  is  carried  off,  or  whether  it  is  not  composed  of  the 
same  carbaretted  hjdrc^n  which  we  have  at  higher 
parts,  I  do  not  know,  but  I  am  working,  both  in 
Wales  and  in  the  north  of  England,  some  of  tlie 
most  dangerous  pita,  and  they  ate  within  that  par- 
ticular depth.  I  have  worked  them  higher  and 
lower,  and  nearly  along  the  whole  coast  of  Durham, 
and  there  they  are  simple  and  easy. 

580.  Then  you  regard  it  as  a  fortunate  circum- 
stance taat  from  some  cause  or  other  the  lower  seams 
are  less  productive  of  gas,  but  you  tiiink  that  if  they 
were  not  less  productive  of  gas  the  pressure  would 
make  them  more  dangerous,  and  that  it  would  force 
ont  the  gas  more  ? — I  consider  that  the  freedom  of 
risk  from  gas  in  pits  of  great  depth  is  very  fortu- 
nate. If  ute  gas  had  followed  the  ratio  beyond 
180  fathoms,  1  ctmceive  that  the  coal  would  have 
been  utterly  unworkable  by  our  present  known 
means,  because  we  should  not  have  been  able  to 
have  got  a  sufficient  quantity  of  atmospheric  air  by 
our  present  system,  and  none  of  those  deep  pita  could 
have  been  worked  had  there  been  the  same  ratio 
of  gas  down  to  the  depths  at  which  we  ai'e  now 
working  the  coal.  Therefore  my  observation  with 
reference  to  the  increase  of  ventilation  is  based  upon 
the  necessity  of  baring  it  not  so  much  for  the  pur- 
pose of  safety  to  the  mine  as  a  protection  against 
explosions,  but  to  supply  the  workmen  with  a  cooling 
atmosphere  in  which  they  can  work. 

581.  {Mr.  Vivian.)  As  a  fact,  is  it  more  difficult 
to  get  air  into  a  deep  mine  than  into  a|Bhallow  mine  ? 
Hare  yon  not  the  longer  leg  of  Uie '  upcast  to  help 
you  ? — ^Tes ;  but  we  find  that  at  a  depth  of  160  or 
170  fathoms,  where  I  am  working  with  160,000  cubic 
feet  of  ur  per  minute,  the  working  Las  been  on  the 
point  of  being  shut  np  on  account  of  its  dangerous 
properties.  Now  if  the  quantity  of  gas  had  increased 
twofold  I  could  not  have  worked  it  at  all. 

582.  {Chairman.)  Supposing  that  all  seams  had 
been  alike  in  point  of  richness  in  gas,  would  the 
increase  of  pressure  at  great  depths  have  imposed  a 
difficulty  in  working  the  coal.  In  other  words, 
would  the  pressure  have  squeezed  the  gas  out  more  ? 
— No,  I  think  not. 

583.  Then  you  think  that  the  weight  of  the 
Buperincambent  mass  has  nothing  to  do  with  the 
evolution  of  the  gas  from  the  cwl  7 — I  «n  unpre- 
pared to  say  that,  but  I  am  quite  prepared  to  state 
that  in  the  lower  depths  feotn  180  to  300  fathoms 
we  have  less  gas  than  we  have  in  a  corresponding 
distance  higher  up  vritb  less  pressure. 

584.  Do  you  uiink  that  there  are  good  grounds 
for  the  assurance  that  at  greater  depths  diat  ex- 
emption from  gas  would  contir^ue  ? — My  observations 
extend  over  very  many  miles,  and  over  several  deep 
collieries  in  different  parts  of  the  country,  and  I  do 
not  know  an  exception  to  the  rule  that  where  you 
pass  the  depth  which  I  have  specified  you  do  not 
experience  tiie  same  inconvenience  from  gas. 

585.  Have  you  known  cases  of  a  seam  forming  a 
basin,  and  at  the  part  where  it  is  near  the  surface 
being  dangerously  gaseous,  and  at  the  part  where  it 
is  deep  from  the  sur&ce  not  being  gaseous  ? — I  have, 
and  that  is  the  rule.  Take,  for  instance,  the  outcrop 
in  the  conn^  of  Durham;  b^in  if  you  like  at 
Chester-le-Street,  and  go  fh>m  were  eastward  half 
vray  to  Sunderland,  and  you  will  find  from  the  out- 
crop to  the  depth  of  60  or  80  fathoms  an  almost 
total  exemption  from  gas.  Beyond  that,  in  which 
there  are  very  many  pits  following  the  same  seam, 
take,  for  instance,  the  dbtrict  between  the  rivers 
Tyne  and  Wear,  yon  will  find  gas  plentiful  between 
the  80  and  the  180  fathoms.  Following  the  same 
seam  still  to  Monkwearmouth,  Harton,  Seaham,  and 
SeatoD,  it  is  almost  entirely  exempt  from  gas. 

586.  And  that  is  the  mle? — ^Tos ;  those  I  have 
named  are  the  deep  pite. 

587.  The  cases  of  that  kind  are'  sufficiently  nume- 
rous to  lead  yon  to  think  that  that  is  die  rule  ?— 


Tes ;  that  is  certainly  the  practical  result  of  our      A  S7 
workmg  coal  at  these  several  depths,  which  enables  g.  ElSat,  Eaq, 
one  to  deduce  a  conclusion,  without  perhaps  being  and 
able  to  found  a  law,  that  at  these  great  depths  there       ^-  W-Umer. 
is  an  immunity  from  that  dangerous  element  which  ^^77",-.- 
we  meet  with  in  the  lesser  depths.  240i  iBW. 

588.  {Mr.  Dickinson.)  I  suppose  that  in  some 
of  these  instances  which  you  speak  of  the  coal  is  not 
worked  from  the  crop  in  a  descending  order,  so  as  to 
let  off  the  gas  from  the  seam  spoken  of  ? — It  may 
have  been  worked  by  sinking  little  pits.  Coal  has 
generally  been  first  worked  near  the  croj^  and  then 
the  workings  have  gradually  extended  deeper. 

589.  At  Monkwearmouth  the  working  is  isolated 
from  any  other  working  P— Yes. 

590.  There  is  no  place  where  the  gas  could  have 
been  let  off  from  othei*  collieries  ? — No. 

591.  "Ssi  one  case  a  mine  about  14  yards  in  depth 
was  worked  by  a  level  on  a  bill  side,  and  a  small 
windlass,  and  no  gas  had  been  met  with  for  about 
a  hundred  years.  It  was  only  worked  two  or  three 
days  in  each  year,  for  the  supply  of  two  farmhouses  ; 
but  when  a  pit  was  sunk  a  mile  off  down  to  the  deep 
of  the  coal  these  crop  workings  were  suddenly  filled 
with  fire  damp.  May  not  that  account  for  one  way 
of  getting  rid  of  the  gas  from  the  deep  mines,  namely, 
that  the  atmospheric  pressure  being  brought  to  bear 
allows  the  gas  gradually  to  fiy  upwards,  and  out  of 
the  crop  of  the  mine  ? — ^Xes  ;  it  is  unusual.  You  veir 
rarely  have  a  very  close  (Kmipact  loof  over  that  coal. 
It  depends  upon  that 

592.  And  it  was  free  from  faults.  As  soon  as  I 
found  that  to  be  the  case  I  said  to  the  manager  that 
he  would  find  the  ground  tolerably  free  from  faults. 
He  said  that  he  hoped  that  my  words  would  come 
true,  and  they  have  come  true  ? — In  a  question  of  this 
kind  you  must  rather  deal  with  large  views,  and  take 
in  a  great  many  experiments.  You  may  have  excep- 
tion, and  perhaps  this  is  one  of  them. 

593.  I  do  not  thmk  that  it  is  any  exception  to 
your  view  7—0^7  view  irauld  have  been  that  if  this 
strata  had  cracked  and  broken  the  gas  ought  to  have 
found  its  way  np.  At  the  Oaks  cillery  the  fissures 
were  at  a  great  depth.  It  was  cracked  up  t/6  the 
surfacCj  and  the  gas  came  out  right  into  the  quarries. 
You  coidd  not  have  the  theory  better  illustrated  than 
by  that  case,  and  it  made  a  very  strong  impression 
upon  my  mind. 

594.  {Mr,  Geddes.)  In  those  zones  to  whit^  you 
refer  is  there  any  large  fault  separating  two  zones  ?— 
The  zones  of  which  I'speak  extend  over  large  dis- 
tricts of  country.  Tliere  are  ikults,  perhaps  not  very 
nwny.  Many  of  the  f^lts  run  nearly  full  dip. 
Whm  Toa  have  a  fault  nmning  full  dip  it  produces  a 
sort  of  local  Telie£  I  am  speaking  now  of  20  or  80 
miles  of  length. 

595.  There  is  no  great  &ult  in  the  strata  which 
would  naturally  explain  the  difference  in  the  gas,  is 
there  ? — I  have  not  been  able  to  account  for  it  by  the 
&ults  in  any  way. 

596.  {Mr.  Vivian.)  Will  you  give  us  your  expe- 
rience as  to  the  working  of  the  mines  in'  South 
Wales  i  do  you  find  the  exemption  from  gas  equally 
remarkable  in  South  Wales  ? — No.  In  Ibe  Soutl. 
Wales  district,  and  in  the  Aberdare  Valley  down  to 
the  depth  of  whidi  I  have  spoken,  yon  have  almcwt 
an  entire  exemption  from  gas ;  then  when  you  get 
away  again  into  what  I  call  the  dangerous  zone 
you  have  the  gas.  We  have  not  yet  got  to  those 
great  depths  at  which  we  hope  to  experience  the 
exemption  which  we  have  in  the  north  of  England. 

597.  {Mr.  Dickinson.)  On  getting  under  the  hills, 
where  you  get  to  a  very  great  depth,  do  you  find  an 
increase  in  the  quantity  of  gas  ? — In  Upper  Duffryn 
there  is  no  gas. 

597a.  Tlwt  confirms  your  experience  in  titie  coun^ 
of  Durham  ? — ^Yet.  Jn  the  Upper  Duflryn  pit  it  la 
free  from  gas,  just  the  same  as  at  Monkwearmoudi. 

598.  Hu  not  the  gas  escaped  out  of  the  ca«l  at 
the  crop  on  the  hill?— Yes ;  next  the  outcrop  {  but 
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A  8g  at  Lower  Daflryn,  when  weget  down  to  a  greater 
G.  BBM,  Etq.  depth,  we  have  a  great  deal  ofgas. 

and  599.  (Jfr.   Vivian  to  Mr.   WUtner.)    Will  you 

Mr.  F.  WHmer.  ^^piajn  the  pecaliar  circumstauces  which  yoa  noticed 
«ui.vur"iaM  in  your  experiments  at  Lower  DuflfiTn? — noticed 
am  TOD,  imv.  ^^^^^  ^^^^  although  the  strata  was  increased  to  1»588 
feet  from  830  feet  the  temperature  in  the  hole  was 
lower. 

600.  How  do  you  account  for  that  ? — There  was 
a  strong  blower  of  gas  issniug  from  the  hole,  which 
was  sensibly  cooler  to  the  touch. 

601.  That  gas  was  coming  off  under  great  pres- 
sure ?— Under  great  pressure. 

602.  And  .consequently  absorbing  latent  heat  fcom 
llie  ur  ?~Tee. 

603.  What  was  the  temperature  oatude  the  hole  ? 
—78°. 

604.  That  would  be  about  the  temperature  due  to 
the  depth  ? — ^Yes  ;  a  little  more.  I  thought  the  cir- 
cumstance so  extraordinary  that  I  tried  two  or  three 
holes,  but  I  could  not  meet  with  one  which  was  free 
from  gas.   They  all  gave  nearly  the  same  result. 

605.  (Chairman  to  Mr.  Elliot.)  B^erring  to  the 
Monkwearmouth  colliery,  has  there  been  any  decrease 

temperature  there  since  the  colliery  was  opened  ? — 
I  have  not  been  there  recently,  nor  have  I  made  any 
observations. 

606.  For  what  length  of  time  did  you  observe  the 
temperature  ? — For  several  years ;  and  during  that 
time  we  never  could  find  any  appreciable  variation. 

607.  Then  is  it  your  opinion  that  the  colliery 
after  being  opened  and  worked  for  a  considerable 
time  will  not  decrease  in  temperature  merely  by  the 
exposure  of  the  surface  of  the  coal  ? — ^The  tendency 
is  to  increase  rather  than  to  diminish,  because  you 
are  always  exploring ;  you  are  laying  bare^  as  it  were, 
more  of  the  roof  and  sill  which  is  equally  hot  with 
the  coal;  your  explorations  are  becoming  hi-ger,  and 
yon  have  perhaps  a  fixed  quantity  of  air  going  in. 

6U8.  In  the  establbhed  air-ways,  I  presume  that 
the  temperature  would  diminish  ^— It  very  soon  gets 
to  that.  I  have  not  made  many  observations  with 
respect  to  that.  We  used  to  find  that  at  500  yards 
in  from  the  bottom  of  the  pit,  and  at  1,000  and  1,500 
yards,  and  so  on  up  to  the  extreme  distance  explored, 
thOTe  seemed  to  be  fixed  temperatures.  Aflsr  you 
got  away  from  the  bottom  of  tbe  pit,  it  used  to  vary 
ui  the  winter  and  in  the  summer ;  and  curiously 
enough  it  used  to  vary  in  this  way,  in  the  winter  as 
the  air  went  in  it  became  warmer,  and  in  the  summer 
as  it  went  in  it  became  colder,  until  it  came  to  a  point 
where  the  natural  t^perature  of  the  mine,  as  it  were, 
took  duHige  ik  lit  and  kept  it  nniform  during  the 
whole  time. 

609.  (Mr.  Dickinson.)  According  to  the  experi- 
ments which  you  have  made  in  South  Wales,  there 
are  some  discrepancies  with  regard  to  the  increase  of 
temperature  under  the  hills  in  proportion  to  what 
you  would  expect  to  find  below  the  sea  level.  Is 
there  any  explanation  which  you  would  like  to  give 
on  that  subject  ?— -I  will  refer  ^on  as  an  explanation 
of  that  to  my  address  to  the  mining  engineers,  where 
you  will  find  the  following  at  page  13  : — "  But  it  is 
"  only  right  to  add,  that  the  course  of  experiments 
**  from  which  this  general  law  is  deduced  has  ao- 
"  quainted  me  with  exceptional  instances,  in  which 
■*  the  temperature  has  not  been  so  high  under  a 
<*  mountain  as  its  height  would  lead  one  to  expect. 
«  But  in  all  such  cases  I  have  had  reason  to  b^eve 
"  that  the  apparent  discrepancy  between  theory  and 
"  fact  could  be  accounted  for  by  the  exudation  of 
**  highly  compressed  gas  from  the  strata.  This  was 
"  sensibly  cooler  to  the  touch,  just  as  is  ^e  air 

which  escapes  from  the  high  pressure  pneumatic 
"  engines  to  which  I  have  just  referred.'* 

610.  (Chairman.)  Assuming  3,000  feet  in  depth 
to  COTrespond  with  a  temperature  of  100°,  what  would 
be  the  cost  of  sinldng  to  that  depth  ? — ^B^  "  sinking  " 
I  sappose  that  yoa  mean  to  make  an  efficient  winning 


for  the  purpose  of  working  to  such  an  extent  as  to 
justify  the  amount  of  outlay. 

611.  Yes?— In  sinking  a  pit,  the  depth  has  not 
so  mack  to  do  with  it  as  might  appear  to  be  the  case. 
The  great  expense  in  all  our  important  sinldngs  has 
always,  as  a  rule,  been  in  the  ^ret  100  fiithom^  and 
after  that  depth  the  sh^  becomes  nothing  more  nor 
less  than  a  mere  verlacal  tonnel,  because,  as  I  have 
stated  before,  you  have  no  water  at  great,  depths. 
Therefore,  I  do  not  deem  the  mere  cost  of  sinking  or 
the  construction  of  a  winning  to  be  at  all  a  &tal 
objection  to  winning  coal  at  a  depth  of  500  fathoms. 

612.  Then  do  you  think  that  the  temperature 
would  be  an  impediment  to  the  sinking? — I  think 
not ;  for  this  reason,  that  the  air  would  be  carried 
down  vertically  upon  the  men,  and  any  quanti^ 
would  be  within  command ;  so  l^iat  there  would  not 
be  the  slightest  inconvenience  in  sinking  any  such 
depth  as  1,000  yank. 

613.  Would  you  put  the  cost  of  nnking  at  so 
much  a  fathom  all  the  way  down  to  that  extreme 
depth  ?— Yes.  I  think  that  there  would  be  nothing 
formidable  in  the  expense.  X  should  not  estimate  the 
expense  of  such  a  winning  to  be  more  than  from 
100,000/.  to  ]  50,0002.  beyond  the  expense  of  winning 
at  half  the  depth.  It  is  nearly  twice  the  deptii  of 
Monkwearmouth. 

614.  (Mr.  Vivian.)  Would  not  Uiat  extra  capital 
be  divided  into  a  very  mnch  lai^er  quantity  of  coal 
won  than  in  the  case  of  a  shallow  pit  ?— Jt  will  dep^d 
upon  how  much  you  get. 

615.  Would  not  a  larger  area  be  commanded  1^  i 
deep  pit  than  by  a  shallow  pit  ? — ^Not  unless  you  had 
it  under  4eu8e.  The  coal  does  not  always  bekng  to 
the  person  who  sinks  the  pit,  and  he  would  have  to 
acquire  it 

616.  A  deep  colliery  would*  conunand  a  larger  area 
than  a  shallow  one  ?— i  es.  In  a  coalfield,  where  the 
coal  lies  at  great  depths,  the  'pits  are  less  numerous, 
and  I  do  not  think  that  much  more  capital  is  expended 
in  working  the  deep  coal,  in  the  north  of  England 
especially,  than  in  the  shallow  coal,  because  there  are 
fewer  pits,  it  is  nearer  the  port,  and  there  are  less 
waggons,  the  railway  dues  are  also  less ;  but  these 
advantages  perhaps  will  not  apply  toother  parts  of  the 
kingdom. 

617.  (Chairman.)  What  is  the  greatest  extent  in 
your  opinion  to  which  coal  could  be  worked  from  the 
foot  of  a  shaft ;  or,  in  other  words,  what  is  the  greatest 
area  which  oould  be  commanded  by  a  single  shaft  ^— 
I  think  that  I  have  mentioned  in  my  address  that  I 
should  have  no  difficulty  in  working  12  miles  under 
the  sea  by  putting  an  ah  shaft  in  the  sea ;  practically 
you  can  draw  the  coni  as  cheaply  nndeiground  as  upon 
the  sur&ce. 

616.  But  there  la  the  qnestion  of  ventilation  ? — If 
we  had  a  shaft  sunk  at  a  distance  of  six  or  seven  miles 
from  the  shore  (there  would  be  no  difficulty  in  sinking 
in  the  ocean)  you  could  work  beyond  it,  and  you  could 
get  any  amount  of  air  along  between  those  pits.  I  have 
worked  a  colliery  which  was  five  miles  underground ; 
that  is  to  say,  two  miles  and  a  half  from  the  shaft  both 
ways ;  that  makes  five  miles  between  the  extreme  points 
of  the  workings. 

619.  Taki^  into  account  that  the  friction  increases 
in  proportion  to  the  length  the  passages,  and  also 
tiiat  ill  greater  depths  yon  would  require  an  increased 
Tmtilation,  to  it4iat  distance  do  yon  think  that  it 
would  be  practicable  in  the  case  of  extranely  deep 
mines  to  carry  the  lateral  workings  ? — I  believe  that 
at  the  depth  which  we  are  discussing  you  could  wock 
if  you  had  shafts  within  ten  miles  of  each  other. 

620.  That  is  to  say,  that  you  could  work  five  miles 
in  each  direction  ? — Yes. 

621.  Do  you  thmk  that  yon  conld  carry  your  air 
to  that  extremity  ? — ^Yes  ;  it  would  be  right  through  ; 
it  would  communicate  the  pits  with  each  other. 

622.  (Mr.  Dickinson.)  What  is  the  greatest  dis- 
tance that  you  have  known  workings  to  extend  from 
the  shaft  at  the  present  time  ?— ^ndetgroniul  yoa 
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can  alinort  trevd  from  the  city  of  Dnrham  to  New- 
castle. 

623.  What  has  been  the  greatest  distance  in  the 
case  of  any  one  shaft  ? — ^At  Haswell  it  was  between 
three  and  four  miles  ;  that  is  in  one  direction  and  then 
you  go  the  other  way,  I  do  no  not  know  that  I  can 
speak  to  more  than  between  diree  and  fonr  miks; 
there  is  no  inconvenience  from  it. 

624.  {Mr.  Vivian.)  Cannot  coal  be  won  at  these 
great  depths  by  engine  planes  driven  on  the  seam  ? — 
We  did  that  Monkweannouth. 

625.  Where  coal  lies  at  these  great  depths  it  is  not 
always  necessaiy  to  ank  VOTtical  shafts  to  win  it.  It 
may  be  done  by  engine  planes  starting  from  compara- 
tively shallow  levels,  may  it  not  ? — Yes,  certainly.  I 
have  fair  reason  to  suppose  that  in  the  nortii  of 
England  the  coal  extends  10  or  12  miles,  into  the 
sea.  Touneed  not  go  into  the  sea  to  work  it ;  you  may 
put  down  your  dim.  on  the  coast^  and  then  sink  your 
pit,  and  go  laterally  to  where  it  would  reach.  You 
sink  your  pit,  and  drive  out  your  horizontal  drift, 
because  the  eoal  dips  in  that  direction. 

626.  And  it  would  be  done  in  the  same  mj  under 
mountfdns  in  valleys  ? — Yes. 

627.  (Chairman.)  Would  not  water  be  a  difficulty?— 
I  have  seldom  known  any  water  which  occasioned 
much  inconvenience  at  these  great  depths. 

629.  {Mr.  J'twan.)  For  the  winning  of  deep  coal 
in  South  Wales,  where  in  many  cases  the  mountains 
are  of  a  considerable  area,  are  you  not  of  opinion  that 
that  coal  may  be  won  frtan  the  valleys  in  all  cases, 
and  won  by  engine  planes,  if  need  be  ? — Do  you  mean 
the  coal  which  is  lying  below  the  base  of  the  mountain. 

628.  Tea?  I  thinK  so ;  I  should  not  tMnk  of 

going  on  to  the  top  of  the  mountain  to  sink  a  pit ;  I 
should  go  to  the  iMae,  if  I  could. 

680.  So  that  in  computing  the  depth  of  the  coal 
strata  in  South  Wales  we  have  a  fek  right  to  assume 
the  datum  level  of  the  valleys,  rather  than  the  tops  of 
the  mountains,  as  the  point  fiixjm  which  the  c«d,  may 

\yQ  ■^fon  ?  ^Yes,  but  with  this  difference,  that  you  will 

have  there  more  heat ;  because,  if  I  am  correct  in  my 
Aeory  that  the  heat  is  in  proportion  to  the  depth  of 
the  strata,  if  you  have  a  mountun  of  1600  feet,  and 
yon  go  down  1600  feet  you  will  have  a  great  heat 

681.  {Chairmtm.)  We  understood  you  to  say  that 
you  considered  that  the  mode  of  ventilating  by 
medumical  appliances  was  on  the  whole  more 
efficient  and  more  eomomical  than  the  old  method 
of  ventilating  by  furnace  7— Yes,  and  much  safer. 

632.  At  greater  depths,  where  you  would  have 
a  longer  column  to  heat,  do  yon  think  tiiat  that 
conclusion  would  still  hold  good? — ^A  furnace  is  a 
source     anxiety  to  any  colliery  manager. 

633.  Why  do  you  think  that  you  could  get  more 
lUr  by  a  fan,  or  by  mechanical  means,  than  by  a 
furnace  ?  At  ordinary  depths  you  say  that  you  can 
do  so  ;  would  your  answer  apply  to  great  depths  ? 
—It  would. 

634.  Will  you  explain  that? — I  think  that  our 
system  of  ventilation  by  mechanical  means  can  be 
incieased  idmost  to  any  eactent.  The  question  is 
moely  how  much  coal  you  will  bom,  and  how  large 
yon  will  make  your  engiiwB. 

68fi.  But  that  is  all  expense.  With  a  given 
eiqMDditnie  of  oool  you  can  piU  a  greater  quantity 
of  ur  in  motion  by  means  of  an  engine  than  1^ 
means  of  a  heated  up-cast  ?—!  cannot  speak  to  the 
depths  which  you  speak  of  now ;  but  I  know  that 
where  I  have  tried  mechanical  ventilation  there  is 
very  much  less  coal  used,  and  we  are  getting  a  larger 
quanti^  of  air.  In  one  case  the  depth  is  nearly 
1000  feet,  and  in  the  other  case  it  is  not,  I  think, 
more  than  600  feet  In  the  case  of  the  greater  depth 
we  have  e^wrienced  very  great  benefit 

636.  Witii  a  given  expenditure  of  coal  you  get 
a  greater  amount  of  air  passed  through  by  means  of 
an  engine  than  you  get  in  the  same  mine  with  a 
fbraace?— Tes,  and  we  nse  nothing  but  the  small 
eoal  in  Hbo  first  ease,  and  we  are  obliged  to  use  laige 
cod  in  the  other. 


637.  As  a  matter  of  practice  yon  find  it  cheaper 
to  ventilate  by  the  machine  than  you  do  by  the 
furnace  ? — I  do. 

638.  {Mr  Dickinson.)  Can  you  state  what  pro- 
portion of  your  steam  power  is  utilized  by  machine 
ventilation  ? — That  is  a  difficult  qoestion  to  answer. 

639.  {Ckatrman.)  What  is  the  cost  of  winding  ? 
—It  is  a  very  smalt  cost  indeed. 

640.  '  And  it  would  not  be  much  increased  by 
greater  depth  ? — ^No,  it  is  quite  inappreciable  ;  I  do 
not  think  that  it  would  be  more  than  a  penny  or  two 
X>ence  a  ton. 

641.  What,  in  your  opinion,  would  be  the  limit 
of  the  depth  from  which  coal  would  be  drawn  ? — I  do 
not  think  that  th^e  is  any  depth  where  coal  could 
be  worked  by  human  beings  from  which  there  would 
be  any  inconvenience  in  raising  it. 

642.  Would  you  draw  it  by  a  single  stage,  or  by 
more  than  one  z — You  might  draw  it  by  more  than 
one ;  but  there  is  now  improved  machinery.  When 
I  was  manager  at  Monkwearmouth  colliery,  previous 
to  the  introduction  of  wire  ropes,  I  divided  the  deep 
pit  into  two  lifts,  because  the  hempen  rope  which 
was  there  could  scarcely  do  more  than  carry  its  own 
weight,  and  therefore,  in  going  down  to  the  depth  of 
280  fathoms  I  divided  ^e  ^stance,  and  lifted  from 
180  fathoms,  from  that  point  I  drove  a  drift  down, 
which  reached  the  coal  at  the  distance  of  about  a  mile, 
and  I  drew  the  coal  up  this  inclined  plane  to  the 
180  &thoma  lift  by  means  of  a  separate  en^e.  But 
since  the  introduction  of  irm  and  steel  wire  ropes, 
which  you  can  now  have  of  strength  without  much 
weight,  that  great  inconvenience  has  been  got  rid  of. 

643.  Then  your  impression  is  that  with  the 
strongest  metallic  ropes  which  can  be  made  you  might 
raise  coal  from  a  depth  of  3,000  feet  at  a  single  draw  ? 
—I  think  so  ;  but  upon  that  point  I  still  believe  that 
it  would  be  a  great  advantage  to  have  your  pit  divided, 
and  to  repeat  what  was  done  at  Monkwearmouth  in 
the  case  of  these  deep  sinkings,  for  this  would  have 
the  practical  efiiKt  of  giTing  you  as  it  were  two  places 
to  work  from.  It  woud  be  1^  sinking  two  pits  from 
the  snrfiue,  because  the  bottom  of  your  inetined  plane 
would  be  a  place  to  which  all  your  coal  conld  be 
drawn,  instead  of  having  a  lai^  .quanti^  at  the 
bottom  of  the  two  pits  3  the  two  pits  were  made 
vertical.  The  drift  would  be  about  two  miles  long, 
and  it  would  have  the  same  value  as  if  you  had  two 
pits  two  miles  apart,  the  one  going  vertically,  and 
working  all  the  coal  near  to  it,  and  the  other  loading 
the  coal  two  miles  from  it 

644.  That  is  to  say,  working  <me-half  by  means  of 
an  inclined  plane  going  down,  and  working  the  other 
half  by  a  Tcrtical  abtSt  ?— Yes  j  and  at  the  bottom 
you  would  communicate  the  two.  That  has  been 
done,  and  I  believe  that  it  will  be  repeated  in  fhtnre 
deep  Ednkings. 

645.  Suppose  that  it  were  neoessaiy  in  a  dngle 
descent^  say  of  3,000  feet>  to  hare  a  stue  half-way 
down,  and  to  draw  by  two  steps?— It  oould  be  done, 
quite  well. 

646.  Would  it  cause  maxh.  increased  expense? — I 

t-tiink  not 

647.  It  would  simply  involve  an  excavation  at 
that  place  suffident  to  contain  the  engme  and  the 
drums?— I  do  not  think  that  it  would  be  done  in  that 
way. 

648.  {Mr*  Dickinson.)  According  to  the  evidence 
which  has  been  lud  before  Committee  D.  on  the  pro- 
bable extent  of  the  coalfields,  it  is  stated  that  in  parts 
of  the  Durham  and  K<n1hnmber]and  coalfield  points 
have  been  reached  where  a  rise  has  taken  place  sea- 
ward ? — That  is  BO. 

649.  That  being  the  case,  would  it  not  be  desirable, 
in  the  extensive  workings  under  the  sea,  to  have  a 
solid  barrier  between  the  workings,  so  that  if  the  sea 
broke  into  one  the  whole  coal  workings  might  not  be 
flooded  ? — I  think  that  the  depth  at  which  the  coal  in 
Durham  is  met  under  the  sea  is  a  guarantee  against 
anything  of  the  kind  occurring. 


A  39 

&  ElUot^  Esq. 
and 

Mr.  F.  Wibner. 
24th  F«b.  1S60. 
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A  4i0  650.  There  will  be  a  point  where  it  will  rise  up  to 
G.  EIHot^  Etq.  the  sea  ? — Yes. 

651.  And  you  know  that  in  the  case  of  Worklng- 
Mr.  F.  WUmer.  ^^^^^  actually  did  break  down  into  the 
I4di  Feb.  18C9.  workings,  and  such  a  thing  is  therefore  possible  in 

'  Northnmberland  and  Durham.  Would  it  not  there- 
tan  be  a  prudent  thing  to  have  a  solid  amount  of 
ground  left  between  the  separate  winnings  at  ceitain 
uislances  — To  leave  a  barrier  between  the  Bei>arate 
winnings  might  be  a  very  inconve*iient  thing.  I 
should  be  disposed  to  aay  (and  it  is  a  matter  to  which 
I  have  paid  some  attention),  that  instead  of  leaving 
barriers  between  these  winnings,  which,  if  I  am 
correct,  will  extend  10  or  12  miles  under  the  sea,  and 
which  long  barriers  would  never  be  kept,  it  would  be 
better  not  to  be  allowed  to  work  within  a  certun 
distance  of  the  bed  of  the  sea.  That  would  be  the 
best  barrier;  namely,  that  it  should  not  be  allowed  to 
take  away  the  coal  up  to  within  a  certain  distftuce  of 
the  bed  of  the  sea,  and  then  you  might  work  coal, 
leaving  pillars  at  a  certain  distaiice  nearer  to  it.  But 
no  doubt  this  important  question  not  only  applies  to 
working  under  the  sea  but  also  under  rivers. 

652.  I  apply  it  to  all  seas,  rivers,  aadestuuies? 
— There  ought  to  be  some  protection,  because  it  is  no 
doubt  in  the  power  of  any  person  who  either  likes  to 
go  out  mischievously  or  unskilfully,  or  without  proper 
care,  to  ruin  hai^  a  dozen  places.  I  myself  am  working 
nnder  two  rivers  at  inesent,  and  I  might  so  work  the 
coal  there  as  to  do  a  great  mischief,  if  I  liked,  unless  I 
was  careful. 

653.  In  addition  to  that,  in  the  case  where  the 
coal  underneath  the  surface  between  high  and  low 
water  mark  belongs  to  the  landowner,  and  the  coal 
below  low-water  mark  belongs  to  the  Crown,  it  would 
not  be  a  case  of  hardship,  would  it,  to  have  some 
restriction  placed  as  regvds  the  working  between 
high  and  low  water  mark,  so  that  this  coal  seaward 
might  not  be  damaged  by  it? — lam  now  working 
cod  under  the  river  Bee. 

654.  That  is  not  a  case  in  point  I  believe  that 
there  the  coal  belongs  to  the  landowner,  both  between 
tike  high  and  low  water  mark,  and  also  down  to  the 
centre  of  the  river?— No;  ttiere  an  separate  interests. 

655.  Then  that  is  a  case  in  point  ? — Yes.  The  dis- 
tance between  high  and  low  water  mark  is  a  flat  bed, 
and  extends  over  several  miles ;  yon  could  not  leave 
all  that 

656.  But  there  might  be  some  restrictions,  which 
would  be  fair  to  all  parties  concerned,  so  as  not  to 
have  coal  sacrificed  P — I  am  sensible  of  this,  that, 
whether  it  comes  within  the  functions  of  this  Com- 
mission or  not,  (and  I  think  that  it  will,)  something 
should  be  done,  and  that,  even  if  it  were  necessary, 
there  should  be  l^islation  upon  the  subject.  I  feel 
that  there  should  be  some  mode  of  dealing  with  the 
sul^ect  so  that  parties  shonld  not  be  permitted  to 
weak  coal  nnder  the  seas,  rivm,  and  esfaisiieB  in 
such  ft  nuamer  as  to  min  and  destroy  a  whole 
district. 

{Mr.  Dickinson.)  I  think  that  there  is  no  question 
that  that  comes  within  the  functions  of  this  Commis- 
sion ;  it,  however,  comes  more  inomediately  under 
the  Committee  C,  as  to  waste  in  working  ;  but  as  we 
have  you  before  us,  I  thought  it  an  opportunity  not 
to  be  lost  of  getting  your  opinion  upon  the  point, 
whieh  is  a  very  important  one. 

657.  {Chairman.)  We  have,  I  think,  arrived  at 
this  point,  that  yon  consider  a  temperature  of 
I0(f  would  be  about  the  limit  of  what  would  be 
practicable  to  work  coal  under  any  dnnunstances  ?— 
What  I  think  I  have  stated  is,  that,  with  our  present 
means  and  appliances,  it  is  my  opinion  that  we  might 

up  to  ICXr  by  increasing  the  cost. 

658.  I  am  talking  of  how  mudi  you  might  keep 
down  the  temperature  ;  but  you  think  that  the  men 
could  not  stand  a  temperature  of  more  than  100°  ? 
—I  do  not  think  that  my  opinion  upon  that  point 
would  be  worth  much.  I  have  not  seen  men  working 
in  that  temperature  for  any  length  of  time. 


659.  Yon  have  seen  the  ^foct  of  80^  np<m  them? 
— Tes. 

660.  I  do  not  wont  to  pin  yon  to  the  exact  limit 
of  100^ ;  but  it  is  something  thereabouts.  Unless  we 
pei  something  like  an  approximate  limit  we  make 
little  progress,  and  I  have  understood  you  from  your 
previous  answers  to  think  that  that  limit  would  be 
something  like  100^,  and  that  there  is  not  much 
proq>ect  of  your  getting  beyond  a  temperature  of 
100*^  7— I  think  that  I  stated  that  if  I  had  a  coal- 
field lying  below  a  depth  which  would  give  100" 
I  should  not  estimate  its  value  to  be  very  much, 

661.  We  may  consider  that  that  is  something 
like  the  actual  limit  upon  the  point  of  temperature? 
— Yes,  with  the  present  light  which  I  hare  ap<m  the 
subject. 

662.  We  also  have  from  you,  that  it  wonld  be 
practicable  by  improved  appliances  to  increase  the 
depth  which  naturally  corresponds  with  that  tempe- 
rature ;  that  is  to  say,  that  you  might  go  to  a  lower 
depth,  and  etiVL  not  have  more  than  KXr  of  tempera- 
ture ? — ^^Yes. 

663.  Then  the  point  at  which  100^  was  actually 
attained  wonld  be  considerably  beyond  the  3,000 
feet,  which  is  the  proportionate  depth  due  to  that 
temperature  if  no  artificial  means  are  applied  to  ke^ 
the  heat  down.  If  there  was  no  increase  of  venti- 
lation, and  if  no  extra  means  were  applied  to  reduce 
the  temperature,  you  think  that  we  shonld  meet  with 
a  temperature  of  100^  at  something  like  8,000  feet 
of  depth  ?— Yes. 

66.4.  But  that  by  nsing  improved  apj^ianoes  and 
more  effldent  arrangements  we  should  not  arrive  at 
that  temperature  of  lOQ^  until  we  had  gone  to  « 
greater  depth  than  3,000  feet  ?— We  diould  arrive 
at  that  temperature,  but  we  should  be  able  to  reduce 
it     the  means  which  we  shonld  apply. 

665.  But  the  reduced  heat  wonld  be  below  the 
3,000  feet?— Yes.  I  think  that  it  is  possible  that, 
taking  3,000  feet  to  represent  a  natural  temperature 
of  100°,  appliances  will  be  discovered  by  which  that 
temperature  will  bo  materially  reduced, 

666.  Or,  !n  other  words,  to  enable  you  to  go  to 
a  greater  depth  before  you  arrive  at  100°  of  tempe- 
rature ? — Yes. 

667.  In  Mr.  Hull's  book,  which  I  dare  s^  yon 
are  aware  of,  he  takes  the  limit  of  ^000  feet  as  the 
limit  of  possible  working  based  upon  tenmeratare 
and  other  considerations.  Confining  yourself  to  ton- 
peratnre  onl^,  do  yon  think  that  the  improved  appU- 
an<»8  of  iriiich  we  can  avail  onrselves  would  enaUe 
us  to  go  to  so  great  a  depth  as  4,000  feet  before  we 
met  with  an  unreducible  temperature  of  100^?  The 
temperature  due  to  that  depth  is  1 16°.  That  would 
require  then  to  reduce  the  natural  temperature  due 
to  that  depth  by  16°,  by  improved  ventilation  and  so 
forth  ? — I  cannot  teJl  what  we  may  be  able  to  dis- 
cover ;  but  at  present  I  think  that  we  should  have 
to  pay  a  very  large  snm  for  working  the  coal ;  and, 
according  to  my  opinion  at  the  moment,  I  do  not  think 
that  we  could  do  it  unless  we  had  vety  great  improve- 
ments upon  our  present  means  of  ventilation. 

668.  What  I  wish  to  arrive  at  whether  4^000 
feet  is  a  reasonable  limit  to  impose  to  the  practictl 
depth  of  working.  Of  course  everything  at  invsent 
must  be  more  or  less  hypothetical,  but  as  a  matter  of 
oinnion,  based  open  a  genonl  view  of  the  case,  do 
you  Hiink  that  tiliat  is  a  reasonable  limit  to  apply 
under  existing  circumstances  ;  do  yon  see  anythh^ 
unreasonable  in  it  ? — I  see  this,  which  is  unreasonaUe, 
that  unless  we  discovered  some  other  mode  of  applying 
more  air  we  could  not  do  it  at  present  without  enor- 
mously increasing  the  expense  of  getting  the  ooaL 
I  do  not  believe  that  at  that  tempo'atnre  it  could  be 
done  without  paying  double  the  price  to  the  working 
men. 

669.  You  may  assume  an  increase  in  the  price  of 
coals  which  would  cover  any  expenditure^  but  nnder 
present  commercial  conditions  do  you  think  that  it  is 
practicable  to  exceed  the  limit  of  4,000  feet,  taking 
into  account  tiiat  the  natunl  ten^erature  due  to 
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4,000  feet  would  be  something  like  116°  ? — That  is  a 
most  difficult  question  to  answer.  It  is  not  physically 
impracticable,  in  my  opinion,  to  work  at  4,000  feet, 
but  it  may  be  commercially  useless  to  try  it. 

670.  It  is  a  commercial  question  altogether  ? — I 
do  not  know  wliat  the  valae  of  coal  may  be  when 
that  time  arrives  ;  it  would  depend  upon  what  coal  is 
wortlL  at  that  time;  and  aa  we  are  discussing  the 
extent  of  oarcndfield,  after  the  chief  upper  coal  is 
worked  away  yon  may  got  what  remains  lower 
down. 

671.  We  are  considering  how  long  'we  shall  be 
able  to  maintain  our  manufacturing  snpremocy  which 
involves  a  supply  of  good  and  cheap  coal.  Having 
reference  to  that  point,  do  you  think  that  coals  could 
be  commercially  worked  to  advantage  at  present  prices, 
and  under  existing  circumstances,  at  depths  exceeding 
4,000  feet, or  evenupto4,000feet?— Ishonld question 
our  commercial  supremacy  being  maintained  if  we 
had  to  work  our  coal  now  from  anything  like  a  depth 
of  4000  feet.  I  do  not  think  that  we  should  have  the 
Gcmimercial  supremacy  which  we  now  enjoy  if  we 


were  getting  our  coal  at  that  depth.    And  if  we  are       A  41 
to  look  upon  it  fiom  that  point  of  view,  I  should  be  o.  EBot,  Eaq. 
disposed  to  regard  our  commercial  sujavmaicy  as  being  and 
muntained  by  pix>cnring  coal  from  a  smaller  depth  ;       ^-  WUmer. 
and  then  what  lies  beyond  that  might  form  another  , 
epoch,  as  it  were,  of  our  commercial  history.  Mth  Ka>.  1869. 

672.  What  we  have  to  do  with  is  the  continuance 
of  our  present  commercial  prosperity,  and  we  want  to 
know  what  depth  is  available  to  keep  up  our  present 
supply  ? — 4,000  feet  I  should  say,  with  the  present 
knowledge  which  we  have  upon  the  subject,  would  be 
the  outside. 

673.  {Mr.  Dickinson.)  At  the  same  time  that  onr 
mines  are  being  deepened,  will  not  the  mines  of  thoso 
nations  with  whom  we  have  to  compete  be  deepening 
also  ?  I  believe  that  the  Belgian  coalfields  are  deeper 
than  anything  which  we  have  in  this  country  ? — Not 
below  the  level  of  the  sea. 

674.  The  pits  of  Belgium  have  already  reached  a 
greater  depth  than  anyUiing  which  we  have  in  this 
country  P — "We  shall  never  lose  our  supremacy. 


A^jonmed  to  Wednesday,  14th  April,  at  12  o'clock. 


A.— 11^  Meeting,  April  14, 1869. 

Present  :  1.  Sib  W.  G.  Abhstbono  (in  ihe  Chair) ; 

2.  Mb.  Geddes  ;  3.  Mb.  Dickinson  ;  4.  Mb.  Fobsteb  ;  5.  Mb.  Woodhou&e  ;  6.  Mb.  Elliot  ; 

7.  Mr.  Vivian.  8.  Mr.  John  Job  Atkinson,  Chilton  Moor  House,  Fencehouses ;  and 
9.  Mr,  Lindsay  "Wood,  Hetton  Colliery,  Fencehouses,  were  present  and  gave  evidence. 

1.  The  Secretary  produced  tbo  file,  and  reported  that  on  the  26th  February  he  had  sent  the 
evidence  taken  on  the  24th  in  manuscript  to  the  witneeses,  and  the  minutes  to  the  membem  in 
type.  The  manuampts  when  returned  by  tlie  witnesses  vere  immediately  sent  to  press.  Proo& 
have  not  yet  been  returned  by  the  Queen's  Printers. 

2.  The  minutes,  the  evidence,  the  questions  circulated  by  Committee  C.  on  waste  in  working,  and 
the  returns  made  to  these  questions,  as  printed  and  now  made  up  in  double  column,  were  shown  aa 
a  specimen  of  work.   The  Secretary  was  desired  to  proceed  on  the  same  phm  with  the  work  of  this 

Committee. 

3.  The  minutes  of  last  meeting  were  read,  and  signed  by  the  Chairman. 

4.  The  Committee  decided  that  Mr.  Atkinson  and  Mr.  Wood  be  requested  to  reduce  the  returns 
submitted  to  this  meeting  by  Mr.  Atkinson  to  a  tabular  form,  similar  to  that  presented  by  Mr.  Wood, 
and  to  make  sucli  additional  observations  as  they  may  think  necessuy  to  comply  with  this  instruc' 
tion.    The  expense  not  to  exceed  502. 

4.  The  next  meeting  is  to  be  held  at  the  same  time  and  place  on  the  12th  of  May. 

W.  G.  Arhstboncl 


Mr.  LnmsAT  Wood,  of  Het 

675.  {Chairman.)  You  are  the  viewer  and 
manager  of  Hetton  Colliery  ? — Yes. 

676.  That  is  one  of  the  largest  and  most  important 
collieries  in  the  kingdom  ? — 'Yes. 

677.  Yon  are  the  son  of  the  late  Mr.  Nichdas 
Wood,  the  well-known  mining  engineer,  who  was 
also  die  viewer  and  manager  at  Hetton  Colliery  ?— 
Yes. 

678.  Yon  have  made  some  observadfflis,  I  under- 
stand, lately  upon  the  increase  of  temperature  in  mines, 
and  upon  we  effect  of  ventilation  in  contrdling  that 

temperature  ?  —Yes,  I  have  made  some  experiments 
during  the  last  few  months  upon  those  subjects. 

679.  Will  you  favour  the  Committee  with  the 
result  of  those  experiments ;  will  yon  state  in  what 
collieries  and  in  what  pits  they  were  made  ? — I  made 
some  experiments  in  the  Jane  pit,  Hetton  Colliery, 
which  is  the  deepest  mine  under  my  management. 

680.  Were  those  experiments  made  only  in  one 
pit? — I  made  experiments  in  some  other  pits,  but 
they  were  not  so  complete  as  those  made  in  the  Jane 
pit. 

18488.  TOI-ZI. 


m  Hall,  Dnrham,  exunined.  ^j.,  lAndaay 

.  681.  Those  experiments  upon  which  you  rely  were  ,' 

made  in  the  Jane  pit  ? — ^Yes.  I  took  tlie  temperatures  H  April  18«». 

at  each  place  of  observation  in  three  ways ;  I  took  ■■ 

them  first  in  the  cotd,  by  drilling  a  hole  into  it  aboat 

three  feet  deep  and  filled  it  with  water,  and  after 

leaving  it  for  48  hours  I  put  the  thennometer  into 

the  hole  and  left  it  for  24  hours  before  reading  the 

tempenttuie;  I  also  took  it  at  the  same  place,  the 

thermometer  being  kept  out  of  the  draught  of  tiie  ur 

current ;  and  thirdly  with  the  thermometer  in  the 

draught  of  the  ur  current.  I  began  those  three  series 

of  temperatures  at  the  bottom  of  the  shafl,  and  took 

them  at  different  distances  along  the  engine  bank,  as 

it  descends  towards  the  working  place.    I  also  took 

two  or  three  observations  in  the  return  air  current  on 

its  way  to  the  upcast  shaft. 

682.  At  what  point  was  that ;  was  it  at  the  foot 
of  t^e  shaft  ? — The  last  place  of  observation  was  near 
to  the  bottom  of  the  upcast  shaft.  I  took  tho  tempe- 
rature of  the  air  in  five  places  at  various  distances  firom 
the  shaft;. 

688.  Tour  table  is  headed  "Xltble  of  teniperataiM 
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A  4)2  «  taken  in  the  Jane  pit,  Hetton  Colliery,  22nd  Feb- 
Mr.lMuboff    «  rnary  1869.    Temperature  in  the  shade  on  the 

Wmt.  (I  surface  36** ;  barometer  29- 32V  I  observe  that 
IT*,---  you  have  taken  the  observations  at  a  great  number  of 
H  Ayil  iwg.  jl^j^j^  ^  g^gj  ^^.jjg      (jjQ  working  faces?— The 

'  first  BIX  on  the  list  were  taken  at  the  working  facefl. 
GBi,  Thorn  working  faces  are:  1.  First  North 
Face ;  2.  Fourth  Korth-west  Face ;  3.  Fourth  North 
Drift  Face;  4.  Seventh  North  Face;  6.  Eighth 
North  F«e  ;  6.  Eighth  South  Face.  The  other 
observations  are  taken  in  the  intake  ur  vray  ? — ^Yes. 

685.  And  these  are  at  six  different  places  ? — Yes, 
commencing  at  the  waggon  way  siding  at  the  shaft. 

686.  Is  that  the  int^e  of  the  air  at  the  foot  of  the 
flhaft  ? — Yes  ;  the  temperature  was  taken  at  312  yards 
distance  from  the  bottom  of  the  shaft. 

687.  That  is  to  say  at  a  point  where  no  coal 
working  was  going  on  ?— Yea. 

688.  And  all  the  remaining  five  points  of  obser- 
vation are  where  no  coal  working  waa  going  on  ? — 
Tea. 

689.  Bai  at  varying  distances  from  the  foot  of  the 
shaft?— Yea, 

690.  Yoor  first  column  ia  headed  "Temperature 
in  the  coal"  ?— Yea. 

691.  The  depths  below  the  surfhce  varying  from 
1,100  feet  to  1,450  feet  ?— Yes. 

692.  Your  next  column  is  the  number  of  feet  in 
depth  for  each  degree  of  temperature  ? — ^Yes. 

693.  Taking  that  in  relation  to  the  point  of 
observation  where  the  working  is  going  ou,  it  varies, 
I  observe,  from  60  feet  per  degree  to  67  feet  per 
degree  ? — Yes ;  67  feet  ^pears  to  be  an  exception  to 
the  other  observation. 

694.  Striking  that  oat,  it  is  from  60  to  64  feet  ?— 
Tea. 

.  695.  What  do  you  take  as  the  average  ? — 63  feet. 

696.  Then  the  reeult  of  your  observations,  so  &r 
as  that  goes,  is  that  an  increase  of  temperature  of  one 
degree  takes  place  with  every  63  feet  in  depth? — 
Yes. 

697.  Your  next  column  gives  the  temperature 
calculating  one  degree  for  each  63  feet  in  depth  ?— 
Tea. 

698.  Those  temperatures  are  aomewhat  different 
from  the  observed  temperatures  ? — Yea,  but  they  are 
very  nearly  the  sam^ 

699.  The  difference  is  very  small  ? — ^Y^s. 

700.  The  next  column  shows  what  the  difference 
to  between  the  calculated  and  the  actual  temperature, 
and  with  the  exception  of  the  exceptional  case  vrhere 
it  is  67  feet  instead  of  an  average  of  63  feet,  the 
variation  is  only  one  degree  ? — Tea. , 

701.  So  diat  the  calculated  temperature  and  the 
obsored  temperature  are  very  chwely  similar  ? — 
Tee. 

702.  I  am  now  only  speaking  of  the  observations 
taken  in  flkose  places  where  actual  workings  are  going 
on  ?— Yea. 

703.  The  next  three  or  four  columns,  I  observe, 
apply  to  the  temperatures  of  the  air,  the  previous 
columns  having  applied  to  the  t^peratnre  of  the 
mineral  ?— Yea. 

704.  The  first  of  those  columns  givea  the  tempera- 
ture out  of  the  draught  of  the  current  of  air? — ^Yea. 

705.  The  next  column  gives  the  temperature  in 
the  current  of  air  ? — Tea. 

706.  The  next  column  gives  the  velocity  of  the 
air  in  feet  per  minute,  aad  the  next  givea  the  quantity 
ttf  air  in  cnluo  feet  per  minute  ?— Yes. 

707*  The  difference  between  tlie  temperatue  in 
the  onrreot  and  oat  of  tiw  conent  seems  to  be  incoo- 
siderable? — It  doea  not  va^  more  l3ian  about  two 
degrees  where  the  currents  of  air  are  not  excesedve. 

708.  Two  and  a  half  d^rees  seems  to  be  the 
greatest  variation? — Yes. 

709.  In  the  column  which  shows  the  quantity  of 
air,  I  observe  that  it  varies  very  lai^ely.  The  first 
item  is  10,200  cubic  feet  per  minute,  and  the  smallest 
ia  ieM:4kW  half  that?-^Yeaf3,a00cafaic' feet  -Imay 
«3q^laia  that  that  qoantity  of  air  was  paBsiiig  along 


two  ezpbring  drifts  which  were  not  working  at  the 

time. 

710.  Your  next  column  is  the  depth  below  the 
surface,  and  the  fiext  ia  the  distance  from  the  shaft  ? 
—Yes. 

711.  The  greatest  distance  from  the  shaft  being' 
4,332  yards?— Yea. 

712.  And  the  e^wtest  distance  being  312  yards  ?  , 
— Yes. 

713.  The  remaining  returns  have  reference  to 
those  parts  of  the  mine  where  no  coal  working  is 
going  on  ? — Yes. 

714.  And  there  the  variation  in  the  rate  of  increase 
of  depth  for  a  degree  of  temperature  is  very  large, 
the  rate  of  increase  in  one  case  being  lOO  feet  per 
degree,  and  in  another  case  being  77  feet  per  degree  ? 
—Yes. 

715.  So  that  we  infer  from  that,  that  where  a  new 
surface  is  not  being  continually  exposed  the  Cfnn 
munication  of  heat  to  the  fur  is  very  much  leas  ?— 
Yes.  The  place  where  that  observation  was  taken  has 
been  for  more  than  25  yeara  exposed  to  a  large  current 
of  air  (apvwdsof  10(^000  cubic  feet  a  minute),  which 
has  reduced  the  natural  temperature  of  the  eoal. 

716.  Then  tlie  temperature,  calculating  one  degree 
for  each  68  feet,  necessarily  shows  a  much  greater 
difference  than  in  the  other  case  ? — Yea. 

717.  Then  the  temperature  out  of  the  current  and 
in  the  caiTent  is  pretty  much  the  siune  as  before  ;  it 
does  not  seem  to  make  much  difference  whether  it  ia 
in  the  cui-rent  or  out  of  it  ? — Just  so. 

718.  And  the  velocity  of  feet  per  minute  in  these 
cases  is  very  various  ? — Yes. 

719.  Being  as  much  aa.700  against  60 so  that  in 
these  cases  there  is  an  enormous  imoeaae  of  lur 
circulating  ? — ^Yes. 

720.  Then  the  quantity  of  air  per  cubic  feet  per 
minute  also  varies  in  the  same  degi'ee  ? — Yes. 

721.  The  depths  are  pretty  much  the  same,  but 
the  distuices  from  the  shaft  vary  exceedingly,  being 
in  one  case  only  312  yards,  and  in  another  case  2,^5 
yards.  In  the  case  where  there  is  such  a  violent 
deviation  from  the  rule,  that  is  to  say,  whwe  the 
increase  is  one  degree  to  100  feet,  instead  of  one 
degree  to  63  feet,  the  distance  f(om  the  shaft  ia  only 
812yarda?— Yes. 

722.  That  will  sufficiently  account  fbr  it  being  so 
abnormal  ? — Yes.  The  observation  was  taken  as  near 
the  bottom  of  the  abaft  as  we  could  get  it. 

723.  As  to  the  condusious  which  you  draw  from 
this  table,  in  the  first  place  what  do  you  consider  to 
be  the  rate  of  increaae  in  feet  of  depth  corresponding 
to  one  degree  of  temperature  ? — ^I  think  that  as  far 
aa  these  experiments  g<^  they  ahow  it  to  be  about 
one  degree  fbr  every  60  or  68  feet  One  or  two 
experiments  which  I  made  in  the  seams  immediately 
above  where  these  experiments  were  made  gave,  a 
slightly  greater  depth  per  degree. 

724.  But  roughly  you  would  put  It  at  one  dei;ree 
for  60  feet  ?— Yes. 

725.  What  ia  your  conclusion  aa  to  the  power  <^ 
controlling  the  natural  heat  of  Uie  mine  by  increasing 
the  quantity  of  circulating  air  ? — I  Uiink  ^t  it  would 
be  difficult  by  a  larger  quantity  of  air  to  reduce  the 
temperature  of  the  working  facea  situated  at  a  diatanc6 
from  the  bottom  of  the  shaft,  exciting  to  a  very 
small  extent.  I  think  that  it  might  be  reduced  two 
or  three  degrees. 

726.  Can  yon  point  out  upon  your  table  the  case 
ci  die  greatest  reduction  of  tonperature  eflfeeted  by  a 
certun  amount  of  ventilation  7 — No.  2,  the  EVHuHh 
North-weet  Faoc^  reduces  the  temperature  one  and  a 
half  degree,  and  has  a  current  of  5,000  cnbic  feet  per 
minute. 

727.  With  a  quantity  of  Mr  circulating  of  5,000 
cubic  feet  per  minute  you  have  efibcted  a  reduction  of 
one  and  a  half  degree  ? — Yea. 

728.  That  caae  whieh  yon  mention  appears  to  be 
at  a  depth  of  1,315  fOet  and  at  «  distance  of  2,980 
ywds  from  the  shaft  ? — Yes. 

729.  Is  5,000  cubic  feet  per;niiUitAa  large  drcola- 
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tipn  of'  air  ? — ^No,  not  if  there  are  maay  -mea  in-  the 
working  faces  over  whom  it  has  to  pass. 

730.  How  far  could  that  be  advantageously  in- 
er eased  ;  could  you  increase  the  velocity  of  the  cur- 
rent, or  could  you  take  any  other  means  to  increase 
that  quantity  materially  ?— I  think  that  at  that  dis- 
tance &om  the  shaft  it  could  be  considerably  in- 
ereased. 

731.  What  limit  would  you  take  as  defining  the 
iprei^est  increase  whi<^  could  be  possibly  effected  ? — 
That  would  depend  upon  the  extra  ventUating  power 
that  could  be  applied  to  that  particular  district. 

732.  What  is  the  ratio  of  increase  of  power  neces- 
iary  for  producing  an  increase  of  current  ? — To  double 
the  quantity,  the  size  of  the  air  ways  remaining  the 
same,  would  require  about  eight  times  the  power. 

,  738.  Then  if  you  got  10,000  cubic  feet  through 
instead  of  5,000  cubic  feet,  you  would  require  an  in- 
crease of  power  in  that  proportion  ? — Yes, 

734.  How  &r  would  it  be  possible  to  increase  the 
circulation  of  air  with  the  view  of  keeping  down  fhe 
temperature,  and  what  would  be  the  effect  of  such 
increase  in  keeping  down  the  temperature  ? — I  think 
that  where  the  distance  of  the  working  faces  from  the 
shaft  is  great  it  would  be  difficult  to  uicrease  the  tar 
in  such  qnantities  so  as  to  cool  down  the  current  be- 
low the  tanperatnre  of  the  coal  more  than  two  or 
three  degrees. 

735.  Do  you  think  that  that  would  be  about  the 
limit  ? — Yes,  at  considerable  distances  from  the  shaft. 

736.  You  do  not  think  that  it  would  be  possible  to 
reduce  the  temperature  more  than  two  or  three  de- 
grees ?— I  do  not  think  so. 

737.  What  is  the  reason  of  that  ?— I  think  that  the 
air  would  get  heated  to  pretty  neaiiy  the  temperature 
of  the  coal  before  it  arrived  at  the  face  of  the  working 
places. 

738.  Do  you  Uiink  t^at  the  air  derives  its  heat 
frnn  the  coal  much  more  nptdly  in  places  where  yon 
an.-  eontinnally  exposing  a  now  face  than  from  the 
^proach  air  courses  near  the  ftee  ? — Yes,,  the  ap- 
-|voach  air  courses  ore  continually  being  cooled  down 
by  the  air  passing  along*  them,  which  is  not  the  case 
in  newly  exposed  fioes. 

739.  And  -vriiaterer  possibility  tiiere  might  be  cf 


Wood, 


reducing  the  temperafore  of 'the  mine  in  odier  parts  ^  4g 
than  the  working  face  where  the  passages  are  un- 
varying, you  apprehend  that  there  would  be  no  possi- 
bility of  effecting  a  greater  reduction  of  temperature 
than  you  speak  of  at  the  working  face  where  a  new  ^*  ^V"^  18^9. 
surfiuje  is  constantly  being  exposed  ? — No.  I  think  , 
that  means  might  be  taken  to  prevent,  to  a  certain  ex- 
tent, the  ail*  becoming  heated  as  it  passes  through  the 
main  lur  ways,  but  even  then,  as  it  approaches  H» 
&ce  of  the  workings  it  is  so  much  difrased  through 
the  different  passages  that  practicaUy  it  would  not 
make  any  veiy  great  difference.  It  might  rednoe  the 
temperature  lour  or  five  degrees. 

740.  Do  you  find  that  the  temperature  of  the  air 
at  the  surface  has  any  infiuence  upon  the  temperature 
of  the  mine  at  a  distant  point  ? — Not  at  a  distance 
from  the  bottom  of  the  shaft ;  where  we  bave  a  large 
current  of  air  ^veiling  there  is  only  a  dight  differ- 
ence at  a  distance  of  some  800  or  900  yards. 

741.  But  at  a  considerable  distance  you  do  not 
find  any  diffisrence  ? — ^No^  eiqpeciaUy  in  deep  pits ;  in 
shallow  pits  we  find  it  much  mere  so  tiian  we  do  in 
deep  pits. 

742.  You  do  not  give  the  temperature  the  air 
after  it  has  passed  the  workfaig  &oe,  have  yon  ?— It  it 
not  on  that  sheet  At  the  place  of  observation,  "So.  6, 
which  is  the  greatest  distance  fVom  the  shaft,  namely* 
4,332  yards,  the  temperature  after  leaTing  all  the 
working  faces  and  in  the  return  air  was  75°. 

743.  The  normal  temperature  being  what  ? — The 
normal  temperature  being  71"  in  the  coal  and  73°  in 
the  working  faces  ;  it  is  75°  after  passing  over  the  men, 
boys,  and  ponies. 

744.  The  temperature  in  the  current  at  the  work- 
ing face  is  two  degrees  higher  than  the  temperature  of 
the  mine  ? — Yes. 

745.  And  after  the  air  has  passed  the  working  feoe 
how  many  degrees  is  it  ? — It  is  two  degrees  more  than 
the  current,  or  four  degrees  more  than  the  coal. 

7^.  So  that  the  air  beeonkes  heated  to  a  higher 
point  than  the  temperature  of  the  coal  ? — ^Yes. 

747.  The  difference  being,  I  suppose,  due  to  the 
men,  horses,  and  the  lights,  fte.  ?— im. 

The  witneu  delivered  in  th*  foUmoing  table  t— 
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Bur6tce  36".   Barometer  29*32°. 
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748.  {Mr.  Elliot.)  Have  you  taken  the  tempera- 
ture as  the  return  air  approaches  the  upcast  shaft  ? — 
Yes.  At  -3^200  yards  from  the  shaft  it  was  75**;  at  3,000 
yards,  74^*;  at  2,500,  73°;  at  1,600  yards  it  was  72°;  and 
at  300  yards,  or  as  near  the  shaft  as  we  could  get  it ;  out 
of  the  way  of  the  effects  of  the  boiler  flues,  it  was  71". 

749.  Inen  it  comes  .  to  the  normal  heat  of  the 
mine  ? — Not  the  normal  heat  of  the  mine  at  that 
^ace. 

750;  {Mr.  Forster.)  The  current  was  c<ffl0iderably 


increased  ? — Yes,  the  current  at  that  place  was  very 
much  greater,  and  it  was  mixed  with  the  air  ooming 
from  other  districts. 

751.  {Mr.  Elliot.)  What  do  you  make  out  the 
difference  of  temperature  to  be  before  it  had  the  ac- 
cession of  animal  heat  from  the  men  and  the  horses, 
and  where  it  was  312^ards  from  the  furnace.  If  you 
take  the  temperature  in  the  mine  it  is  less,  than  it  is 
after  it  has  passed  over  the  working.  I  mean,  beforo 
it  ha*  bad  that,  acoewion  of  beat  fiom  oontaet  with 
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44      the  men  and  horaes,  does  it  retain  the  same  heat  nlti- 
Mr.  Lind$ay   mately  ? — The  temperature  in  the  coal  at  the  furthest 
Wood.       exti-emity  is  71°.    After  it  has  passed  over  the  men 

  it  rises  to  75°,  and  it  faUs  to  71°  in  the  return  air  nt 

M  April  1869.  the  shaft. 
-  752.  Jl  seems  to  retain  the  same  heat  which  it 

indicates  in  the  mine  until  it  runs  buck  to  the  shaft? 
—Yes,  but  the  return  air  from  other  distncts  wnicu 
are  not  so  hot  join  the  main  current  prerionaly  to  it 
reaching  the  shaft 

753.  74°  is  in  the  same  current,  and  73"  is  in  the 
same  current,  is  it  not  ?— -No ;  currents  from  other 
districts  had  joined  it  previons  to  the  air  passing  Uie 
place  where  the  experiment  watf  taken. 

754.  {Mr.  Fonter.)  If  T  understand  you  rightly, 
the  current  of  73**  is  in  the  intake  ? — ^No,  it  is  in  the 
working  face. 

755.  {Mr.  Dichimon.)  What  was  the  object  of 
putting  water  into  the  holes  in  taking  the  temperature 
of  the  coal  ? — I  thought  that  there  might  be  an  eddy 
of  air  in  the  hole  which  might  increase  or  decrease 
the  actual  temperature.  I  may  also  say,  that  I  repeated 
these  experiments  more  than  once,  both  with  water  in 
the  holes  and  with  no  water,  and  I  found  little  or  no 
difference  in  the  temperature  recorded. 

756.  Was  the  water  which  you  put  in,  at  the  same 
temperature  as  the  mine  at  that  place  ? — No,  I  should 
thins  not ;  there  might  be  a  slight  difference. 

757.  Then  perhaps  it  had  some  cooling  effect  upon 
the  temperature  of  the  ur  in  the  hole  ? — ^It  wonld  be 
very  slight,  if  any. 

758.  {Chmrman.)  How  long  did  you  leave  it  in  ? 
—.48  hours. 

759.  Of  course  if  it  was  left  In  for  48  hours  the 
temperature  of  it  would  acconmiodate  itself  to  the 
temperature  of  the  coal  ? — ^Yes,  and  I  do  not  think 
that  there  was  a  difference  of  more  than  a  degree  or 
two  when  it  was  put  in. 

760.  -  {Mr,  Dickinson.)  There  is  a  difference  of 
one  or  two  degrees,  showing  that  the  temperature  of 
the  coal  is  so  &r  different ;  may  not  that  arise  from  the 
water  having  been  put  in  ? — No ;  I  think  it  arises 
from  the  air  having  passed  over  the  men,  and  the 
lamps,  previously  to  the  temperature  being  taken. 
Kven  without  water  after  die  holes  had  been  left  for  a 
fortnight  we  could  not  discover  any  appreciable  differ- 
ence in  the  temperature  of  them. 

761.  {Mr.  Forster.)  What  is  the  depth  of  the  shaft? 
—1,100  feet. 

762.  {Chairman.)  That  is  not  the  depth  of  the 
place  of  observation  ;  that  varies  ? — ^Yes,  it  is  the 
depth  where  the  ohservations  were  taken  at  312  yards 
from  the  shaft. 

763.  {Mr.  Forster.)  There  is  295  feet  difference  in 
level  between  the  bottom  of  the  shaft  and  the  face  ? 
— Yes,  but  that  is  not  the  greatest  depth  below  the 
bottom  of  the  shaft. 

764.  That  is  nearly  50  fathoms  ? — Yes ;  the 
greatest  depth  at  which  we  are  working  below  the 
bottom  of  the  shaft  is  350  feet. 

765.  {Mr,  Dickinson.)  In  round  numbers  what 
proportion  of  the  men  and  boys  below  ground  would 
be  employed  in  the  woiking  fiiices,  and  what  propor- 
tion woiud  be  employed  further  back  where  the  air 
would  be  cooler?— At  least  three-fourths  are  em- 
ployed on  the  inbye  side  of  the  putting  stations. 

766.  {Mr.  Elliot.)  You  have,  I  believe,  some 
workings  under  very  high  ground  ? — ^Yes. 

767.  Did  yon  take  any  experiments  there  with 
i«gard  to  the  temperature  ? — I  do  not  think  that  any 
temperatures  which  I  have  taken  were  immediately 
under  the  high  ground;  the  observation  nearest  to  it  is 
No.  3  on  the  list. 

768.  What  is  the  temperature  at  No.  3  ? — It  is 
68i°. 

769.  Bo  you  remember  the  height  of  that  hill 
above  the  sea  ?— I  tiiink  that  it  is  on  the  600  feet 
contour  line  <se  very  nearly. 

770.  Have  you  worked  under  that  ? — ^Yes,  we  hare 
drifts  under  it. 

771.  {Chairman.)  I&ve  yoa  any  working  &ce8 


under  it  ? — Under  a  part  of  it,  bnt  not  under  the 

crown  of  the  hill. 

772.  You  have  spoken  of  5,000  cubic  feet  of  air, 
and  you  have  said  that  if  it  was  increased  to  10,000 
feet  you  might  diminish  the  temperature  in  the  &ce 
by  two  or  three  degrees  ? — Yes. 

773.  Do  you  think  it  practicable  to  have  10,000 
cubic  feet  in  every  place  where  a  man  is  working  ?— 
Not  in  the  board -and -pillar  mode  of  working. 

774.  {Mr.  fVoodhouse.)  How  do  you  account  for 
the  difference  in  the  temperature  between  71**  and 
60"  ? — ^I  think  that  at  that  place,  a  distance  of  only 
312  yards  from  the  shaft,  tiiere  ia  a  redaction  of 
tempmtnre,  caused  by  the  coal  having  been  exposed 
{<x  a  series  of  years  to  a  large  quantity  of  air  passing 
it,  at  a  high  velocity.  The  calculated  temperature  on 
the  basis  of  one  degree  for  each  63  feet  of  depth  is 
seven  degrees  more  than  it  actually  is ;  it  ought  to 
have  been  67"  instead  of  60*'. 

775.  Were  all  these  expei'iments  taken  on  one 
line  of  inclined  plane  ? — No  ;  some  were  taken  on 
the  level  roads  branching  from  the  incline  plane ;  there 
is  very  little  difference  in  the  surface  level  of  the 
ground  under  which  the  observations  were  taken. 
The  variation  of  depth  below  the  surface  was  caused 
by  the  dip  of  the  seam.  'I'he  distances  between  the 
shaft  and  places  of  observation  were  not  measured 
in  a  direct  line  between  the  two  points,  bnt  along  the 
road  that  the  air  travelled  between  them. 

776.  Is  that  tiie  way  in  which  those  distanees 
■were  aiTived  at  ? — Yes. 

777.  Yoa  are  400  feet  above  the  sea  ?— Yes. 

778.  {Mr.  Forster.)  The  temperature  in  the  coal 
at  4,332  yards  is  71°,  and  in  the  return  76".   At  75" 
the  air  passes  over  the  whole  of  the  men  in  the  pit,  . 
does  it  not  ? — No,  only  over  the  men,  boys,  &c  work- 
ing in  that  district. 

779.  Where  the  observation  in  the  return  air 
gives  71°  the  air  passed  over  the  whole  of  the  men 
in  the  pit  ?— Not  the  whole,  but  the  greatest  portion. 

780.  {Chcarman.)  Your  deductions,  I  think,  are 
based  upon  the  assumption  that  the  constant  tempera- 
ture of  the  ground  is  50"  at  60  feet  ?— Yes. 

781.  And  your  increase  is  calculated  from  that 
datum  ? — Yes. 

782.  Your  observations  seem  to  be  very  definite 
and  distinct,  and  it  is  impOTtant  to  us  that  we  should 
be  perfectly  satisfied  that  the  mode  of  taking  the  tem- 
peratures is  free  from  anything  which  may  be  delusive. 
If  I  understand  you  rightly,  you  took  them  in  two 
ways,  first  in  water,  and  secondly  in  air ;  that  is  to  say, 
the  temperatures  of  the  mineral  ? — ^Yes,  I  took  them 
in  both  ways,  both  in  water  and  in  air. 

763.  Will  you  explain  your  object  in  taking  them 
in  water  ? — I  thought  that  there  might  be  an  eddy  of 
air  in  the  hole  in  which  the  thermometer  was  placed, 
especially  where  large  currents  were  passing  it.  I 
thought  that  if  the  hole  was  filled  with  water  it  would 
prevent  that,  and  I  thought  it  advisable  to  take  it  in 
both  ways. 

784.  You  thought  that  the  water  would  equalize 
the  temperature  of  the  coal  and  would  flimish  a  con- 
venient medium  into  which  to  plunge  the  thermo- 
meter ? — Yes. 

785.  You  also  took  the  temperature  in  a  hole  filled 
with  air  vrith  a  plug  over  it,  so  as  to  prevent  any 
admission  of  the  external  air  ? — Yes. 

786.  Bid  you  find  any  difference  ? — No  appreciable 
difference. 

787.  In  both  cases  the  thermometers  were  expraed 
for  a  long  time,  namely,.  24  hours  ? — In  some  vases  12 
hours,  and  in  others  24  hours. 

788.  Then  the  result  of  your  observations  is  that 
in  this  particular  mine  the  rate  of  increase  in  tempe- 
rature is  one  degree  for  eveiy  68  feet  in  depth  ^— 
Yw. 

789.  Supposing  that  you  increased  the  depth  of 
that  mine,  following  that  rate  of  increase,  at  what 
depth  would  you  arrive  at  a  temperature  equal  to 
blood  heat  of  the  hunum  flrame,  namely,  98"  ? — 470 
&thonu. 
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790.  In  that  particular  colliery,  which  I  under- 
stand is  pretty  near  the  centre  of  the  import&nt  coal- 
field of  Northumberland  and  Durham,  you  have  data 
for  assuming  that  at  a  depth  of  470  fatlioms,  which  is 
2,820  feet,  the  temperature  at  the  working  frees  in  the 
mine  voald  be  equal  to  blood  beat,  namely,  98°  ? — I 
think  BO. 

791.  Have  you  any  experience  of  a  temperature  of 
98°  in  a  mine  ? — Not  in  coal  working.  I  have  some- 
times been  in  tomperaturea  above  that  in  mines  where 
fires  have  occurred. 

792.  Should  you  consider  it  pr«5ticable  at  that 
heat  to  exercise  the  necessary  physical  labour  to  hew 
coal  ? — I  think  that  men  could  work  in  it,  but  not  to 
the  extent  which  they  could  do,  in  a  cooler  atmo- 
sphere. 

793.  Do  you  think  that  there  would  be  any  mate- 
rial diflRarence  in  their  power  of  endurance  in  such  a 
temperature  ? — I  should  think  that  they  would  not  be 
able  to  do  much  more  than  one-half  the  amount  of 
work. 

794.  What  would  be  the  effect  of  an  increased  cir- 
culation of  air  when  the  temperature  rose  to  an 
equality  with  the  temperature  of  the  human  \io6j  or 
exceeded  it  ? — I  think  that  at  a  temperature  beyond 
blood  heat  the  greater  the  current  the  worse  it  would 
be  for  the  men. 

795.  It  would,  in  fact,  be  a  hot  wind,  and  the  less 
they  had  of  it  the  better  ? — ^Yes. 

796.  Then  you  would  not  look  to  ventilation  as  a 
means  of  keeping  down  the  temperature,  if  a  tempe- 
rature of  98°  was  maintained  ? — No ;  I  think  that  after 
the  current  of  air  got  beyond  blood  heat,  to  increase 
the  quantity  of  it  would  tend  to  enervate  the  man. 

797.  In  the  face  of  these  &cts,  supposing  that  at  a 
depth  of  3,000  feet  there  no  doubt  existed  a  valuable 
coal  seam  under  the  present  marketable  aspect  of  coal, 
would  joa  think  it  prudent  to  attempt  to  reach  that 
coal  ? — I  think  that  the  extra  cost  due  to  the  increase 
of  temperatuv  would  not  very  much  inevease  the 
expense  of  working  it,  because,  supposing  that  a  man 
could  only  work  one-half  the  quanti^  of  coal  at  that 
temperature,  the  extra  cost  upon  it,  would  only  be  a 
very  small  percentage  upon  the  selling  price. 

798.  Do  you  mean  to  say  that  50  per  cent,  upon 
the  wages  would  not  add  much  to  the  price  of  the 
coal? — Yes;  the  increase  would  only  be  upon  the 
hewing  and  the  putting,  and  on  all  the  labour  ex- 
pended in  that  particular  place,  where  the  temperature 
was  so  high. 

799.  But  that,  you  say,  would  apply  to  throe-fourths 
of  the  men  in  the  mine  ? — ^Alwut  that ;  but  the  aver- 
age price  paid  to  the  men  working  in  those  places 
is  not  more  than  Is.  6d.  or  2s.  a  ton,  and  doubling 
that  would  only  increase  the  price  in  that  proportion. 

800.  Then,  in  your  estimation,  it  is  not  so  much 
a  question  of  increase  of  cost  of  working,  as  it  is  of 
the  practicabilily  of  exceeding  a  certain  temperature ; 
there  will  be  some  depth  at  which  the  tanperature 
will  be  so  great  as  to  render  it  impossible  to  work 
coal  ? — ^Tes. 

*    801 .  And  there  also  will  be  a  gradual  increase  of 
cost  as  you  approach  that  temperature  ? — Yes. 

802.  But  that  gradual  increase  of  cost  you  think 
would  not  be  so  considerable  as  to  affect  the  broad 
question  of  whether  it  would  be  expedient  to  work 
coal  at  that  depth  or  not  ? — Not  at  470  fathoms  ;  the 
increased  cost  due  to  the  heat  would  not  prevent  it 
being  worked,  bat  other  elements  might  do  so. 

803.  I  presume  that  you  would  look  veiy  much 
to  the  introduction  of  mechanical  methods  of  hewing 
in  the  event  of  having  to  work  coal  at  those  great 
depths,  so  as  to  supersede  the  necessity  of  the  hardest 
part  of  the  labour,  namely,  the  hand  labour,  of  hewing  7 
—Yes. 

804.  Have  you  mnch  experience  of  machines  foi 
hewing  coal?— At  one  of  the  Hetton  collieries  we 
have  had  two  hewing  machines  worked  continually 
for  four  or  five  years.  I  have  also  tested  a  number  of 
different  descriptions  of  machines. 

805.  Have  the  difficulties  which  always  appertiun 
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to  the  introduction  of  a  new  machine  been  gradually       A  45 
overcome? — Mnch  improvement  has  been  made  t-o  Mr.Ladmg 
them  since  they  were  first  introdu-xd.  Wood. 

806.  Do   you  feel  satisfied    that   conl-hewing  •— 
machines  will  be  extensively  introduced  ? — Yes.  ^*  ^P^^ 

807.  And  if  introduced  into  these  very  deep  places,  ' 
will  they  in  a  very  great  measoro  obviate  the  increase 

of  cost  due  to  the  high  temperature  of  the  mine  ? — 
I  think  that  they  will  take  the  place  of  the  hardest 
part  of  the  labour  of  the  men  in  these  deep  mines. 

808.  It  has  been  sug(i;e3ted  before  this  Committee 
that  it  would  be  practicable  in  the  case  of  these  very 
deep  workings  to  bring  up  the  air  required  for  the 
men,  in  a  cool  state,  to  the  face  of  the  working,  by  so 
constructing  the  air  courses  that  there  shoulcl  be  an 
intercepting  stratum  of  air  all  round  about  the  casing, 
so  as  to  prevent  the  communication  of  heot  firom  the 
surrounding  mineral  to  the  air  circulating  through  the 
^sages  ;  do  yon  think  that  that  wou  Id  be  practicable  ? 
— I  think  that  the  cost  would  be  excessive  when  the 
woricing  places  are  at  a  distance  from  the  shaft,  and 
that  the  quantity  of  air  required  to  keep  the  venti- 
lating current  cool  would  also  have  to  be  large,  uul 
could  only  be  got  at  a  great  expenditure  of  power,  for 
the  area  of  the  outer  lining  of  the  air  chunber  could 
not  be  made  of  a  very  great  size,  and  the  friction  of 
the  air  passing  behind  it  would  be  very  considerable. 

809.  Then  you  would  not  rely  upon  that  method 
in  order  to  reduco  the  temperature  ? — I  do  not  think 
that  it  would  be  a  practical  one. 

810.  In  the  workings  in  tbis  pit  do  you  work  upon 
the  pillar-and-Btall  principle,  or  upon  the  long-wait 
principle  ?— Upon  the  pillar-and-stall  principle. 

811.  So  far  as  the  question  of  temperature  is  con- 
cerned, do  you  think  that  it  would  make  any  difference 
if  you  worked  upon  the  long-wall  system  ? — I  have 
had  very  little  experience  of  working  upon  the  long- 
wall  system,  but  I  do  not  think  that  it  would  make 
any  veiy  material  difierenee, 

812.  Wonld  the  exposure  of  tiie  air  to  a  newly 
worked  surface,  which  seems  to  be  the  great  cause  of 
acquiring  heat  to  the  air,  be  greater  or  less  in  the  long- 
wall  system  than  in  the  pillar-and-stall  system  ? — 
should  think  that  it  would  be  neai'Iy  the  same. 

813.  Would  the  long-wall  system  admit  of  your 
getting  a  greater  quantity  of.  air  alongside  the  work- 
ing face  than  the  pillar-and-stfJl  system  ? — In  the  long- 
walt  system  I  should  think  that  yon  would  get  a 
greater  quantity  of  air  in  one  body. 

814.  You  have  spoken  of  a  circulation  of  air  re- 
presented by  5,000  cubic  feet  a  minute ;  that  you  repi'e- 
sent  as  an  ample  circulation  of  air;  you  would 
consider  it  a  good  ciinmlation  of  air;  could  you  get 
that  quantity  at  the  face  where  the  men  are  working? 
—Yes  ;  but  I  do  not  tliink  that  that  quantity  is  going 
over  eveiy  man  in  the  face,  but  a  portion  of  it  is ;  it 
is  going  within  a  short  distance  of  him. 

815.  Upon  the  long-widl  system  eveiy  man  would 
get  the  benefit  of  the  whole  air,  would  he  not  ?— Not 
entirely ;  but  I  hare  had  very  little  experience  of 
working  the  long-wall  system. 

816.  In  those  cases  in  which  the  temperatures  are 
abnormally  low  in  your  table,  I  understand  you  to  say 
that  you  account  for  them  partly  by  the  short  dis- 
tance which  the  air  travels,  and  partly  by  the  passages 
having  been  long  exposed  to  the  action  of  the  current, 
and  therefore  being  cooled  down  ? — Yes. 

817.  Have  you  any  reason  to  think  that  the  general 
temperature  of  a  mine  diminishes,  namely,  that  it  is 
less  in  an  old  mine  than  in  a  new  one  where  the  coal 
is  being  worked,  or  is  the  reduction  of  temperature 
merely  confined  to  permanent  air  courses  ? — I  think 
that  it  is  confined  to  the  permanent  aii-  courses. 

818.  But,  notwithstanding  the  reduction  of  tempe- 
rature in  the  permanent  air  coui'ses,  yet  the  ur  closely 
approaches  in  temperature  to  the  mineral  itself? — 
Yes ;  but  that  greatly  depends  upon  the  velocity  and 
distance  which  it  travels. 

819.  You  say  that  in  one  part  of  your  mine  you 
have  a  great  increase  of  depth  in  consequence  of  bong 
under  a  hill  ? — ^Yes. 
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4g         82a  And  yciu  have  not  as  yet  taken  any  tern. 

Mr  Lindtmi    l>erature8  under  that  hill  ? — No. 
'  Wood!^       821.  {Mr.  Elliot.)  Aio  we  not  placing  some  un- 
duo  value  upon  the  excess  of  heat  which  seeme  to  be 

14  April  1869,  generated  from  the  working  of  the  coal  nt  the  face  of 

  the  coal?   I  should  like  to  have  your  opinion  aa  to 

what  is  the  practical  difference  of  temperature  in  the 
face  of  the  coal  which  you  are  working  from  day  to 
day>  OS  compared  with  coal  lying  at  &e  some  level 
from  the  surface,  but  100,  200,  or  300  yards  back, 
which  may  have  been  worked  for  s<Hne  few  years 
Itriw,  none  the  operations  in  either  caao  being  in- 
fluenced by  tbe  cun'ont  of  ur.  What,  in  that  case, 
would  be  your  opinion  as  to  tlio  temperature  ? — I  have 
not  made  any  experiments  specially  upon  that  poinl^ 
but  I  don't  think  there  would  be  any  diflference  of 
the  teniperatmTfl. 

822.  Does  any  reason  occur  to  you  leading  you 
to  suppose  that  there  should  be  a  difference  other 
thau  the  cooling  effect  of  passing  a  current? — No. 

823.  And  the  difference  between  the  temperature 
of  the  air  before  it  comes  in  contact  with  the  face, 
and  the  temperature  of  the  face  itself,  is  two  or  three 
degrees.  I  suppose  that  there  would  not  be  much 
difference  of  opinion  amongst  mtuing  engineers,  that 
in  working  places  at  a  high  temperature  it  could  be 
done  with  less  inconvenience  from  heat  by  the 
system  of  long-wall  as  compared  with  the  pillar-aud- 
stall  system,  the  one  concentrating  the  whole  cur- 
rent, and  the  other  being  split  up  and  divided  ? — 
When  the  temperature  is  excessive  T  do  not  think  there 
would  be  much  difference  between  the  two  eystems, 

824.  Take  the  temperature  of  80°?— My  ex- 
perience of  the  long-wall  system  has  been  very 
limited,  but  I  always  considered  that  we  could  keep 
the  air  under  better  coutt^l  in  board-and-stail  system 
than  we  could  in  long-wall. 

825.  By  bratticing  up  ?— Yes. 

826.  What  quantity  do  you  get  in  board-and- stall 
work  where  you  brattice? — It  varies  in  every  dis- 
trict according  to  the  number  of  men  working. 

827.  Do  yon  think  that  a  man  there  would  be  as 
cool  as  on  the  lotig-wall  system  f — I  think  so,  from 
my  experience  of  the  long-wall  ^stem. 

ffi!8.  In  your  obawvations  with  regard  to  ^rorking 
coal  at  great  depliis,  have  yon  perceived  that  in  sucn 
situations  the  coal  is  easy  to  pet,  that  it  is  soft,  and 
not  so  hard  as  at  less  depths  ? — ^Yes ;  the  deepest 
seams  ai'C  generally  the  easiest  to  work  so  far  as  re- 
gards the  hewing  ;  the  men  get  more  tons  of  coal  in 
the  same  time. 

829.  Having  regard  to]  that  fact,  as  to  the  cost  of 
getting  the  coal  where  it  is  easy  to  get,  would  ;ou 
still  be  of  the  same  opinion  that  it  would  require  two 
'  men  to  do  one  man's  work  at  a  temperature  of  98°  ? — 
I  think  that  it  would,  unless  some  mechanical  ar- 
rangement were  brought  into  use. 

8S0.  Tour  experience  of  deep  pits  goes  to  show 
that  that  part  of  the  work  is  not  very  exoessive  ? — 
It  is  not  so  much  so  as  it  is  in  the  hardw  seams. 

831.  It  is  not  so  mn<di  as  it  is  in  the  same  seams 
mx  a  less  depth  ? — No. 

882.  The  mere  hewing  would  be  what  would  be 
affected  by  a  high  temperature.  Yon  could,  I  sup- 
pose, do  it  by  mechanical  appliances  ? — ^Yes,  to  a 
great  extent ;  and  the  labour  itself  would  not  be 
excessive. 

888.  It  would  be  confined  to  the  act  of  hewing 
the  coal  ? — There  would  be  the  hewing,  and  to  a 
certain  extent  the  labour  of  inserting  timber. 

884.  (JIfr.  Dickinson.)  Supposing  that  men  were 
only  to  work  half  time  in  these  high  temperatures, 
what  coBt  per  ton  would  be  added  to  the  coal  ? — I 
said  before  tiiat  I  thought  that  it  would  not  exceed 
U.  6d.  or  2«. 

(The  witness 


885.  {Mr.  Forster.)  Doubled  ?_Yee. 

836.  {Mr.  PFoodhouse.)  Do  you  consider  that  the 
temperature  of  the  coal  and  of  its  cover  and  floor 
would  be  pretty  uniform  ? — I  have  no  data  on  that 
point,  but  think  they  would  be  pretty  uniform. 

837.  As  to  the  relative  temperature  in  piUar-and- 
stall  work  and  in  long-wall  work,  assuming  thac  a 
given  quantity  of  coal  has  been  taken  out  of  the  pit, 
say  500  tons,  npou  the  pillar-and-stfdl  system,  you 
must  have  a  certain  length  of  boards  to  get  that 
quantity  ? — Yes. 

838.  Assuming  that  the  same  quanti^  will  .be  got 
out  by  the  long-wall  system,  will  not  there  be  much 
less  area  of  coal  exposed  by  ^  long-wall  system  than 
in  the  pillai>aud-stall  system  ?  Supposing  that  yon 
have  a  face  of  300  yards  upon  the  long-wall  system, 
and  that  it  produces  300  tons,  you  must  have  300 
yards  of  bou-d  to  produce  the  same  quantity  upon  the 
pillar-aud-stall  system.  Would  there  not  bo  agreater 
radiation  of  heat  upon  the  pillor-and-stall  system  than 
upon  the  long-wall  system,  always  leaving  out  of  the 
question  the  pillars  and  floor  ? — I  dbould  think  that  a 
greater  surface  would  be  exposed  upon  the  pillar-and- 
stall  sj^tem  than  upon  the  loog-waU  system. 

839.  {Chairman.)  Taking  the  roof  and  Aoot  to 
be  of  the  same  temperature  as  the  coal,  upon  which 
'system  would  the  greater  sm-fttce  of  coal  be  exposed  ? 
— ^I  should  think  upon  the  piUar-qad-^tim  system  ;  it 
would  I  think  depend  upon  the  system  oa  which  yon 
worked ;  ibere  are  many  dififerent  modes  of  working 
by  the  long-wall  system, 

840.  {Mr.  ElUoL)  I  am  not  sure  that  I  make 
myself  (^ear  in  the  question  which  I  asked  as  to  the 
difference  between  Uie  long-wall  system  and  the 
board-und-stall  system  ? — know  very  little  about  the 
long-wall  system  of  working.  We  generally  had 
more  diffict^y  in  keeping  the  air.  on  the  men  when 
working  by  the  long-wall  system  than  by  the  board- 
and-stail  system. 

841.  {Chairman.)  I  understand  you  to  say  that 
when  a  temperature  of  98°  is  reached  nothing  will  be 
gained  by  getting  a  larger  quantity  of  air  up  to  the 
&ce  ? — I  think  not 

842.  Therefore,  so  £u-  aa  tiie  cii*culation  is  con- 
cerned, there  would  be  no  difference  between  the  iong- 
wall  system  and  the  pillar-Ubdrstall  systna ;  yon 
wonld  not  get  wy  advantage  ? — I  think  not  at  that 
temperature. 

848.  With  reference  to  a  questicm  which  was 
asked  you  by  Mr.  Elliot,  do  you  say  that  a  surface 
which  had  been  long  exposed  would  radiate  as  much 
heat  as  a  surface  which  had  been  newly-  exposed  ;  do 
you  think  that  it  makes  any  difference  whether  the 
communioatii^  surfaoe  is  an  old  or  a  new  surface  ? — 
I  think  that  if  a  place  was  shut  off  from  the  external 
air  the  heat  ^uld  oome  up  to  that  of  the  body  of 
coal. 

With  the  ordinary  conditions  of  the  air  drculating 
through  a  mine,  do  you  think  that  an  old  face  would 
communicate  as  much  hea^  as  a  new  face  ? — ^If  the 
quantity  of  air  circulating  past  the  old  face  was  not 
laig^  ten^iffature  (h  the  coal  would  be  at  itr 
nonnal  tenuperature  and  would  give  off  the  same 
amount  of  heat  as  a  new  &ce. 

844.  Do  you  feel  any  very  confident  opinion  that 
it  would  be  practicable  to  work  at  all  at  a  temperetore 
of  98°  ;  are  yon  satisfied  that  the  constitutiofi  of  the 
men  could  stand  it  ? — think  that  it  would. 

845.  Is  that  about  the  limit  which  yon  would  be 
inclined  to  fix  ? — I  think  beyond  that  tempacatnre 
the  amount  of  work  they  could  do  would  be  little  ? 

846.  That  is  to  say,  that  whw  [you  got  to  a  tem- 
perature where  the  existing  circumstances  instead  of 
cooling  would  heat  the  men,  you  would  not  have  any 
confidence  in  gmng  b^r<md  that  limit  ? — I  think  not. 

withdrew.) 


J.J.AMimitt 

w  IZsT^M  ^"^^  {Chairmtm.)  Ym  are,  I  believe,  Govem- 
14  Apm  iw9,  j^^j  Inspector  for  a  division  of  Dnrham  ?— Tea,  for 


J^raN  3.  Atkinsok,  £eq.,  Chiltm  Moor,  Fence  Housed,  exunined. 

the  principal  and  southrau  part  of  the  county  of 
DnduuDia 
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■  848.  And  your  experience  lies,  I  beUeve,  chiefly 
in  the  Hetton  district,  does  it  not  The  evidence 
which  I  intend  to  give  relates  chiefly  to  that  neigh- 
bourhood. 

849.  Ton  have  heard  the  examination  of  Bfr.  Wood, 
and  yon  know  exactly  the  points  to  which  we  are 
giving  our  attention  ;  will  yon  favour  us  with  what 
infonnation  you  have  to  give- upon  those  points? 
— I  have  not  had  time  io  organize  my  obaei-vationa 
very  well,  but  I  can  give  them  in  general.  I  have 
had  some  observations  taken  at  Seaham  Colliery, 
which  is  one  of  the  deepest  collieries  in  the  district. 
On  the. 2nd  of  AprU,  the  present  month,  at  Seahimi 
CoUieiy  the  barometer  on  the  surface  was  29*4  inches  ; 
at  the  bottom  of  the  shaft  it  was  80*7  inches.  The 
water  gauge  with  the  resistance  of  the  workings  and 
of  the  downcast  shaft  only  was  5*5  inches,  exclusive 
of  the  reustan^  of  the  upcast  shaft.  At  the  shaft 
bottom  the  water  ^ango  was  4*1  inches,  which  does 
sot  inchide  nther  of  the  shaft  resistances.  The,  air 
St  the  ^hf^  on  tlie  surAce  had  a  temperature  of  41 
degrees  ;  at  llie  shaft  bottom  it  was  44 '  di^rees. 
The  depth  of  the  shaO:  was  254  fkthoms,  or  1,524  feet. 
The  quantity  of  air, descending  the  shaft  wa?  193,346 
cubic  feet  per  minute.  There  are  no  steam  pipes  in 
the  shaft.  The  temperatiire  of  the  air'  in  the  iutnke 
at  a  distance  of  1;642  ^ards  from  the  shafl  bottom, 
which  is  about  half-way  in  towards  the  commencement 
of  the  workings,  was  61  degrees,  the  point  where 
that  observation  -Was  made  being  about  3  feet  above 
the  level  of  the  shafl  bottom.  .  The  tempci*ature  of  the 
lUr  at  the  inbye  engine-station,  near  to  the  workings, 
was  67  degrees.  The'distaace  irom  the  shaft  to  t^t 
point  was  2,V28  yards.  .The  depth  below  the  bottom 
the  shaft  at  that  point  was  45  feet,  making  the 
totiU  depth  below  the  top  of  lite  shaft  1,569  feet, 
^e  temperature  at  the  &ce  of  the  last  of  the  working 
phices  was  82  degrees,  and  immediately  before  the  air 
entered  the  return  it  was  only  76  degrees,  the  depth 
at  that  place  being  12  &et  below  the  shaft  bottom, 
the  total  depth  being  1|5S6  ibet  below  the  top  of  the 
shaft. 

85a  {Mr.  Forster.)  Below  the  shaft  ?— Yes  ; 
1,536  feet  below  the  top  of  the  shaft  consisting  of  the 
depth  of  the  shaft  added  to  the  descent  in  the  mine 
from  the  bottom  of  the  shaft.  I  should  suppose  that 
the  top  of  the  shaft  is  abont  204  feet  above  the  level 
of  the  sea.  The  temperature  of  the  return  air  about 
half-way  between  the  last  working  place  and  the 
upcast  shaft  is  76  degrees,  the  place  of  observation 
in  this  case  being  three  feet  above  the  bottom  of  the 
shaft  leveL  The  temperataro  of  the  return  ur  as  it 
approaches  the  ftamoce  (but  supposed  to  be  gut  of 
the  mfluence  of  the-  furnace)  is  76|-  de^-ees,  that  is 
half  a  degree  more. , 

851.  (Mr.  Elliot.)  What  is  the  distance  of  the  work- 
ings?— -It  is  about  IjlOO  yards  ;  it  is  a  long  distance. 
The  distqnco  from  the  upcast  where  the  last  observation 
was  taken  was  253  yaid^  but  was  only  100  yards  from 
the  furnace.  The  depth  at  that  point  of  observation 
beneath  the  level  of  the  bottom  of  the  shaft  was 
25  feet.  The  number  of  men  and  boys  over  .whom 
tiie  ur  passed  in  the  district  where  the  observations' 
were  made  were  30,  besides  13  horses  and  ponies  on 
fbe  way.  The  district  was  worked  with  Davy  and 
Clanny  lamps,  the  air  passing  over  13  naked  gas  lights 
near  llie  bottom  of  the  shaft.  It  also  passes  by  the 
side  of  an  underground  engine  which  is  shut  off  by  a 
brick  wall,  and  produces  veir  little  effect  upon  the 
fur.  The  quantity  of  air  circuiatmg  in  the  particular 
district  where  the  observations  were  made  was  8,000 
cubic  feet  per  minute.  The  pit  was  being  worked 
during  the  time  that  these  obser^'ations  were  taken. 
I  have  a  parallel  set  of  observations  taken  at  the  same 
points  when  the  working  of  the  mine  had  ceased 
seven  hours.  In  those  observations  the  temperature 
at  the  surface  was  39  degrees. 

■  852,  {Mr.  Dickinson,) /Wh&i  was  the' temperature 
when  the  pit  was  at  work  ? — It  was  41"  at  the 
]sur^oe,  and.whe^  off  work  39°.  At  the  shaft  bottom 
It  was  5(f  whisn  otf  Srork,  compared'  Tftth  30°  At  the 
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top.   At  1,642  yards  from  the  shaft  bottom  iu  the       A  47 
intake,  and  3  feet  above  the  ievd  of  the  shai^  bottom,  J.  J.  Atkuuomt 
the  temperature  was  68°.   I  may  state  that  all  Aese 
l«mperatui-ea  are  the  temperatures  oi  the  corrent  of 
air  circulating  in  the  mine.  u  April  1869. 

853.  {Chairman.)  And  not  the  mineral  tempore- 
tare  ? — And  not  the  mineral  temperature.  The 
temperature  at  the  landing  station  when  not  working 
was  68^*  at  a  distance  of  2,728  yards  from  the  bottom 
of  the  shaft,  and  45  feet  beneath  the  level  of  the  shaft 
bottom.  The  temperature  after  leaving  tho  lust 
ordinary  woAing  place  (but  it  was  not  at  work)  was 
77°,  the  depth  below  the  shaft  level  (landing  plaPR 
at  the  shaft)  being  12  feet.  The  temperature  of  tlio 
return  air,  half-way  out  from  the  last  woiking  place 
towards  the  furnace,  was  76^**  at  a  level  3  feet  above 
that  of  the  shaft  bottom.  The  temperature  of  the 
return  air  100  yards  back  from  the  furnace  was  77^% 
the  point  of  observation  being  25  feet  below  thetevel 
of  the  bottom  of  the  shaft. 

854.  {Mr.  Dickiiuon.)  Was  the  quantity  of 
the  same  ? — It  is  given  as  6,000  cubic  feet  per  minute, 
whereas  it  is  given  as  8,000  cubic  feet  per  minute 
while  the  pit  was  being  woriced. 

855.  Which  would  account  for  this  gi*eater  tem- 
perature existing  in  the  working  face  ? — Yes,  it  may 
do  so.  The  distance  from  the  upcast  shaft'  to  the  lout 
point  of  observation  was  253  yards,  and  the  number 
of  men  and  boys  over  whom  the  air  hacl  passed  on  the 
way  iu  these  observations  was  six,  besides  three 
horses  and  ponies.  The  Davy  and  Clanny  lamps 
were  used,  and  six  gas  lights  were  burning.  The 
quantity  of  air  in  the  district  was  6,000  feet  at  ni^t, 
OS  compared  with  8,000  feet  in  the  day.  The 
barometer  in  the  night  observations  on  the  surface 
stood  at  30*1  inches.  The  water  gauge  at  the  shuft 
bottom  stood  at  3*1  inches.  I  liavc  H<nne  fuither 
observations  taken  at  Ryhope,  Murton,  and  Monk- 
wcarmouth  collieries. 

856.  (Chairman.)  You  have  a  chart,  will  you 
explain  it  ? — ^Yes.  The  horizontal  distances  represent 
temperatures  (commencing  at  40")  oU  a  scale  of  6°  to 
the  inch.  The  depths  are  the  vertical  distances  on 
a  scale  of  200  feet  to  an  inch. 

(  The  witness  explained  the  chart  to  the  Committee.) 
867.  We  understand  that  yon  have  taken  observa- 
tions either  by  yourself  or  by  your  assistants,  those 
assistants  being  persons  upon  whom  yon  can  rely? 
— Yes;  by  persons  who  have  kindly  acted  under  a 
code  of  writt^  instructions  from  me. 

858.  In  your  chart  you  represent  a  group  of  six 
collieries  ? — ^They  are  six  diff^^nt  sets  of  observatitms 
in  some  of  our  deep  pits. 

859.  In  those  deep  pits  you  have  only  taken  the 
temperatures  of  the  air,  and  not  of  the  mineral  ? — Yes ; 
hut  the  places  chosen  for  the  diagram  are  such  as  I 
think  will  closely  approximate  to  the  actual  tempera- 
tures of  the  mineral,  viz.,  half-way  back  in  the  rcturus 
between  the  faces  and  shafts. 

860.  And  you  have  taken  them  at  varions  distances 
from  the  shaft  ? — Yes,  both  in  the  intake  and  also 
in  the  return  air  ways. 

861.  Will  those  points  correspond  in  respect  of 
distance  from  the  shaft  and  general  conditions  ? 
—Proportionally  so,  in  the  different-  mines.  The 
workings  in  some  of  the  mined  are  ftirther  from  the 
shafts  uian  in  others,  but  in  the  intiikes  the  obserya- 
tioDS  are  first  tsken  near  the  shaft  bottom,  and  then 
they  are  taken  half-way  from  the  bottom  of  the  down- 
cast shafts,  and  then  agun  at  the  commencement  of 
the  workings,  and  then  further  on  in  the  workings, 
and  then  at  the  inner  end  of  the  return  near  to  the 
workings,  and  again  in  the  return  air  about  half-way 
out.  towards  the  upcast  shaft,  and,  lastly,  then  they 
are  taken  when  the  return  air  current  has  nearly 
reached  the  bottom  of  the  upcast  shaft.  It  is  the 
observations  taken  about  half-way  out  in  the  return 
air  ways  that  I  rely  upon  as  being  nearest  to  the 
normal  temperature  of  the  mineral  strata  as  exhibited 
on  the  diagram. 

-  '8tf2.  At  those  points  the  sir  has  been  healed, 
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^  48      not  oniy  Dy  the  contact  with  the  mine,  bat  also  by 
J.  J.  AtlttHMon  tlie  contact  with  the  horses,  and  men,  and  lamps, 
EMq.      '  and  so  forth,  in  tbe  mine  ? — Yes  ;  but  upon  examina- 
tion  A  think  you  will  find  that  this  air,  although 
14  April  1869.  jt  may  ggt  a  degree  or  two  above  what  I  linve  taken 
as  the  normal  temperature  while  it  is  in  the  workings, 
yet  I  believe  that  in  coming  out  in  the  return  it  loses 
this  excess,  and  cools  again,  after  having  passed  the 
hottest  working  places  ;  I  believe  that  that  is  about 
the  normal  temperature  of  the  exposed  surface  of  the 
strata  as  well  as  that  of  the  air  at  the  place  of  observa- 
tion with  the  prevailing  current  ciixulating  at  the 
time. 

863.  You  have  heard  Mr.  Wood  state  that  in  an 
adjacent  colliery  the  increase  of  temperature  in  the 
mineral  seems  to  correspond  with  63  feet  for  1° 
Farenheit  in  de3cending  ?-— Yes. 

864.  And  the  temperature  of  the  air  seems  to  be 
near  about  that,  but  modified  by  the  circumstances. 
How  far  does  the  mean  temperature  which  is  observed 
in  Ihese  several  cases  agree  with  that  which  Mr.  Wood 
has  given  us  ;  he  has  given  us  63  feet,  and  you  give 
us  about  54  feet  ? — Yes.  In  taking  it  as  54  feet  I 
allowed  this  bore  hole  to  influence  me  {pointing  to  tlu 
chart).  That  red  lino  is  54  feet.  I  averaged  il^ 
allowing  only  slightly  for  the  bore  hole. 

865.  Does  this  average  include  the  temperature 
of  l^s  bora  hole  ? — ^It  is  not  a  precise  average,  but 
it  is  influenced  by  it  to  a  small  extent  mily. 

866.  What  is  the  rate  of  increase  at  this  bore 
bole? — 39-12  feet  per  degree  of  temperature. 

867.  So  that  it  is  very  much  more  rapid  in  the 
bore  hole  than  in  the  mine  ?— Quite  so. 

868.  Ai-e  you  satisfied  that  there  ia  no  abnormal 
condition  there  to  account  for  it  ? — I  have  some 
doubt  upon  that  point.  Tho  bore  hole  was  full  of 
water  at  the  time  when  the  observation  as  to  tempe- 
rature was  made.  The  boring  operations  had  only 
been  stopped  for  20  minutes  at  the  time  when  the 
temperature  was  observed,  and  I  have  my  doubts 
whether  the  working  of  the  bore  rods  and  tool  may 
not  have  made  it  rather  hotter  than  its  normal  con- 
dition. 

869.  That  is  quite  out  of  harmony  with  the  bora 
botes  of  artesian  wells  ? — It  would  not  make  a  serious 
alteration  to  exclude  its  influence  from  my  average. 

870.  Perhaps  you  would  say  55  instead  of  54? 
— Ryhope  Colliery  gives  53^  feet  per  degree  below 
the  first  60  feet ;  at  that  depth  the  annual  me^  tem- 
perature of  48°  is  taken  to  prevail,  and  I  think  that 
that  is  about  the  average  rate  of  increase,  excluding 
the  bore  hole  ;  60  feet  being  to  add,  to  make  up  the 
depth. 

871.  According  to  that,  at  what  depth,  according 
to  your  average,  would  you  find  the  temperature 
which  we  have  taken  as  a  standard,  namely,  blood 
heat  of  the  human  body,  that  is  to  say  98"  ? — I  take 
48"  OS  the  mean  annual  temperature  of  the  district 
where  these  collieries  are  situated. 

872.  Would  you  not  take  the  constant  heat  of  the 
temperature  where  your  collieries  ara  situated  as  50°  ? 
•—I  believe  that  48  is  about  the  mean  annual  tempera- 
ture of  their  position,  and  frmu  48"  the  increase  of 
temperature  up  to  blood  beat  is  50^,  and  the  depth  is 
2,735  feet  on  allowing  no  increase  beyond  48°  for 
the  60  feet  next  to  the  surface. 

873.  At  a  depth  of  2,735  feet  you  would  have 
with  the  present  amount  of  circulation  going  on  in 
these  mines  a  temperature  of  98"  ?— Yes,  blood  heat 
or  98^ 

874.  Is  the  circulation  which  is  going  on  in  these 
mines  abundant  ?— Yes.  In  one  case  the  power 
utilized  in  the  air  amounts  to  210  horse  power.  I 
am  speaking  of  Seaham,  and  that  quantity  of  air  to  be 
produced  by  one  of  tbe  first-class  ventilating  machines 
would  require  about  double  that  power,  as  indicated 
power  or  420  horse  power,  to  produce  it. 

875.  What  would  be  the  rate  of  increase  of  power 
to  produce  a  cei'tain  increase  of  ventilation  ;  suppose 
that  you  wanted  double  the  ventilation  ? — It  is  rather 
higher  than  in  proportion  to  the  cube  of  the  quanUly 


of  air  in  the  same  unaltered  mine,  so  that  yon  would 
require  to  employ  rather  more  than  eight  times  the 
power,  when  exhaustion  is  used. 

876.  Will  you  put  that  into  figures  ? — It  would  be 
upwards  of  3,360  indicated  horse  power,  or  1,680 
horse  power  utilized,  the  utilized  power  being  assumed 
at  50  per  cent,  of  the  indicated  power. 

877.  Do  you  think  that  that  inci-ease  would  have 
the  effect  of  keeping  down  the  temperature,  or  to 
what  extent  ? — think  t)iat  it  would  do  so  to  a 
trifling  extent;  to  a  more  considerable  extent  in  the 
intake  than  in  the  working  &ces  and  return  air  ways, 
but  I  think  not  to  any  great  extent. 

878.  Yon  have  heard  Mr.  Wood  state  that  it  made 
a  difference  of  a  degree  and  a  half  when  you  doubled 
the  quantity ;  you,  I  suppose,  have  not  had  any 
observations  to  that  effect  ? — No  ;  I  have  not. 

879.  {Mr.  ZHckinson,)  I  know  that  you  have 
made  a  great  many  experiments  with  regard  to  the 
amount  of  power  which  is  utilized,  because  we  have 
made  a  great  number  jointly  with  a  great  number  of 
ventilating  machines,  both  in  this  country  md  upon 
the  continent ;  what  amount  of  power  is  generally 
utilized  with  the  best  ventilating  madiines? — ^The 
best  ventilating  machines,  I  shouM  say,  utilize  about 
50  to  55  per  cent,  of  power  •  sometimes  they  exceed 
that ;  I  have  known  67  per  cent,  to  be  utilized  by  a 
Guibal  fan,  but  that  is  quite  an  ezoepti(nutl  case. 

880.  As  compared  widi  a  fomaoe,  say  at  a  depth 
of  about  400  yards,  what  proportion  aoea  it  bear  ? 
— X  have  not  recently  made  experiments  or  calcula- 
tions on  that  subject  sufficient  to  enable  me  to  answer 
the  question  off'-hand  with  any  great  confidence.  At 
depths  of  400  yards,  I  think  that  the  best  ventilating 
machines  would  save  a  good  deal  of  the  consumption 
of  coal.  A  fm'nace  at  that  depth  is  not  a  very 
economical  moile  of  employing  coals  to  generate 
power  to  produce  ventilation. 

881.  Then  you  look  to  mechanical  means  being 
likely  to  be  increased  so  as  to  supersede  the  furnace  ? 
—Yes,  in  pits  of  moderate  depths,  but  not  so  mudi 
so  in  pits  so  deep  as  to  have  a  temperature  of  98'*. 

882.  {Mr.  Forster.)  At  Murton  Colliery  they  have 
a  very  good  ventilating  fbmace  ? — Yes,  they  have. 

883.  {Mr.  JMekinson.)  Will  you  state  the.  pro- 
portionate increase  in  the  quantity  of  power  required 
to  obtiun  proportionate  increase  in  the  quantity  of  air 
through  tlie  workings  ? — The  power  required  increases 
in  a  ratio  rather  higher  than  that  of  tbe  cube  of  tbe 
quantity  of  air  circulated  in  a  given  time  in  the  same 
unaltered  mine  ;  so  that  if  you  wanted  double  the 
quantity  of  air  you  must  employ  rather  more  than 
eight  times  the  power,  if  you  wanted  to  treble  (he 
quantity  of  air  you  must  employ  rather  more  than 
27  times  the  power,  and  if  you  wanted  to  obtain  four 
times  the  quantity  of  air  you  would  require  to  employ 
rather  more  than  64  times  the  power,  in  tho  same 
unaltered  mine,  exhaustion  being  employed. 

884.  {Chairman.)  Will  you  explain  the  reason 
why  that  is  so  ? — ^The  reason,  I  think,  is  nearly  self- 
evident  ;  it  has  been  established  by  many  observations 
tiiat  the  resistance  increases  as  the  square  of  the 
velocity  with  which  Uie  air  ti-avels.  Then  if  we 
double  the  quantity  of  air  there  is  double  the  velocity 
and  four  times  the  resistance,  and  that  four-fold 
resistance,  owing  to  the  double  quantity,  bos  to  be 
overcome  at  double  speed,  which,  of  course,  requires 
eight  times  the  original  power  ;  if  we  treble  the 
quantity  of  air  the  resistance  becomes  increased  nine 
times,  but  we  have  to  overcome  this  nine-fold  resist- 
ance at  three  times  the  original  velocity,  and  therefore 
it  requires  27  times  tbe  power.  The  reason  of 
increased  volumes  of  atmospheric  air  of  ordinwy 
pressure  and  temperature  requiring  pressures  and 
powers  somewhat  beyond  those  that  would  be  pro- 
portional to  the  squares  and  cubes  respectively  of 
tbe  quantities  circulated  in  a  given  time,  in  the  same 
QDidte  red  mine,  arises  &om  Ihe  f^eaier  volume  assumed 
by  a  given  weight  of  such  air  under  the  in<»'eased 
exhaustions  required  to  circulate  them,  when  ez« 
haustion  is  employed,  as  is  almost  muTersally  thg 
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cue,  to  produce  ventilation  in  mines.  If,  in  lieu  of 
exhaustion,  compressutn  or  forcing  were  employed 
Uie  ratios  of  increase  would  be  less ;  but  for  the 
small  amounts  of  exhaustion  or  compression  employed 
in  the  ventilation  of  mines,  these  slight  differences 
may  for  practical  purposes  be  neglected,  and  generally 
only  require  consideration  where  high  pressures  are 
employed. 

885.  (itfr.  Vivian.)  You  have  spoken  with  regard 
to  mines  of  400  yards  deep  being  more  easily  venti- 
lated by  a  fan  than  by  a  furnace  ?— •Yes  ;  bo  iar  as 
the  amsumption  of  coal  is  concerned. 

886.  When  we  talk  of  great  depths,  what  would 
be  your  opinion  ? — I  think  that  the  two  systems 
would  come  into  close  competition  with  each  other. 
At  400  or  500  fathoms  depth  I  think  that  they  would 
be  about  equal ;  that  is  to  say,  in  the  mere  economy 
of  coals. 

887.  When  you  speak  of  horse  power  to  produce 
certain  effects,  you  speak  of  it  with  reference  to 
a  furnace  acting  in  a  shaft  of  a  certain  depth  ? — -Yes ; 
where  furnace  action  is  employed  a  given  quantity 
of  coal  consumed  in  a  given  {ime  will  produce  a 
greater  ventilating  power  and  a  greater  amount  of 
ventilation  in  a  deep  than  in  a  shallow  upcast  sliaft, 
the  mine  and  air  ways  being  the  same. 

888.  The  power  is  derived  from  the  consumption 
of  coal  ? — ^Yes. 

889.  If  you  double  the  depth  of  your  shaft,  and 
use  Uie  same  quantity  of  coal,  what  will  be  the  effect 
upon  the  ui'  current  ? — ^It  will  be  that  the  ur  will  be 
increased  in  the  proportion  of  the  square  i-oots  of  the 
dqiths  of  the  shidls,  provided  the  average 
temperatnre  of  the  upcast  shaft  remains  the  same ; 
but  in  a  deeper  shaft  the  average  temperature  would 
be  less,  since  the  same  quantity  of  coal  would  not 
produce  so  high  an  average  temperature  in  a  deep 
shaft  as  it  would  create  in  one  of  less  depth. 

890.  Have  you  ascertained  that  ? — I  know  it,  and 
it  is  self-evident,  I  think  ;  the  air  cools  as  it  ascends 
the  upcast  shaft ;  the  higher  you  go  the  cooler  it 
gets,  and  the  more  au'  you  hare  to  heat  the  more  coal 
is  required  to  heat  it  to  the  same  temperature. 

891.  But  that  is  not  in  relation  to  the  depth,  is 
It  ? — It  bears  some  relation  to  it ;  the  longer  the 
chimney  or  shaft  the  more  cooling  power  is  brought 
to  bear  upon  the  air  as  it  ascends. 

892.  But  the  greater  the  height  of  the  chimney 
or  shaft,  the  greater  is  the  power  produced  by  the 
same  amount  of  coal,  is  it  not  ?~Undoubtedly. 

893.  Consequently  the  consumption  of  the  same 
amount  of  coal  in  a  shaft  double  the  depth  would 
produce  a  lately  increased  power  of  ventilation  ? 
— If  the  same  average  temperature  could  be  main- 
tained (which,  however,  it  cannot  be)  with  the  same 
amount  of  coal,  four  times  the  depth  would  give  some- 
thing less  than  double  the  quantity  of  air  in  a  given 
time.  The  average  temperature  would  be  less  with 
the  same  quantity  of  coals  m  a  shafl  of  double  depth 
than  in  a  shaft  of  single  depth  to  ventilate  the  same 
unaltered  mine. 

894.  But  the  difibrence  between  the  weight  of  the 
ur  would  be  very  great^  would  it  not  ? — ^Yes,  but  it 
would  not  do  away  wiUi  what  I  have  spoken  of.  As 
vH'is  to  or  as  1  is  to  1-4142,  that  would  be  the 
increase  in  the  quvitity  of  air,  except  for  the  fact 
that  with  a  double  depth  there  would  be  more  shaft 
resisbmce,  and  with  the  same  consumption  of  coal  the 
average  temperature  would  be  lower  in  the  deeper 
shaft,  as  there  would  be  a  greater  quantity  of  air  to 
heat  and  more  cooling  surface,  and  that  makes  the 
proportion  of  increase  to  be  less :  probably  the  iuci-easo 
of  air  would  amount  to  about  30  per  cent,  of  the 
OTiginal  quantity,  from  doubline  the  original  depth 
wiUi  the  same  consumption  of  coal  in  a  mine  of 
average  resistance. 

895.  Then  a  shaft  of  200  fathoms  would  represent 
1,  and  a  shi^  of  400  fktfaoms  would  re^esent  1*3  ? 
— ^Yes  ;  about  that,  as  rdative  vdumee  of  air  circu- 
lated by  Hie  same  consumptitm  of  coal  in  ahafts  of 
siugle  and  doable  depth. 

18488,  VOI..II. 


896.  That  is  with  regard  to  the  reUtive  power       A  49 
of  a  given  quantity  of  coal  ?— Yes.  Aikmson, 

897.  {Chatrman.)  I  think  that  the  original  ques-  JSmq. 

tion  had  reference  to  the  circulation  of  air  in  Seaham  

Colliery  ;  and  I  think  that  you  stated  that  the  present 

quantity  of  air  involved  a  cert^n  expenditure  of  ^— ^— 

power;  that  by  the  furnace  principle  and  not  by  a 

machine  it  involved  210  horse  power  utilized  ? — ^Yes, 

898.  And  you  then  proceeded  to  say  that  if  that 
quantity,  with  the  same  circumstances,  was  doubled, 
it  would  require  so  much  more  ? — Double  the  quantity 
of  air  would  require  at  least  eight  times  the  power  to 
be  utilized;  it  would  require  at  least  1,680  horse 
power  to  be  utilized. 

899.  Supposing  that  that  cu-cukttion  had  been 
effected  by  a  machine  instead  of  a  furnace,  would  the 
horse  power  expended  have  been  less  or  more  ? — The 
proportionate  increase  in  the  power  would  have  been 
almost  the  same,  but  there  is  a  shade  of  difference. 
The  increase  of  resistance  in  the  upcast  shaft  for  an 
increased  quantity  of  air  is  rather  greater  with  a 
furnace  than  with  a  &n,  owing  to  the  expansion  of 
the  air  by  heat. 

900.  What  would  be  the  difference  to  which  you 
would  get  from  a  given  expenditure  of  coal,  applied 
to  this  mechanical  ventilation  by  means  of  a  fan.  or 
by  means  of  a  heated  column? — I  have  not  gone  into 
the  question  recently.  I  think  that  you  would  proba- 
bly save  one-half  to  three-fourths  of  the  coals  by  a 
fan  in  many  of  the  very  shallow  shafts,  and  would 
get  the  Bune  amount  of  ventilation. 

901.  By  increasing  the  depth  tlie  furnace  would 
gradually  increase  upon  the  fan  ? — ^Yes. 

902.  At  about  what  depth  do  you  think  that  a 
fiimace  would  be  as  effective  as  a  fan  ? — I  think  at 
about  400  to  500  fathoms,  taking  the  average  of  the 
shafts  as  to  wetness  or  dryness,  and  as  to  their 
cooling  powers.  As  regards  the  eflBciency  of  a  furnace 
a  good  deal  depends  upon  whether  the  shaft  is  diy  or 
wet,  and  upon  the  cooling  powers  of  the  materials 
composing  the  shaft  sides. 

903.  At  3,000  feet  the  furnace  and  the  fan  would 
be  about  equal  ?— Yes,  as  regards  the  quantity  of  coal 
consumed  to  produce  any  given  amount  of  ventilation 
in  the  same  unaltered  mine. 

904.  Then,  bearing  that  in  miud,  your  answer 
would  hold  good  for  a  depth  of  3,000  feet  ? — Nearly 
so,  but  not  under  all  variable  couilitions  of  shafls. 

905.  If  you  go  for  a  depth  of  3,000  feet,  whether 
yon  nse  a  fan  or  a  furnace  will  make  no  difference, 
because  at  that  depth  they  will  be  very  nearly  upon 
an  equality,  and  therefore  the  increase  of  power  would 
hold  good  at  a  greater  depth  as  much  as  at  a  smaller 
depth  ? — ^A  furnace  and  a  fan  with  an  upcast  shaft  of 
such  a  depth  would  be  about  a  match  for  each  other, 
80  far  as  regards  the  quantity  of  coal  required  to 
produce  any  given  amount  of  ventilation  in  the  same 
mine. 

906.  So  that  to  circulate  double  the  quantity  of 
air  which  you  have  at  Seaham  at  a  depth  of  3,000 
feet,  instead  of  what  it  is  at  Seaham,  would  absolutely 
involve  an  expenditui'e  of  upwards  of  1,600  horse 
power  ? — Yes, 

907.  {Mr.  Vivian.)  As  I  understand  your  former 
evidence,  it  appears  that  an  economy  results  from  the 
use  of  a  fbmace  in  a  deep  pit,  as  the  one  at 
Seaham,  where  the  depth  is  254  fathoms  ? —  The 
deeper  the  upcast  shaft  the  sm^ler  the  consumption 
of  coal  by  furnace  action  to  produce  any  given  amount 
of  ventilation. 

908.  Consequently  if  210  horse  power  is  produced 
by  a  certain  amount  of  coal  used  in  a  furnace  at  200 
fathoms,  somethlug  less  than  eight  times  that  amount 
would  be  required  to  produce  double  the  quantity  of 
ventilation  in  a  pit  of  double  that  depth  ? — Not  less 
than  eight  times  the  power,  but  less  coal  per  horse 
power,  and  hence  less  dum  eight  times  the  consump 
tioo  of  coaL 

909.  (Mr.  Forster.)  At  600  &thoms  the  furnace 
would  have  the  ad^tage  ?— Yes  j  in  the  ordinary 
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A  50  state  of  upcast  Bhalts  there  need  not  be  any  doubt 
J.  J.  Atkitumit  about  it. 

S»q.  910.  {Mr,  Vivian.)  The  deeper  you  get  the  more- 

— ^ —        effective  the  furnace  becomes?— Certainly ;  producing 
14  April  18i9.  j^jj  increased  power  for  equal  quantities  of  coal  con- 
"~~~~~~*      sumed  in  a  given  time  in  the  same  conditions. 

911.  {Mr.  Dickinson.)  In  this  diagram  which  yoii 
liave  put  in,  showing  the  increase  of  the  an-  tempe- 
rature at  different  mines,  all  these  collieries  where 
you  find  an  average  increase  of  1°  for  feet  are  in 
the  county  of  Durham  ? — Yes. 

912.  And  they  are  all  worked  upon  the  pillai--and- 
board  system,  ore  they  not  ? — There  is  long-vaLl  work 
in  Murton  Colliery  cases. 


913.  In  vhich  pit  at  Murton?— In  the  Hallfield 
way  of  the  Middle  pit^  and  also  in  the  East  pit ;  but 
the  cases  given  are  in  pillar-and-staU  work. 

914.  There  are  Murton  Middle  pit  and  Murton 
East  pit  ? — I  do  not  know  whether  they  have  auy 
long-wail  work  at  Monkwearmouth  or  not.  It  is  out 
of  my  district,  and  therefore  I  do  not  know.  I  think 
that  they  have }  at  any  rate  they  had  some  at  one 
time.  But  the  remits  given  are  for  a  pilUir-and-Btall 
district. 

916.  A  great  portion  of  the  work  is  pillai-  and 
board  ? — Yes ;  chiefly  so  in  the  pits  on  the  diagram. 

916.  The  table  also  shows  a  number  of  mines  in 
Belgium  ?— Yes,  the  table  previously  put  in. 


The  original  Dravmg  is  on  a  Scale  of  200  feet  to  I  inch,  and  of  5  degrees  Fahrt  to  1  inoh. 

Table  No.  1. 

Temperatures  of  Air-Currents  in  several  Belgian  Mines. 


No. 


Dates  of 
Oltserrations. 


Feh.  1842  - 
Oct.  1837  - 
3rd  Aug.  1848 

Do. 
9th  Oct  1849 


Names  of  Mioes. 

Names  of 
Obserrers. 

Greatest  Depths  to 
which  the  Air  de- 
scends in  the  Mines. 

Exterior  Temperature 
of  the  Atmosphere. 

DifitaDces 
traversed  by 
the  Air  in  the 
Mines  op  to 
the  Points  of 
Obserratioa. 

Volame 
of  Air 

per 
Minute. 

Temperatares  of  the 
Air  at  the  Points  of 
Observatioo. 

Feet  of  Depth  for  each 
Increase   of  1°  of 
Temperature. 

Qrand  Bouiwon  - 

Glepia  - 

feet. 
873 

Fahr. 

deg. 

35-6 

Yards. 

875 

cubic 
feet. 
10^04 

Fahr. 

deg. 

59-9 

feet. 
82*12 

Mine  de  TEspe- 

rance. 
Charbonnage  da 

OotiAe. 
Do. 

Combes 
Jochams 
Do. 

1,457 
1.099 
1,368 

51-8 
64*4 

68  0 

372  to  383 
1,148  to  1,203 

10,348 
11,129 

69-8 
59-0 
64-4 

70-56 
115-44 
90-83 

Do. 

Do 

1,099 

660 

372  to  383 

16,947 

60-8 

96-20 

Charbonnag«8  r^ 
onisdeCbarleroy. 

Do. 

1,362 

53-6 

23,689 

56-75 

192-89 

1,809^ 

701 

14,483 

108*00 

Bemarks. 


50^  is  taken  as  the 
mean  annual  tempe- 
rature in  Belgium, 
and  to  prevail  at  a 
depth  of  60  ft.  below 
the  surface. 

The  distances  travelled 
by  the  sir  to  the 
prants  of  obMrration 
are  too  short  for  the 
air  to  hsTe  acquired 
the  temperature  of 
the  mineral. 


917.  Are  not  all  the  Belgian  mines  worked  on 
the  long-watl  system  ? — I  think  almost  entirely  so. 

918.  Does  not  your  table  show  that  in  these 
Belgian  mines,  which  are  worked  on  the  long-wall 
system,  the  increase  of  temperature  is  very  much  less 
than  what  it  is  in  the  county  of  Durhun  ? — ^It  does 
show  that. 

919.  Considerably  so  ? — Yes,  considerably  so. 

920.  At  Charleroy  is  it  a  deep  mine  ? — It  is  about 
227  fhthoms  or  464  yards  in  depth.  When  yon  and 
I  were  at  Gilly  Colliery  they  were  not  working  any 
coal  at  the  great  depth,  but  were  merely  sinking. 

921.  They  were  sinking  below  the  800  level  In 


the  temperatures  which  yon  have  given,  you  state 
that  by  day  the  temperature  was  41  ? — Yes;  on  the 
surface  at  Seaham  Colliery  in  the  county  of  Durham. 

922.  And  that  by  night  it  was  39"  ?— Yes  j  at  the 
some  colliery. 

923.  At  the  Ijottom  of  the  shaft  the  day  tempe- 
rature had  increased  to  44°,  but  the  night  temperature 
had  increased  from  89°  to  50°  ? — At  what  place  is 
that? 

924.  At  Seaham.  Can  you  state  why  there  should 
be  a  veiy  great  increase  between  the  top  and  the 
bottom  of  the  shaft  with  a  smaller  quantity  of  ur  ? — 
I  cannot.   The  increase  of  temperature  from  mere 
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compresBion  ought  to  be  6° '34  if  there  were  no 
increase  or  loss  of  temperature  from  other  causes. 

925.  The  proportion  of  air  you  state  is  about  oue- 
fourth  less  by  night  than  by  dayP — Yes.  I  sliould 
not  have  expected  the  considerable  difference  of  tem- 
perature between  the  two  cases  ;  bat  one  does  meet 
with  anomalies  now  and  then.  I  did  not  make  the 
observ^iona  myself.  The  colliery  agents  and  pupils 
of  the  TifiwerSj  I  believe,  took  them,  guided  by  a 
written  code  of  instmctionfi  furnished  by  me. 

926.  Do  yon  think  that  the  system  of  loiig-wdl 
work  would  tend  to  keep  down  tho  temperature  in 
deep  mines  ? — I  think  so,  slightly. 

927.  Is  there  anything  in  the  character  of  the 
Belgian  coal  as  contrasted  with  Seaham,  and  in  the 
state  of  the  two  districts,  which  would  lead  you  to 
account  for  the  difference  ? — No,  I  am  not  aware  of 
any  peculiarity  which  would  account  for  the  difference. 

928.  In  this  table  which  we  have  been  discussing, 
where  the  obserrations  hare  been  made  by  your  own 
peo[de,  the  results  are  remarkably  harmonious ;  but  in 
those  cases  where  they  have  not  been  made  by  your 
own  people  they  are  widely  difieraat  ? — Yes  ;  Ihey 
differ  fi'om  onr  home  observations  to  a  great  extent, 
and  they  do  not  very  cl(»oly  agree  with  each  other. 

929.  Do  you  know  anything  about  the  circum- 
stances under  which  these  foreign  observations  have 
been  taken  ?— -No  ;  nothing  very  special.  The  quan- 
tities of  air  circulating  in  the  Belgian  mines  are 
generally  very  much  less  than  they  are  in  our  home 
mines. 

930.  You  are  not  responsible  for  these  results 
being  at  all  comparable  with  what  you  have  got  your- 
self ?— I  am  not.  I  gathered  the  information  irom 
books  as  to  the  Belgian  mines. 

931.  But  you  have  no  personal  knowledge  ? — ^No; 
I  have  none  worth  naming. 

932.  But  in  these  cases  of  which  you  speak  you 
liave  personal  knowledge  ? — Yes  ;  in  the  Newcastle 
coalfield. 

933.  Do  you  think  that  these  extreme  deviations 
from  the  results  to  which  we  have  come  can  be 
accounted  for  by  the  difference  between  long-wall  and 
pillar-and-stall  work  ?  —  Partially  so,  periiaps,  but 
only  slightly,  I  think. 

934.  The  differences  are  prodigious  ? — ^Yea.  The 
loDg-wall  system,  I  think,  will  produce  a  slight  dif- 
ference as  compared  with  the  pillar-and-stall  system, 
but  I  should  suppose  only  to  the  extent  of  2°  or  3°. 
I  may  mention  that  one  of  the  books  from  which  I 
have  taken  most  of  the  foreign  observations  is  a 
memoir  by  M.  Devillez  upon  the  means  of  working 
coal  at  a  depth  of  at  least  1,000  metres  or  546'8 
fathoms.  He  makes  it  out  to  be  possible  to  work  coa. 
at  that  depth.  M.  DeviUez,  who  was  professor  of 
mechanics  at  the  Hainault  School  of  Mines  in  Bel- 
gium, wrote  the  memoir  in  consequence  of  a  question 
proposed  by  the  Belgian  Academy  of  Sciences  in 
18^,  to  indicate  a  complete  system  of  ratitmal  and 
practical  means  of  carrying  the  working  of  collieries 
to  a  depth  of  at  least  1,000  metres  without  sensibly 
aggravating  the  economic  conditions  under  which  the 
collieries  in  Belgium  were  then  worked.  To  the 
solution  of  the  question  the  Minister  of  Public 
Works  attached  a  prize  of  2,000  francs.  The  prize 
was,  however,  not  awarded  to  any  of  the  four  ctnu- 
petitors. 

935.  {Chairman.)  What  do  you  consider  would 
bo  the  effect  of  an  increased  circulation  of  air  when 
the  normal  temperature  of  the  mine  was  98° ; 
wonld  it  produce  a  cooling  eflEbct  or  the  reverse  ? — At 
98^  I  think  that  it  would  neither  oool  nor  heat,  but 
above  98*  the  stronger  the  current  the  more  in- 
tolerable it  would  be,  that  being  blood  heat. 

936.  Then  you  do  not  think  that  much  is  to  be 
accomplished  by  increasing  the  quantity  of  air  when 
the  temperature  is  above  the  blood  heat  of  the  human 
body  ? — I  think  that  nothing  is  to  be  accomplished 
afler  it  rines  above  that.  A  man  may  live  »  »hort 
time  in  a  temperature  -  above  the  temperature  of 


boiling  water  if  the  air  is  still,  but  he  would  not  live       A  5 1 
very  long  there  if  there  was  a  strong  current.  j,  Atkinatm 

937.  To  come  to  a  general  conclusion,  am  I  right  J^tg. 
iu  stating  that  from  this  group  of  observations  of  — 7- 
collieries  which  have  been  made  by  your  own  people  ^*  ■^P'"^' 
it  results  that  at  a  depth  of  something  under  3,000 

feet  you  would  have  a  iamperatnre  of  98",  and  that  it 
wonld  be  impossible  by  any  process  of  ventilation  to 
reduce  that  temperature  by  increasing  the  quantity  of 
air? — Tou  might  have  the  temperature  at  100^  or 
102**,  and  might  perhaps  reduce  it  to  98°  by  very 
stnmg  ventilation,  but  you  could  scarcely  manage  I 
think  so  much  as  4°  in  the  working  faces  unless  the 
long-wall  system  was  followed,  «aA  in  that  case  only 
little  more. 

938.  Adopting  all  the  expedients  which  would 
be  practicable,  what  should  you  say  might  be  done 

I  should  say  that  you  might  go  to  a  depth  where  a 
temperature  of  102°  prevailed  in  the  strata. 

939.  What  would  be  that  depth?— 2,949  feet. 

940.  In  round  numbers  3,000  feet  ?— Yes,  that  is 
500  fathoms. 

941.  (Mr.  Vivian.)  Have  yon  at  all  tamed  your 
attention  to  the  possibility  of  decreasing  the  tempera- 
ture by  any  arrangement  of  ventilation  or  by  an 
atmospheric  engine  ? — I  have  not ;  I  have  thought  of 
it  just  in  passing,  butlliave  come  to  no  conclusion  upon 
it ;  it  has  only  been  a  cursory  consideration  with  me. 

942.  Have  you  seen  engines  worked  by  pnenmatic 
pressure  ? — Yes. 

943.  And  the  issue  of  condensed  air  produced 
groat  coolness  ? — ^Yes,  but  the  amount  of  cooling  from 
such  an  influence  is,  I  believe,  very  trivial  when  the 
cool  exhausted  air  is  difiused  throughont  the  mine, 
unless  there  was  an  enormous  amount  of  power  em- 
ployed to  condense  and  transmit  the  air. 

944.  In  immediate  contact  witii  the  workmen, 
what  is  the  case  ? — I  think  you  might  as  well  Arow 
cool  water  upon  them. 

945.  Is  not  the  one  plan  practical,  and  the  other 
not  ? — ^I  do  not  see  it.  I  think  that  you  might  use 
water  in  these  deep  dry  mines  with  quite  as  much 
effect  as  you  conld  use  cold  air. 

9'16.  Could  you  carry  down  water  at  a  low  tem- 
perature to  a  face  ? — I  think  that  you  could  carry 
water  at  a  lower  temperature  than  you  could  carry 
air,  as  the  speciHc  heat  of  water  is  more  than  four 
times  that  of  air. 

947.  Could  you  water  the  men  with  it  at  the  face  ? 
— Yes,  but  it  wonld  not  be  at  a  very  low  temperature 
in  the  cases  of  mines  naturally  having  a  temperature 
of  100"  or  upwards. 

948.  Then  it  would  not  be  practicable.  What 
would  be  the  efiect;  would  you  bring  on  crushing  ? — 
Not  with  the  quantity  of  currents.  Very  little 
volume  of  water  would  be  equal  to  a  very  large 
volume  of  air  in  cooling  power  ;  for  equal  volumes  and 
equal  temperatm-es  water  would  be  about  3,360  times 
more  efficient  than  air  in  cooling  effects,  besides  the 
cooling  effect  arising  from  the  evaporation  of  any  part 
of  the  water. 

949.  But  would  it  not  become  heated  several 
degrees  in  passing  through  the  mine  ? — It  might  do 

so. 

950.  So  that  you  must  pass  a  large  quantity  on  to 
a  man  in  order  to  produce  the  effect  ? — I  certainly  do 
not  know  whether  water  or  air  would  be  best,  not 
having  studied  the  point. 

951.  {Mr.  IMckuuon.)  Would  not  the  water  have 
to  be  pumped  up  agiun  ? — No  ;  I  think  that  it  would 
be  carried  off  1^  the  air.  I  think  that  the  air  would 
sponge  up  the  water  by  evaporation  in  such  hot 
mines. 

952.  (Mr.  Vivian.)  Of  course  that  would  be  one 
way  of  doing  it,  namely,  carrying  water  down  the 
pipes  and  carrying  it  at  a  distance  of  4,000  yards  at  a 
low  temperature,  and  douching  a  man  with  it  in  order 
to  enable  him  to  work  ? — Yes  ;  it  should  be  at  a  lower 
temperature  than  the  air. 

953.  (Chairman.)  Would  you  rely  upon  that  as 
an  expedient  foi*  voicing  mines  at  a  great  depth  ?— I 

Digitized  by  GooQle 


132 


ON  vossam  depths  ox*  wobeikg. 


52      thiuk  that  it  would  be  time  to  shut  np  if  that  trpAem 
J.  J.  AtkauoH,  had  to  be  adopted. 

Esq.  954.  (Mr.  Vivian.)  Is  it  not  the  fact  that  the 

issue  of  compresaed  air,  -when  formed  in  a  compressed 
14  April  1869.  jjjp  engine,  does  produce  a  considerable  decreasing 

 temperature  ? — Undoubtedly  so ;  but  then  the  quantity 

of  air  wb  ich  is  passed  through,  say  an  ordinary  engine 
of  a  60  or  100  hoi-se  power  is  nothing,  or  at  least  it  is 
a  mere  bngatello  compared  with  the  total  quantity  of 
air  circulated  in  an  efficiently  ventilated  mine. 

955.  Is  not  the  tendency  of  colliery  en^neering 
now  to  use  more  compressed  air  than  previously  ?— 
Yes  ;  in  the  last  ten  years  I  think  that  it  has  been 
gi'adually  increasing  considei'ably. 

956.  Have  you  heard  that  recent  experiments 
have  been  carried  on  with  great  success  by  using 
compressed  air  iustead  of  powder  in  blasting  coal  ? — 
I  have  not  heard  that,  I  have  seen  two'contrivanecs 
to  do  away  with  blasting,  but  they  are  both  worked 
by  water  pressure. 

957.  I  presume  that  you  would  consider  that  a 
preferable  system,  if  it  could  be  adopted,  to  douching 
a  man  with  water  at  that  distance  ? — Yes,  if  it  could 
be  adopted  at  the  same  cost  and  with  equal  effect. 

958.  Have  you  at  all  turned  your  attention  to  the 
possibili^  of  isolating  the  air  current  from  contact 
-with  the  strata  of  the  mine  ? — I  to-day  heard  the 
question  pnt  to  my  friend  Mr.  Wood,  and  I  then 
tJiought  about  it.  I  think  that  in  a  very  short  time  and 
at  no  great  distance  yon  would  have  about  the  same 
temperature  of  air  in  your  brick  chamber,  or  whatever 
it  may  be,  as  you  have  on  the  wait  sides  at  present. 

959.  If  the  brick  is  so  complete  a  conductor  that 
i  t  transmits  the  same  amount  of  heat  from  the  inside 
to  the  outside,  it  must  do  so  in  all  cases,  as  well  as  in 
one,  must  it  not  ? — ^Naturally  so. 

960.  So  that  upon  the  same  principle  you  ought 
outside  a  puddling  furnace  to  have  the  same  heat  as 
inside  ;  docs  not  that  follow  ? — I  am  afraid  that  it 
does.  Although  I  am  bound  to  admit  this  much,  from 
the  way  in  which  you  put  it,  I  am  not  satisfied  that 
that  would  be  the  fact,  as  applied  to  the  air  ways  of 
mines  ;  nor  do  I  think  that  it  would. 

961.  I  presume  that  a  certain  amount  of  heat  is 
transmitt^,  but  that  it  is  continually  carried  off  in  a 
puddling  fui-nace,  and  if  the  same  means  were  adopted 
in  a  mine,  the  same  result  would  follow,  would  it  not? 
— I  think  Uut  the  heat  would  be  carried  inwards  with 
the  air. 

962.  It  would  be  carried  direct  to  the  upcast  shaft 
in  the  retum  ? — It  would  first  be  carried  to  the  work- 
men if  I  understand  you  aright. 

963.  No,  it  would  be  carried  to  the  retum,  would 
it  not?  I  refer  to  a  current  of  air  carrying  off  the 
heated  air  passing  continuously  to  the  upcast. — Yes, 
I  thought  you  intended  Hie  air  in  the  chamber  to  be 
still. 

964.  Supposing  the  outer  euiTent  to  be  continually 
passing,  it  would  be  continually  carrying  off  the  heat 
of  the  strata  ?-— Yes ;  some  part  of  it  perhaps,  but  it 
would  become  warmer  as  it  wmt  fmliher. 

065.  {Mr.  Dichinton.)  Possibly  something  might 
be  done  by  having  non-conducting  surfaces  made  to 
the  air  ways  ? — I  think  that  air  would  be  as  good  as 
anything  for  that  purpose. 

966.  For  cooling  the  working  surfaces,  would  not 
a  block  of  ice  be  a  very  good  thing  ? — ^Yes,  I  think 
that  ice  would  do  if  it  could  be  maintained. 

967.  (Chairman.)  There  would  be  a  travelling 
lining  of  air  around  the  air  course  which  supplied 
the  mine  with  air.  Of  course  the  air  so  travelling 
along  would  be  continually  eddying  about,  so  that 
particles  of  air  which  acquired  iheir  temperature  by 
contact  with  the  external  surface,  would  in  their  turn 
como  in  contact  with  &e  internal  surface  ? — Un- 
doubtedly so. 

96B.  Would  not  the  effect  of  that  be  that  the  heat 
picked  np  on  the  outer  surface  would,  when  the 
particles  touched  the  inner  sur&ce,  be  to  a  ctmsiderable 
extent  communicated  to  the  interior  ? — Yes  ;  but 
to  what  extent  It  is  difficult  to  say.  If  the  work  of 


which  it  was  composed  was  brick,  or  stone,  or  wiiai 
not,  its  conductibUity  would  be  a  material  point. 

969.  But  you  are  aware  that  air,  or  any  fluid  at 
rest,  may  be  a  very  bad  conductor,  but  in  motion  may 
be  a  very  good  conductor  ? — ^Yes,  by  convection. 

970.  For  instuice,  water  at  rest  is  a  bad  conductor, 
but  in  motion  is  a  very  good  conduotw  <^  beat  ?— 
Yes.  If  the  inner  easing  was  a  good  non-conduct«ff 
it  would  prevent  a  good  deal  of  the  heat  being  con- 
ducted at  the  outset  near  the  shaft  bottrai. 

971.  Bo  you  not  think  that  the  ur  in  the  inner 
casing  being  in  an  oscillating  condition  would  be 
rendered  much  less  of  a  non-conductor  than  if  it  was 
only  a  stratum  of  sta^ant  tar  ? — I  think  that  the 
whole  of  the  air  in  the  jacketted  portion  would  be  of 
one  temperature  at  a  short  distance  on  its  travels. 

972.  Would  not  the  particles  be  operating  as 
carriers  to  convey  the  heat  from  the  external  shell 
which  was  in  contact  with  the  mine,  to  the  internal 
shell  which  was  the  tube  of  the  air  passage  ? — Un- 
doubtedly ;  but  it  would  be  partially  prevented  by  the 
lining  between  the  two  columns.  I  think  that  it  would 
have  some  effect  in  lessening  the  temperature  of  the 
ventilating  air,  unless  the  distance  was  great.  It  is 
rather  difficult  to  state  off-hand  how  much  it  wonld 
be,  but  I  do  not  think  that  it  would  be  very  large. 

973.  (Mr.  Vivian.)  You  have  no  doubt  frequently 
placed  your  hand  upon  the  cylinders  of  engines  when 
at  work  ? — ^Yes. 

974.  You  have  also  no  doubt  felt  the  temperature 
of  l^e  en^ne  i^linders  vhich  were  jadcetted  ?— 
Yes. 

975.  Is  much  heat  in  the  case  of  cylinders  which 
are  jacketted  conveyed  outside  ? — ^Not  much. 

976.  In  the  one  case  is  it  possible  to  bear  your 
hand  upon  a  non-jacketted  cylinder  ? — ^You  can  touch 
it  for  a  short  time  generally  speaking ;  it  would 
materially  depend  upon  the  pi'essoro  of  the  steam 
which  was  used. 

977.  In  a  cylinder  whith  was  jacketted  the  heat 
is  scarcely  perceptible,  is  it  ?— -It  is  sen^biy  oi- 
minished. 

978.  (Ckmrman.)  Supposing  that  coal  was  a 
thorougUy  bad  conductor  of  heat,  it  Is  quite  clear 
that  no  wnount  of  jacketting  would  have  any  influence 
upon  it  at  all,  because  the  jacketting  would  be  only 
substituting  another  bad  conducting  surface  for  the 
bad  conducting  surface  which  already  existed  ? — That 
is  so  ;  but  I  may  remark  that  the  roof  and  the  floor  of 
the  mine  are  generally  not  coal,  'and  mostly  a  good 
part  of  the  sides  of  the  mine  are  composed  of  stone  ; 
but  if  you  are  dealing  with  a  surface  which  is  already 
a  bad  conductor  in  itself,  you  will  gain  nothing  by 
jacketting  it  with  another  bad  conductor  after  it  has 
had  time  to  acquire  the  same  temperature,  and  there- 
fore the  case  is  widely  different  from  that  of  a  steam 
engine  cylinder  in  whidi  you  might  have  a  metallic 
tube,  upon  which  you  would  bum  your  hand.  But 
if  it  was  mode  of  fire-brick  you  might  put  your  hand 
upon  it  with  imponi^. 

979.  (Mr.  DidiinaoH,)  Have  you  had  any  means 
of  observing  the  temperature  of  undei^ound  engine 
houses  where  the  cylinder  and  the  steam  pipes  were 
not  jacketted,  and  afterwards  of  observing  the 
decrease  of  temperature  in  the  same  engine  houses 
where  they  were  jacketted  ? — I  have  never  taken  the 
temperatures  in  such  matters,  but  I  have  noticed  the 
very  great  difference  which  there  is  in  a  jacketted 
cylinder  and  in  an  unjockettod  one  above  ground. 

980.  In  the  temperature  of  the  engine  house  ?— 
Yes. 

981.  I  have  recently  had  some  means  of  observing 
the  temperature  below  ground  where  the  cylinders 
and  the  engine  pipes  have  been  jacketted,  and  the 
decrease  is  very  remarkable. — ^No  doubt  it  is. 

982.  (Chaimum.)  Mr.  Yiviaa  has  sug^iested  that 
it  ma^  be  possible  to  keep  down  the  temperature  of 
the  air  in  the  mine  by  the  cooltng'effect  produced  by 
the  expansion  of  air  at  that  point  I  want  to  arrive 
at  the  quantity  of  the  cooling  effect  produced  by  any 
amount  of  air  so  carried  in.  The  effect  of  condensing 
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the  air,  which  mast  be  a  preliminary  step  in  order  to 
get  the  aubaequent  expansion,  is  to  heat  the  pump  ? — 
Yes,  and  to  beat  the  condensed  air. 

983.  Supposing  that  the  pump,  and  pipes,  and  all 
the  air  places  perfectly  retained  the  heat,  the  only 
effect  of  the  subsequent  expansion  would  be  to  restore 
Uie  first  temperature  ? — ^Yea. 

984.  Hie  only  reason  why  it  produces  the  effect 
of  cooling  is  that  before  arriving  at  the  expansion 
point  a  certain  effect  has  been  produced,  and  therefore 
you  produce  a  eooliiig  effect  ? — Tcs,  it  has  cooled. 

985.  Therefi}re  t&  whole  cooling  effect  by  an 
operation  of  this  kind  would  be  the  loss  of  heat  du6 
to  the  compression  by  the  pipes  and  the  compressing 
cylinder  ? — Yes. 

986.  And  that,  considering  the  [limited  surface 
would  not  be  very  much  ? — ^Not  unless  enormous 
power  was  employed. 

987.  We  have  had  it  stated  that  5,000  cubic  feet 
a  minute  is  not  an  extraordinary  amount  of  air  to  pass 
a  working  face  ?— It  is  nothing  extraordinary  in  one 
district  of  a  mine. 

988.  Do  yon  suppose  that  the  quantity  of  power 
wMch  would  be  represented  by  hewing  machines,  or 
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any  mechanical  operations  carried  on  at  these  points,  ^  ^8 
would  produce  such  a  volume  of  compresse  air  ads  ^^f*""' 
that  the  cold  air  evolved  from  those  machines  at  a 
lower  temperature  would  be  sufficient  to  dilute  5,000 
feet  per  minute,  so  as  to  produce  any  appreciable  effect 
upon  the  temperature? — I  should  not  expect  more 
than  two  or  three  degrees  in  the  air  of  a  large  pit } 
I  ^ink  that  it  would  be  very  small  indeed  unless  the 
power  employed  was  something  prodigious. 

989.  {Mr.  Vinian,)  But  that  ^000  feet  is^  not 
actually  conducted  to  the  colliers,  is  it  ?— No;  in  some 
cases  half  of  it  goes  to  them,  and  in  some  cases  the 
whole  of  it  goes  ;  but  generally  speaking  it  is  not  so. 

990.  Have  you  stood  by  these  compressed  air 
engines  ? — Yes. 

991.  Have]  you  not  been  sensible  of  a  very  con- 
siderable diminution  of  temperature? — I  have  not. 
They  have  had  ice  just  at  the  nozzle  of  tho  delivery  ; 
bull  have  never  found  the  general  temperature  of  the 
mine  affected.  Of  course  one  docs  not  notice  any  - 
thing  like  a  degree.  I  tliink  that  I  am  as  sensitive 
to  heat  as  most  people,  but  I  cannot  say  that  I  havo 
noticed  it. 


The  witness  withdrew. 


A^ourned  to  Wednesday,  the  12th  of  May,  at  12  o'clock. 


A.— 12iA  Meeting,  May  12,  1869. 

Present  :  1.  Sib  W.  Abmstromo  (in  the  Chair) ; 
2.  Mr.  Woodhouse  ;  3.  Mr.  Dickinson  ;  4.  Mr.  Qeddes  ;  6,  Mr.  I'orster  ;  6.  Ma.  Vivian  ; 

7.  Mr.  Hunt. 

1.  The  Secretary  produced  the  file,  and  reports  that  the  evidence  of  Mr.  Lindsay  Wood  and 
Mr.  Atkinson,  No.  1894,  1895,  taken  on  the  14th  of  April,  was  sent  in  MS.  to  those  gentlemen  on 
the  17th.  On  the  30th  April,  Mr.  Atkinson's  revised  manuscript  was  sent  to  press,  and  on  the 
10th  May  Mr.  Wood's  manuscript.    Proofs  have  not  yet  been  returned. 

2.  The  evidence  of  Mr  Wilmer,  taken  on  the  24th  February,  revised  and  made  up  in  double 
columns,  was  produced,  together  with  all  previous  evidence,  Mr.  Brown's  excepted;  and  minutes 
ready  for  final  approval,  P.  36  A.  The  evidence  of  Mr.  George  £lliot  has  been  sent  to  press,  with 
certain  diagrams,  and  will  be  made  up  in  like  manner  when  pro(^  have  been  sent  and  revised. 

3.  The  minutes  of  last  meeting  were  read  and  signed  by  the  Chairman.    No.  1905. 

4.  The  next  meeting  is  to  be  on  Tuesday,  June  15,  at  the  same  time  and  place,  when  Mr.  Wood 
will  again  attend. 

5.  A  letter  and  tables  were  read,  and  the  Secretary  was  directed  to  write  and  request  the 
writer  to  attend  at  the  next  meeting  to  expltiin  his  figures,  which  the  Committee  consider  of  great 
value. 

6.  The  Committee  then  proceeded  to  examine  Mr.  Lindsay  Wood  on  certain  tabular  statements 
which  will  appear  in  the  printed  evidence  when  finally  settled.  It  was  thought  best  to  exdude 
most  of  this  preliminary  conversation  from  the  evidence  of  Mr.  Wood. 


John  J.  Atkinson,  Esq.,  fiirther  examined. 


992.  (Chairman.)  You  gave  us  a  good  deal  of  in- 
formation at  our  last  meeting,  and  your  tables  were 
sent  back  to  yon  for  certain  purposes  ? — Yes.  I  have 
added  a  few  more  cases  in  the  county  of  Durham  to 
that  table,  and  one  caae  in  Nottinghamshire.  There 
is  a  table  and  a  diagram,  each  numbered  2. 

998.  Ton  hare  tabulated  the  observations  in  the 
same  form  as  Mr.  Wood's  ?  —  As  nearly  as  they 
admitted ;  tlra  observations  were  not  taken  in  pre- 
cisely the  same  ffxm  as  thoee  given  1^  Mr.  Wood. 

994.  There  is  a  very  great  similarity  in  the  large 
majority  of  these  observations? — There  is  so.  The 
red  line  on  the  diagram  drawn  through  the  midst  of 
B  lot  of  these  lines  represents  the  average  of  that  lot 
in  twelve  sets  of  observations  in  deep  mines  ;  that  is 
the  average  rate  of  increase  of  temperature  with 
depth. 

995.  The  rate  of  increase  is  one  degree  for  every 
54-22  feet?— Yes  ;  54*22  feet  of  depth  per  degree  of 
temperature  below  60  feet,  taken  as  48.° 


996.  This  bore-hole  which  you  previously  men- 
tioned gives  a  higher  temperature? — Yes  ;  it  is  repre- 
sented by  the  blue  line  in  the  diagram.  Since  the 
last  meeting  I  have  had  that  borc-hole  tested  again, 
after  boring  operations  had  been  suspended  about  a 
week,  and  I  find  that  it  is  96  degrees  at  the  bottom, 
at  the  depth  of  823  fathoms  from  the  surface,  the 
same  as  before. 

997.  There  are  four  cases  of  collieries  which  give 
higher  results,  and  there  is  one  case  which  gives  a 
lower  result  than  the  avenge  ? — In  five  of  the  cases 
in  the  table  the  number  of  feet  for  each  degree  of 
increase  of  t^perature  is  greater  than  the  general 
average  of  54  *  22  feet  per  degree ;  and  in  the  remain- 
ing seven  cases  contained  in  the  table  it  is  less  than 
the  general  average,  the  two  shallow  pits  and  the  bore- 
hole being  altogether  excluded. 

998.  As  respects  the  distance  fi*om  the  shaft  in  each 
case,  how  are  we  to  get  that  ? — I  have  that  informa* 
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DI4GBAH  No.], 

A  54 

J.J.  AtkauoM  Showing  the  Temperataws  prevailing  in  the  Return  Air  of  several  deep  Coal  Mines,  mostly  situated  in  the 
Ewq.  County  of  Durham,  and  observed  in  April  and  Hay  1 869. 

la  Uay  1869. 
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TABts  showing  Farticolars  of  the  Mines  in  ttie  Diagram  No.  1 . 


No. 
on 

fcnm. 

Nune  of 
tbeOolUer;. 

Nuioof 
tlwPit. 

Nuueof 
the  Soam  of 
Coal 

At  work 

or 

off  work. 

J^tn 
of  Point  (rf 
Obeervation 
below  Top 
of Shaft. 

Tempora- 
ture  in 
Betum 
half-way 
between 

Iwit 
Workfnit 
Place  ana 
Up^sat' 
Shaft.' 

Poet  per 
]>p)ree  of 
remperaturc, 
being 
used  as 
a  Staudard  at 
MFeet 
below  T(9 
Shaft. 

Hcigbt  of 

Top 
of  Shaft 
above  the 
Sea  Levd. 

Diitanco 
travelled  Iqr 

the 
Air  ill  tiie 
Mbio 

up  to  PMOt 

ofObaer- 
ntion. 

County 
in  which 
the  Pits  are 
situated. 

Peet 

TardB. 

1 

Shildon  Lodge - 

Brockwell  - 

At  wnk  • 

708 

est 

41-48 

469 

1^0 

Darimn. 

1 

HaaweU 

South  Pit  ■ 

Hatton 

At  work  - 

1,170 

71 

48-27 

4» 

^980 

Do. 

8 

Adekide 

Brockwell  • 

At  work  - 

1.0M 

«S 

48-70 

4HI 

3^ 

Do. 

4- 

Xnrton 

UlddlePIt  - 

HnUoD 

Off  work  - 

1^ 

75 

40-07 

828 

7,166 

Do. 

5 

Bmbaai 

Hutton 

Off  work  - 

1^ 

76t 

a-is 

804 

8,914 

Do. 

6 

SeahKin 

Hntton 

At  work  - 

l^tl 

76 

88-18 

804 

8,814 

Do. 

7 

Eyhc^ 

UaiDdJiii  • 

1,A58 

78 

83'M 

ISS 

S,l!9 

Do. 

8 

Ntotton 
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es 

8B-M 
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Do. 

« 

Murton 

EHtPit 
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1^ 

791 

88*88 

388 

3,388 

Do, 

10 

BhifeoAka 

^            *  ■ 

1,690 

781 

80-00 

8,780 

Notts. 

11 

Murton 

PilllnFlt  - 

Main  Odd  • 

Atvori:  - 

1,1£2 

62 

78-00 

328 

8^ 

Doifiain. 

U 
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WeumonUi  - 

HmcUhi  - 

78 

84-80 

101 

8^ 

Do. 

ATeragM  - 

1.S1SI 

n*« 

84-81 
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tion  in  some  of  tlie  cases,  bnt  scarcely  yet  in  a  fbnn 
fit  to  give  in  as  a  paper. 

999.  Tlie  tlistanceti  are  not  in  your  table,  are  they  ? 
—They  are  not  in  the  table  relating  to  the  diagram. 

1000.  Could  not  they  be  added  ? — Yes  ;  they  could 
be  added  in  a  column.  If  I  had  had  time  1  could 
have  filled  in  a  few  of  the  sea  levels  too. 

1001.  Will  you  let  us  know  at  what  sort  of  distances 
from  the  shaft  these  observations  are ;  at  what  dis- 
tance from  the  shaft  is  Na  2,  namely,  HaswcU  Col- 
liery ?— That  column  is  not,  I  find,  lUled  in.  In  the 
way  in  which  I  have  taken  the  obserraticns,  the  air 
had  first  gone  into,  and  had  then  passed  tiTOngh,  the 
workingc^  and  was  about  half  way  outwards  again 
towards  the  upcast  sfa^  where  the  temperatures 
were  observed. 

1002.  The  point  is  how  far  it  has  travelled  ? — There 
is  a  heading  for  it  in  this  table,  but  it  is  not  filled  io, 
and  I  do  not  know  the  distances  otFhand. 

1003.  The  distances  are  very  considerable  ? — ^Yes; 
in  general  they  are  very  long  distances. 

1004.  One  and  two  miles  ? — Yea ;  and  in  some  in- 
stances more.  Upwards  of  two  miles  on  the  average, 
and  in  two  cases  abont  four  miles. 

1005.  Then  you  would  consider  in  this  case  that  the 
air,  having  travelled  so  far,  it  would  be  up  to  the 
normal  heat  of  tiie  mine  7 — That  was  my  view,  tmd  I 
had  the  observations  taken  in  that  method  because  I 
thou^t  so. 

1006.  {Mr.  Vitnan.)  Unaffected  by  ventilatlan  ?— 
Yes  ;  or  if  afl^^d      all  then  only  to  a  very  trivial 

extent. 

1007.  (Mr.  Hunt.)  But  the  heat  which  that  air  has 
is  considerably  derived  from  the  working,  is  not  it ; 
it  will  not  be  the  temperature  of  the  strata  ? — It  is 
within  a  very  small  shade  of  it,  as  Mr.  Wood's  experi- 
ments will  show  ;  it  is  very  slightly  different  indeed. 
It  is  the  temperature  of  the  atmosphere  to  which  the 
workmen  would  have  to  be  exposed  rather  than  the 
temperature  of  the  coal  and  sti-ata  by  its  rade,  that 
is  given  in  my  observations. 

.  1008.  I  -  wish  to  determine,  if  we  can,  the  actual 
temperature,  independently  of  those  local  causes  ? — 
have  not  locked  into  that  as  to  the  temperature  of  the 
strata,  but  have  ^ven  two  cases  where  the  pits  were 
not  being  worked  as  to  the  temperature  of  the  air 
currents. 

1009.  With  regard  to  the  temperature  in  the  bore- 
hole, of  course  your  temperatures  were  not  taken  at 
periods  widely  different  from  each  other,  and  wiU  not 
your  temperature  in  the  bore-hole  be  the  same 
whether  you  take  it  at  100  or  200  feet  ? — We  took  it 
at  the  whole  depth,  at  two-thirds  of  the  depth,  and  at 
one-third  of  the  depth  of  the  bore-hole. 

1010.  At  the  same  time? — ^Yes  ;  each  place  was 
observed  on  one  occasion,  and  checked  on  other  occa- 
sions. There  was  an  increase  which  became  more  rapid 
with  depth,  in  this  particular  case  of  shaft  and  bore- 
hole, but  the  top  of  the  bore-hole  is  1,080  &et  below 
the  top  of  tbe  shaft,  the  hole  being  bored  from  the 
bottom  of  the  shaft,  which  is  180  fathoms,  or  1,080 
feet  in  depth.  At  a  depth  of  48  fatlioms,  or  288  feet 
below  the  top  of  the  bore-hole,  the  temperature  was 
found  to  be  72**,  so  that,  allowing  a  constant  tempera- 
ture of  48°  to  prevail  at  60  feet  below  the  top  of  the 
shaft,  the  increase  over  the  sh^t  and  the  upper  part 
of  the  bore-hole  averages  one  degree  for  each  descent 
of  54-5  feet,  being  very  close  upon  the  general 
average  of  the  other  cases  given  la  the  table,  viz., 
54*22  feet.  At  a  depth  of  97  fathoms,  or  582  feet 
below  the  top  of  the  bore-hole,  being  1,662  feet  below 
the  top  of  the  shaft  (w  294  feet  below  the  last  men- 
tioned point  of  observation),  the  temperature  was 
found  to  be  82^,  and  bence  the  rate  of  increase  in  this 
part  of  die  bore-hole  was  one  degree  of  temperature 
for  29  •  4  feet  of  depth.  At  the  bottom  of  the  bore- 
hole, 143  fathoms  or  858  feet  below  the  bottom  of  the 
shaft,  or  1,938  feet  below  the  surface,  the  temperature 
was  96**,  the  increase  of  temperature  over  this  lowest 
portion  of  the  bore-hole  being  as  rapid  as  one  degree 
for  only  19*7  feet  of  depth.   These  observations  have 


been  verified  by  being  observed  at  two  or  three       A  55 
different  times,  the  difference  at  the  same  poiut  in  no  J.  J.  Atkinton, 
case  being  more  than  one  degree  of  temperature  on  •£'9* 
the  different  occasions.     The  observations  adopted 
wore  those  taken  about  a  week  after  boring  operations  '^V 
had  been  discontinued.    In  both  sets  of  obs^ations  '-— — " 
the  hole  was  full  of  water. 

1011.  (Chairman,)  What  is  the  i-ate  of  increase  in 
the  case  of  that  bore-hole  ? — It  is  about  39  feet  to  a 
degree  of  temperature  in  the  shaft  and  bore-hole  taken 
altogether. 

1012.  (Mr.  Sunt.)  To  what  depth  is  it  restricted  ? 
— 323  &thomB,  or  1,938  feet,  including  the  shaft 

1013.  And  you  have  not  been  able  to  determine  any 
lower  rate  of  increase  as  you  get  in  depth  than  near 
the  surface  ;  you  find  the  increase  in  the  same  ratio  ? 
— In  this  case  it  is  the  contrary.  It  vaiies  at  dif- 
ferent collieries,  and  is  sometimes  in  one  direction  and 
sometimes  in  the  other. 

1014.  Will  any  difierence  which  you  have  detected 
be  in  an  increasing  or  in  a  diminishing  ratio  F-^In 
some  eases  I  find  that  it  goes  one  way,  and  in  other 
cases  the  opposite  way.  I  have  not  been  able  to  amo 
to  any  general  conclusion  upon  that  point. 

101 5.  Have  you  in  those  observations  had  an  oppor- 
tunity of  determining,  and  have  you  determined,  the 
differ^ce  of  temperature  of  the  rocks  through  which 
the  bore-hole  is  passed,  or  throu^  which  the  ahaift 
has  been  sunk  ?— No ;  I  have  not  made  experiments  of 
that  kind. 

1016.  (Chairman.)  We  should  like  to  know  what 
are  your  impressions  as  to  the  practicability  of  reduc- 
ing the  normal  temperature  of .  the  air  in  a  deep  mine 
by  increasing  the  quantity  of  air  in  circulation? — I 
think  that  the  effect  would  be  very  trivial  indeed, 
compared  with  the  cost  of  obtaining  the  increased 
quantity  of  air. 

I0L7.  Have  you  had  your  attention  drawn  to  a 
report  of  a  lecture  which  I  sent  you  lately,  hy  Mr. 
Arnold  Lupton  ? — Yes. 

1018.  I  will  read  you  a  passage  from  Mr.  Liqpton's 
evidence  and  I  should  like  to  hear  what  yon  have  to 
say  upon  Uie  subject.  He  says,  "  I  have  made  a  cal- 
"  Nation  as  to  the  possibility  of  reducing  the  t^- 
*'  perature  at  a  depth  of  nearly  10,000  feet.  I  take 
"  some  of  the  facts  on  which  I  base  my  calculation 
"  from  experiments  recorded  by  Monsieur  Peclet. 
"  He  gives  the  amount  of  heat  which  is  given  off  by 
*'  iron  pipes  filled  with  vapour  according  to  the  dif- 
"  ference  of  temperature  between  the  air  and  the 
"  pipe.  Adopting  his  formula,  I  arrive  at  the  fol- 
"  lowing  results  : — Assuming  that  at  a  depth  of  3,260 
«  yards  the  temperature  of  the  strata  is  212  degrees 
"  Fahrenheit,  assuming  also  a  get  of  1,000  tons  of 
"  coal  per  diem,  and  assuming  fdso  that  those  parts 
"  of  the  air  roads  that  have  been  exposed  to  a  snf- 
"  ficienlly  rapid  current  of  air  for  one  year  will  be 

cooled  down  to  nearly  the  temperature  of  the  air, 

and  assuming  that  the  intake  air  will  have  a  tem- 
"  perature  of  59  degrees,  then  the  heat  of  the  mine 
"  would  raise  1,300,000  cubic  feet  of  air  per  minute 
*'  to  a  temperature  of  79  degrees.  Assuming  air 
"  roads  of  fom*  times  tlie  sectional  area  of  the  air 
"  roads  of  a  good  coUiery  now-a-days,  this  amount 
'*  of  wiud  could  be  got  with  a  pressure  on  the  water 

gauge  of  from  6^  inches,  to  12^  inches,  and  a  con- 
"  sumption  of  from  35  to  60  tons  of  fuel  per  diem." 
Do  you  agree  with  Mr.  Lupton's  statement :  first,  as  to 
the  practicability  of  making  air  ways  of  four  times 
the  sectional  area ;  secondly,  as  to  the  probability  that 
the  coal  would  be  cooled  down  in  a  year  to  an 
equality  with  the  temparatore  of  the  air ;  and,  thirdfy^ 
as  to  the  amount  of  power  whit^  would  be  required 
to  put  that  quantity  of  ur  in  circulation  V — To  make 
air  ways  of  four  times  the  sectional  area  in  well 
managed  mines  at  present  would  be  a  very  costly 
thing  indeed  ;  it  would  be  something  like  driving 
railway  tunnels  rather  than  mining.  It  is  not  really 
impossible,  but  I  consider  that  it  is  commercially  out 
of  the  question  at  the  present  day. 
1019.  Could  you  substitute  an  increased  number  of 
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A  56       air  waya  ;  could  you  get  your  section  })j  increasing 
J.  J.  Atkinson,  the  number  of  air  ways  with  the  same  advantage  ? — 
J^'g-        Not  with  exactly  the  same  advantage,  as  the  same 

  quantity  of  air  would  require  that  the  sum  of  the 

12  May  1669.  ^  nurcber  of  small  air  ways  should  be  greater 

tiiaa  that  of  a  single  large  air  way,  other  things  being 
the  same,  because  if  you  take  a  number  of  mull  ah' 
ways  in  Uea  of  a  large  one  of  equal  area  to  the  sum 
o£  their  areas  you  increase  the  surfeco  against  which 
the  ^  has  to  rub,  the  sectional  areas  being  the  same 
in  the  two  cases  ;  and  therefore,  speaking  off  hand, 
you  must  make  the  sum  of  the  areas  of  air  ways  of 
one  fourth  of  the  sectional  area  of  the  proposed 
larger  one  nearly  1^  times  as  great  as  that  of  the 
proposed  enlarged  air  ways,  and  you  would  have  to 
use  about  six  areas  instead  of  the  present  size,  the 
real  proportion  being  v^82,  or  5*657  of  the  quarter 
sized  tie  vr&js. 

1020.  Would  you  consider  it  possible  to  do  that  ? — 
Not  in  old  coIlierieB,  but  if  you  were  sinking  down  in 
a  new  district  yon  might  do  it. 

1021.  In  laying  out  a  new  mine,  you  might  make 
your  ur  courses  as  large  as  Mr.  Lupton  suggests  ? — 
Yes,  of  equal  area,  and  if  this  were .  done  by  increas- 
ing their  number,  at  a  very  considerable  extra  cost, 
and  it  would  absorb  vefy  much  of  the  mine  which 
would  have  to  stand  to  be  worked  out  at  last. 

1022.  Do  you  consider  that  an  increased  depth  would 
make  any  difficulty  in  increasing  your  air  ways  ? — I 
do  not  think  that  there  is  much  iu  that.  Some  searn^ 
lying  at  a  very  great  depth  do  not  crush  so  much  as 
others  at  a  less  depth,  and  upon  the  whole  I  do  not 
think  that  that  is  a  serious  difficulty,  nor  a  unirei-sal 
one. 

1023.  Then  your  opinion  being  that  a  single  air  way 
would  not  do,  and  that  the  number  of  air  ways  must 
be  multiplied,  what  would  be  the  power  necessary  to 
be  put  in  motion  in  order  to  obtain  this  quantity  of 
ur  ? — I  have  made  a  calculation  this  morning. 

1024.  {Mr.  Vivian.)  What  is  the  ordinary  sectional 
aiva  of  the  main  ways  ? — Something  like  10  feet  by 
6,  or  9  feet  by  6. 

1025.  That  is  about  60  feet  ?— Yes. 

1026.  What  would  be  the  most  conveutent  size  for  an 
air  way  four  limes  that  sectional  area? — It  would 
depend  partly  on  the  i"oof  and  floor  of  the  mine,  but 
it  would  probably  be  pretty  much  iu  the  same  pro- 
portions. The  10  feet  width  would  have  to  be  in- 
creased in  the  same  ratio  as  the  height,  and  would 
require  to  be  doubled  if  you  doubled  the  6  feet  in 
height,  and  made  it  12  feet,  as  a  rough  rule ;  but 
still  the  best  proportions  for  height  and  width  would 
depend  upon  the  nature  of  the  floor  and  roof,  ond 
other  conditions,  in  each  particular  mine. 

1027.  But  are  as  increase  very  largely  ? — Yes,  as  the 
squares  of  the  lineal  dimensions,  if  the  forms  of  the 
sections  are  similar  to  each  other, 

1028.  Will  you  mention  wliat  the  size  would  be? — In 
order  to  make  the  area  four  times  the  present  area, 
if  the  same  form  of  section  were  preserved,  it  would 
involve  doubling  the  widths  and  doubling  the  heights 
of  the  present  air  ways. 

1029.  That  would  come  to  20  feet  wide  and  12  feet 
high  ? — Quite  so, 

1030.  {Chairman,)  How  would  you  secure  yourroof 
in  that  ease  ? — ^In  the  intakes  there  would  require 
middle  props,  or  walls  in  maaoniy,  or  arching.  It  is 
generally  allowed  to  &U  in  tiie  waste  and  return  air 
ways,  and  the  stones  we  removed  after  they  fall,  and 
are  either  stowed  or  drawn  out  of  the  mine. 

1031.  (Mr.  Vivian.)  It  would  accommodate  itself, 
would  it  not  ? — Yes ;  but  in  a  width  of  20  feet  it 
would  be  a  very  expensive  thing  ;  the  falls  would  be 
numerous  and  high,  excepting  in  places  where  the 
roof  was  very  good  indeed. 

1032.  Suppose  that  you  had  it  rather  higher,  and  not 
so  wide  ? — ^It  would  be  less  e^qtensive  to  maintain, 
but  if  &e  roof  and  floor  wwe  strong  it  would  be 
more  costly  to  make, 

1033.  That  is  not  a  yery  costly  thing,  is  it  ?— Tea ; 


if  you  had  four  times  the  area  in  one  way  and  a 
tender  roof  it  would  become  very  costly,  the  support 
of  the  roof  would  be  lessened,  and  it  would  fall  mnch 
higher  up,  and  a  great  deal  more  stono  would  have  to 
be  removed. 

1034.  Therefore  it  would  be  ea«er  not  to  increase  the 
width  so  much,  but  to  allow  the  roof  to  fiill  up  to  a 
greater  height^  would  it  not  ?— Yes ;  but  you  most 
blast  it  or,  otherwise  take  it  down,  if  it  does  not 
happen  to  fall. 

1085.  You  think  that  it  would  be  so  enormously 
costly  to  make  an  air  way  twice  as  high  and  twice  as 
wide,  or  ift  that  ratio,  that  it  would  be  impracticable 
in  working  the  mine,  even  though  that  air  way  was 
going  to  stand  for  a  great  number  of  years  ? — It 
could  be  done,  but  it  would  be  a  very  serious  addition 
to  the  cost  of  working. 

1036.  Do  not  you  know  instances  of  main  ways  which 
are  nearly  so  large  as  we  have  been  talking  of  ?— • 
Only  in  rare  instances,  and  over  very  short  distances, 
do  I  know  them  approaching  those  dimensions.  12 
feet  high  is  something  unusual,  and  20  feet  wide  is  also 
something  unusual,  and  it  is  only  for  a  very  short 
distance  that  one  finds  such  dimensions  ;  but  it  may 
be  the  case  where  tbsxe  are  middle  props  in,  and 
where  there  are  what  we  call  stations,  that  yon  may 
find  20  feet  in  width  over  a  short  distuice,  and  where 
the  I'oof  is  tender  you  may  find  places  12  feet  high 
for  short  distances,  but  'with  less  width  than  20  feet, 
unless  it  is  in  a  rare  case. 

1037.  Do  you  consider  that  that  increase  would  be 
sufficient  to  prevent  the  developement  of  a  good  seam 
of  coal  ? — No,  not  altt^ether  ;  but  the  prices  of  coal 
would  have  to  bo  raised,  or  the  coal  owners  would  get 
small  profits. 

1038.  By  simply  driving  intake  air  ways  of  double 
the  proportion  which  they  are  at  present,  do  yon 
think  that  it  would  affect  the  expense  of  workii^  a 
colliery  for  a  number  of  years  ? — Yes  ;  you  are  pror- 
posing  to  make  the  ways  four  times  what  they  are 
at  present. 

1039.  Tnat  is  at  starting  ?•— Yes. 

1 040.  But  not  subseqnentiy  ? — ^I  think  that  it  would 
be  80  subsequently. 

1041.  Take  a  colliery  working  200,000  tons  of  coal 
a  year,  and  having  a  life  of  30  years,  to  what  extent 
would  the  extra  expense  of  driving  the  main  ways  of 
that  colliery  affect  the  price  of  the  coal  per  ton  ; 
tliero  would,  in  that  case,  be  6,000,000  of  tons  of 
coal  ? — It  is  a  fortnightly  thing  with  us.  You  would 
be  extending  your  ways,  and  would  have  both  the 
coDstiiiction  and  the  maintenance  all  the  way  in- 
wards; and  instead  of  having,  pa*hape,  90/.  for  a 
fortnight's  waste  shift  and  shaft  work,  you  might 
have  300/.,  beffldes  extra  timber  and  materisls,  in  such 
a  colliery  as  you  mention. 

1042.  When  these  miun  ways  are  once  driven  in  the 
stone,  they  require  very  little  ^terwards,  do  they  ?— 
It  depends  upon  the  roof. 

1043.  After  that  th^  do  not  require  much,  do  they  ? 
— They  require  a  considerable  number  of  hands. 
There  is,  no  doubt,  a  very  great  difference  between 
different  places.  It  would  be  a  great  drawback,  hut 
I  do  not  say  that  it  would  be  altogether  impracti- 
cable. 

1044.  {Mr.  Dickinson.)  To  get  your  air  way  four 
times  the  size  by  having  four  distinct  airways,  and  the 
air  way  being  eight  feet  by  six,  would  only  double  the 
perimeter  ? — Four  air  ways  would  have  four  times  the 
perimeter  of  one  of  equnl  size,  and  would  require 
only  one  sixteenth  part  of  the  water  gauge  for  a 
given  quantity  of  air  that  would  be  required  by  the 
single  airway  of  equal  size  to  one  of  the  four, 

1045.  {Mr,  Woodliouae)  Having  reference  to  the 
object  of  the  inquiry  by  the  Commission,  will  not  it 
sometimes  be  found  desirable  to  take  out  the  coal  at 
very  great  distances  ?  Have  you  considered  how  that 
is  to  be  done  with  very  long  leads,  and  how  the  work- 
ing is  to  be  ventilated  ? — I  have  thought  of  it.  I  have 
thought  that  two  and  a  half  to  three  miles  is  about 
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the  extent  which  it  is  deurable  to  attempt  under  Uie 
sea. 

1046.  Would  it  be  possible  to  make  long  tunnels,  say 
of  20  feet  in  diameter,  right  under  the  sea.  to  an  extent, 
BAj  of  five  miles,  within  which  space  there  should 
be  DO  working  whatever,  and  which  would  in  fact 
transpose,  as  it  were,  the  position  of  the  shafts  from  the 
shore  to  five  miles  under  water.  In  a  case  of  that  sort 
you  must  deal  with  ex^a  underground  haulage.  Would 
that  state  of  things  be  at  all  practicable,  or  would 
the  power  be  more  than  adequate  to  the  results  ? 
Could  tunnels  of  that  description  be  worked  ^Ton 
would  liave  ten  miles  of  single  air  ways  at  the  bottoms 
cxf  your  shafts;  ten  miles  in  length  would  so  increase 
the  resistance  to  the  quanti^  of  ur  required  for  ven- 
tilation tlint  it  would  take  a  very  large  amoant  of 
power. 

1047.  That  is  just  the  question  which  I  wished  to 
ask  you.  That  question  must  be  dealt  with  by  this 
Commission  in  some  way  or  another  before  we  can 
sum  up  the  inquiry  which  Sir  William  Armstrong 
has  hinted  at  ? — I  think  that  it  would  absoi'b  a  large 
quantity  of  coal  to  produce  ventilation. 

1048.  {Chairman.)  We  will  assume  that  such'an 
nir  way  as  has  been  mentioned  is  practicable  ;  what 
power  would  be  required  to  work  it  ? — I  take  Se^am 
cdlieiy  to  conpare  with  the  one  suggested  by  Mr. 
Lapton,  as  a  well-venlilated  ccdliery  of  tiie  present 
day.  At  Seaham  collimy  they  have  4*1  inches  of 
water  gauge  for  the  wonings  ahme,  and  about  2*8 
inches  more  for  the  shafts ;  but  if  the  sliafts  were 
increased  in  depth  from  1,624  to  10,000  feet,  and  of 
their  present  size  of  14  feet  in  diameter,  the  water 
gauge  f<H*  the  deeper  shafts,  apart  from  that  of  the 
workings,  would  become  nearly  18*4  inches  even 
with  their  present  amount  of  ventilation,  so  that 
the  resistance  on  the  whole  would  become  4  inches 
^us  18*4  inches,  which  would  be  equal  to  22i  inches. 
That  is,  with  the  present  sectional  areas  of  shafts 
and  air  ways,  and  with  the  present  quantity  of  air, 
namely,  193,346  cubic  feet  per  minute.  But  if  that 
quanti^  of  air  had  to  be  increased  from  its  present 
anwunt  to  1,800,000  cubic  feet  per  minute,  with  the 
mine  in  this  condition,  the  water  gauge  would  in- 
crease to  1,017*3  indies,  or  to  about  3^  atmospheres, 
and  hence  could  not  be  produced  by  exhansting 
ventilators. 

1049.  {Mr.  Dickinson.)  That  Is  with  the  same  sized 
shafts  as  there  are  now  ? — Yes,  the  same  in  section, 
but  10,000  in  depth.  But  if  we  assume,  wilh  Mr. 
Lupton,  that  both  |the  shafts  and  the  whole  of  the 
present  air  ways  of  Seaham  colliery  were  enlarged  to 
four  times  their  present  respective  sectloual  areas, 
the  velocities  of  the  current  would  be  reduced  to  one- 
fourth  cf  their  assumed  rates,  tending  to  reduce  the 
water  gauge  to  one-sixteenth  of  the  amount  calcu- 
lated ;  and  as  the  sectional  area  to  which  the  pressure 
applies  would  be  increased  to  four  times  its  present 
amount,  this  would  tend  to  reduce  the  water  gauge 
to  one-fourth,  or  upon  the  whole  these  two  sources 
of  reduction  would  tend  to  bring  the  water  gauge  to 
<me  dxty-fonrth  part  of  that  last  stated  in  figures  ; 
hatf  on  tne  other  hand,  the  perimeter  of  section  of  the 
enlarged  shafts  and  air  ways  would  be  doubled,  and  by 
doubling  the  area  of  the  surface  against  which  the  air 
has  to  move  would  tend  to  increase  the  water  gauge  to 
double  its  amount,  so  that,  upon  the  whole,  there  would, 
with  the  shafts  and  airways  of  four  times  the  sectional 
area,  only  require  a  water  gauge  of  one  thirty- 
second  part  of  the  amount  required  for  the  smaller 

■hans  and  air  ways,  or  a  water  gauge  of  — = 

81-775  inches;  and  under  this  pressure  the  power 
required  to  circulate  1,300,000  cubic  feet  of  air 


1,80(^000  X  SI  '7876  x  S>fi 


88,000 


■js  6,511 


Assuming  that  the  barometrical  pressure  averaged 
over  the  entire  depths  of  the  shaft,  35  inches  of  mer- 
cury, there  would,  ftom  this  source  be  a  head  of  air 

motive-column  of  10,000  (^l^^)  or  371}  feet  in 

height,  the  air  of  such  column  being  reckoned  of  the 
density  suited  to  a  temperature  of  59*  under  a  pres- 
sure or  tension  of  3fi  indies  of  mercury,  and  air  under 
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such  conditions  would  weigh 


13358X85 


=  -09  lb. 


459  +  59 

avoirdupois  per  cubic  foot,  nearly. 

The  motive-column  would,  therefore,  be  equivalent 
to  a  pressure  of  871}  X  •09  =  88-4575  lbs.  per 
square  fooi^   and    consequently  would  contribute 

 M^ooo   '       horse-power  towards  the 

production  of  ventilation,  and  hence  reduce  the  uti- 
lized power  required  fnmi  the  ventilating  machines 
from  6,511  to  (6,511  —  1,318  =  )  =  5,198  horse- 
power. 

If  we  assume  that  the  ventilating  machines  cm- 
ployed  utilize  60  per  cent,  of  the  indicated  powers  of 
the  englues  employed  to  drive  t  hem,  then  there  would 

require  to  be  employed  (^^^^^^  =  )  =  8,655  in- 
dicated horse-power  to  produce  ^he  ventilation  of 
1,300,000  cubic  feet  per  minute. 

Now,  assuming  that  the  engines  employed  to  drive 
the  ventilating  machines  consume  at  the  rate  of 
6  lbs.  of  coal  pw  indicated  horse-power  per  hour,  we 


8,655  X  6  X  24 


=:  556 


pv  minute  would  be 

horse -power  utilized. 

Now,  taking  the  average  temperature  of  the  upcast 
shaft  to  be  79%  and  that  in  the  downcast  shaft  to  be 
50",  then  natural  ventilation  would  contribute  towards 
the  generation  of  ventilating  power. 

1H88.     YohXL  X 


should  hove  a  consumption  of 

tons  of  coal  p^er  day  of  24  hours  for  the  pro- 
duation  of  ventilation  alone,  out  of  the  1,000  tons 
proposed  to  be  worked  in  that  time  }  and  when 
coals  consumed  by  winding,  hauling,  pumping,  and 
other  engines,  and  for  other  general  colliery  purposes, 
are  taken  from  the  remainder,  there  would,  I  think, 
be  but  a  small  proportion  of  the  coal  worked  left  for 
sale,  even  were  it  found  to  be  practicable  to  work 
coal  at  a  depth  of  nearly  two  miles  below  the  surface 
of  tiie  earth,  where  the  nigral  temperature  of  the 
strata  is  assumed  to  be  about  equal  to  that  of  boiling 
water. 

1050.  {ChtUmum.)  That  is  a  parallel  case  to  that 
which  Mr.  Lupton  assumes  ?  —  Yes,  in  general 
features. 

1051.  So  that  in  oi'der  to  get  the  circulation  of  Mr 
which  he  contemplates  it  would  be  necessary  to  use 
this  enormous  power? — Yes;  in  a  mine  similar  to 
that  of  Seaham,  modified  only  as  to  depths  and  sizes 
of  shafts  and  sizes  of  air  ways. 

1052.  And  if  that  be  so  you  consider  it  absolutely 
impracticable  to  effect  any  such  ventilation  ? — Yes, 
I  consider  it  altogether  out  of  the  question. 

10^3.  {Mr.  Vivian.)  But  is  not  1,300,000  cubic  feet 
of  air  a  minute  beyond  what  would  be  required  to 
ventilate  any  mine  ? — Not  if  the  strata  is  at  the  tem- 
perature of  boiling  water,  and  required  to  be  reduced 
to  one  of  79%  I  should  suppose. 

1054.  The  figures  which  you  have  given  us  are 
simply  calculated  to  meet  the  theoretical  proposal 
raised     Mr.  Lupton  ? — Precisely  so. 

1055.  They  do  not  represent  the  quantity  of  air 
necessary  to  work  a  mine  of  the  contemplated  size  ? — 
He  puts  it  in  that  way.    I  take  his  own  data. 

1056.  {Mr.  Forster.)  10,000  feet  deep  ?— Yes,  and 
with  an  average  temperature  in  the  strata  of  212°  to 
be  cooled  down. 

1057.  {Mr.  Vivian.)  Would  it  not  bo  much  more 
economical  to  eorapreas  a  smaller  quantity  of  air,  and 
to  take  it  down  at  a  high  pressure,  and  to  cool  the 
strata  in  that  way  ?— 1  do  not  know ;  perhaps  it 
would. 

1058.  {Mr.  DickiTUon.)  I  see  that  you  stato  tho 
water  gauge  for  the  shaft  ? — Yos, 

1059.  At  Hetton  nave  they  not  a  peculiar  means  of 
doing  it? — Not  at  Hetton, just  at  inresent,  but  at 
Seaham  they  have  a  pipe  in  the  downcast  diaft  con- 
nected with  awator  gauge  in  the  t^ce  on  the  Bur&cc^ 
whidi  givesf  in  udoition  to  the  ivstataaceii  of  the 
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A  58      workings,  the  resistimce  of  the  down-cast  shaft;  that 
J.  J.AUtmton,  is  for  one  of  the  shafts  ;  and  as  the  other  shaft  is  of 
'  Eaf.        about  the  same  size,  I  tutve  taken  it  to  bo  about  the 

— "        same  as  to  resistance. 
19  ISxf  1869.       lOQQ.  The  pressure  of  working  at  the  bottom  of  the 
'  shaft  to  send,  the  air  round  the  workings  is  4-^th 

inches  ? — Yes . 

1061.  Is  it  not  an  unusually  high  pressure  ?^It  is. 

1062.  So  that  you  have  taken  an  unusually  high 
pressure  to  base  these  calculations  upon  ? — I  have  ;  I 
did  not  s^ct  it  for  the  purpose,  but  simply  because 
I  had  the  necessary  data  for  Seaham  CoIUory. 

1068.  Would  not  two  inches  of  water  pressure  much 
more  accni'fttely  represent  the  common  pressure  for 
sending  the  air  round  ? — I  think  so;  perhaps  inches 
more  nearly  still,  for  so  lai^e  a  quantity  of  air. 

1064.  If  you  wished  consideiably  to  increase  the 
quantity  of  air  circulatmg  round  these  workings  you 
would  not  practically  attempt  to  do  it  through  the 
shafts,  and  the  airways  as  you  now  have  them;  would 
you  not  increase  very  considerably  the  area  of  both 
shafts  and  airways  ? — Yea,  as  far  as  it  could  be  done. 

1065.  Therefore.tboughyou  have  thoroughly  refuted 
the  proposal,  yet  practically  there  is  a  mode  by  which 
the  air  could  be  largely  increased  without  going  to  an 
absurdity  ? — ^Yes,  largely,  but  nothing  approaching 
Mr.  Lupton's  proposed  quantity*  At  present  people 
endeavour  to  multiply  thdr  air  ways,  and  to  increase 
their  areas,  to  get  only  present  results. 

1066.  Is  this  4^th  inches  all  due  to  the  furnace 
power  ? — Thei'e  are  three  double  cylinder  engines  of 
20,  18,  and  11  inches  diameter  of  <7linder  respec- 
tively, besides  two  donkey  engines  with  12-inch 
cylinders  in  the  mine,  which  assist  the  furnace. 

1067.  What  is  the  area  of  the  shafts  ?— They  are  14 
feet  each  in  diameter. 

1068.  {Chairman.)  You  have  heard  Mr.  Wood's 
evidence  this  morning,  in  which  he  has  stated  the 
amount  of  reduction  of  the  temperature  which  has 
been  etlected  by  air  rubbing  for  a  considerable  time 
against  the  passages,  and  which  seems  to  reduce  the 
temperature  6"  or  6".  Bearing  that  in  mind,  and 
spelling  frcnn  your  own  knowledge,  do  you  consider 
tiiat  it  is  for  a  moment  to  be  entertained  thrt  a  tempe- 
rature 212°  at  the  sides  of  Uie  air  course  could  be 
cooled  down  to  a  temperature  of  79^  ? — Not  until  after 
several  years  of  exposure. 

1069.  A  reduction  from  212"  to  79"  would  be  a  re- 
duction of  183"  ? — ^Yes  ;  but  there  would  be  a  greater 
reduction  in  a  given  time  at  a  higher  temperature  of 
strata  than  at  a  lower  one, 

1070.  Would  there  be  a  greater  tendency  to  assimi- 
late ? — Yes,  with  a  greater  initial  difference  of  tempe- 
rature; its  amount  would  also  depend  upon  the- length 
of  the  air  courses,  and  the  areas  of  the  surfaces  which 
they  exposed  to  the  air. 

1071.  (3fr.  iVbodhouse.)  I  asked  you  whether  it 
would  be  practicable  to  tranqxMe  the  position  of  the 
shafts  BO  as  to  reduce  the  cost ;  your  reply  was  that 
the  cost  woold  be  something  enormous.  I  did  not  put 
the  question  with  reference  to  Mr.  Lupton's  depth  of 
10,000  feet,  but  I  spoke  of  the  depth  which  we  have 
in  the  North  of  England  ? — Quite  so.  I  take  it  to  be 
a  depth  of  300  fathoms  or  thereabouts. 

1072.  It  18  less  than  that.  We  have  an  instance  of 
coal  being  already  worked  under  the  sea  to  a  length 
of  three  miles  ? — Five  miles,  with  a  single  intake  and 
a  single  return  for  the  whole  of  the  air,  would  take  a 
very  heavy  power  to  do  it. 

1073.  {Mr.  Dickinson.)  At  one  time,  in  the  Haswell 
Colliery,  had  they  not  an  intake  current  3^  miles  in 
length  F — Yes;  but  they  had  not  the  whole  pit's  air 
travelling  in  that  way.  In  Haswell  Colliery  it  is 
merely  one  branch  or  split ;  it  is  about  three  miles 
from  we  shafts  to  the  workings.  Of  course  it  depends 
a  great  deal  upon  the  quantity  of  gas  given  off  by  the 
mine,  and  the  depth,  and  the  consequent  temperature, 
as  to  what  quantity  of  air  you  would  require.  If  you 
take  five  miles  in  and  five  miles  out  for  the  whole 
air  of  the  mine,  and  through  the  workines  in  addition, 
then  I  think  that  it  would  add  very  seriously  to  the 


ezpeuse ;  it  is  a  matter  which  am  be  otMaled. 
If  we  assume  two  shafte^  each  of  such  a  diameter  as 
to  ofibr  the  same  &dlities  for  the  paasage  of  idr  as 
would  be  offered  by  cleur  tumels  ra*  2oF  eet  in  dia- 
metOT  and  of  equal  length,  and  that  each  shaft  is  260 
fathoms  in  depth,  and  that  ft-om  the  bottoms  of  these 
shafts  there  is  a  tunnel  driven  out  under  the  sea  to 
a  distance  of  five  miles,  each  tunnel  having  such 
dimensions  as  to  give  equal  fadlitiee  for  the  passage 
of  air  as  would  be  given  by  tunnels  perfectly  clear 
of  obstructions  and  20  foet  in  diameter,  and  that  the 
whole  of  the  air  has  to  pass  in  by  one  of  the  shafts 
and  its  connected  tnnnel,  then  round  the  workings  of 
the  mine  lying  b^ond,  in  varions  splits,  and  after- 
wards to  ntum  by  way  of  tiie  other  tunnel  uid  shaft 
in  a  single  current,  then  we  may  make  an  approxi- 
mate calculation  as  to  the  power  and  consumption  of 
coal  that  would  be  required  to  drculate  different 
quantities  of  air. 

The  formula  for  the  purpose  of  finding  the  water 
gauges,  as  given  in  column  2  of  the  table  is 

h  =  iii^ 

800  A' 

where  h  =  inches  of  water  column,  or  water-gauge. 
12  =  inches  in  a  foot. 
1  =  length  of  shafts  and  tunnels  in  feetzr 
55,800. 

c  =  perimeter   of  shafts   and   tunnels  = 

62*832  feel. 
Q  sc  cubic  feet  of  mr  per  minute. 
800  »  density  of  wat^,  air  being  1. 
A  =  area  (a  shafts  and  tuniuls  in  aqoaiefeets 
S14-16. 

k  3  a  constant  coi^ffioient  for  tiie  same  snt  of 
mato^al  etupoaeA.  to  the  moving  air, 
and  forming  the  internal  surface  of  the 
shafts  and  tunnels.  The  value  of  this 
co-efiicient,  according  to  the  very  nu- 
merous experiments  of  M.  F6clet,  takes 
a  value  of  000,000,268,81,  when  [re- 
duced  to  suit  the  above  formula,  on  the 
supposition  that  the  robbing  snrfiioe  is 
compoeed  of  baked  clay  (bricks)  or 
pottery. 

In  the  foUowing  table  the  quantities  of  air  in 
column  1,  and  the  corresponding  water  gauges  in 
column  3,  as  due  to  the  workings  of  the  mine  alone, 
are  assumed  quantities,  2^  inches  of  water  gauge 
having  been  assumed  for  a  quantity  of  200,000  cubic 
feet  of  ^r  per  minute,  the  rest  of  the  water  gauges 
being  taken  as  being  directly  pvopoi-tional  to  the 
squares  of  the  quantities  of  air ;  the  mine  thus  being 
supposed  to  remain  of  the  same  resistance  for  any  one 
quantity  of  air. 

The  horse-power  requii^  to  be  utilized  for  over- 
coming the  i-esislances  offered  to  the  air  by  the  shafts 
and  tunnels,  as  givai  in  eolumn  6  of  the  tahle^  are 
calculated  by  the  expression . 

6-2h  Q 

88,000 

£*2  being  the  pressure  in  lbs.  per  square  fbot  due  to 
each  inch  of  water  column,  and  33,000  the  number  of 
foot-pounds  due  to  one  horse-power  acting  for  one 
minute,  h  and  Q  having  the  significations  already 
mentioned. 

The  numbers  in  column  6  of  the  table  arise  from 
multiplying  the  corresponding  numbers  in  column  5 
by  100,  and  dividing  the  product  by  6(^  the  per- 
centage of  the  power  that  is  assumed  to  be  utilised  by 
good  ventilating  machines. 

The  utilized  power  that  is  required  to  force  the  air 
through  t^e  workings,  as  given  in  column  7,  are 
obtained  by  treating  tiie  correE^nding  nnmb^  in 
columns  1  and  3  in  the  same  ifomvt  as  has  been 
indicated  for  treating  those  in  columns  1  and  2,  in 
order  to  obtain  those  in  column  5. 

The  numbers  in  column  8  are  obtained  by  multiply- 
ing those  in  column  *l  ^y  100,  and  dividing  the  pro- 
duct by  60.  ■ 
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Table  Showing  the  Water  Gauges,  Powers,  and  Coals  that  would  be  required  to  ventilate  a  Mine  with       ^  59 
ordinary  Air  Ways  oud  Splits  situated  at  Uie  Eztremitlea  of  Two  Tunnels  each  5  Miles  in  Length,  the  J.  J.Atkhum, 
Sha£ls  and  Tunnels  being  equal  to  Tunnels  of  20  Feet  in  Diameter  for  ventilating  Purposes.  Esq. 


of  Air 

per 
Micute. 


100,000 
150.000 

too,ooo 

350,0C0 
900,000 


i»  the 

tfUlfM  Of 

ttif  ShaTtB 
1 


4>55» 

10' ass 

18*186 
36-496 
41-034 


tottw 
BecbtencQs 

orttie 

ilnio. 


0-635 
1*406 
3-600 
a -906 
5-635 


T-itnl 

WatLT 
Gbuiki  A\k> 
to  sHkittf, 
Timnelsj 

nii 


requirod 


Indus. 
5*184 

11-664 

90-738 

32-402 

46-659 


Power 

reqnirod  to 

be 

indivaUd 
fur 

Beaut  anif^ 


Eom-Fwr. 

71-84 

1I9*7 

242-47 

404-1 

674-75 

957*9 

1122-57 

1870-9 

1989*78 

3233-0 

Pn  ill"  I ' 
ri.'ijiiii't.i<l 

1(1 

fur  liio 


Pown 
reqtdnd 

to  be 

iadieat-al 

(ar  t1io 
Worktrisa 

m  l)>i) 
MitiD  nloiLC, 

utlmod. 


8. 


Power 
requiroil 

to  hi', 
iiiillc'-jti'il 
fur  SImffs, 
Til  Tim;  [s, 

WorhinsH 
ilk 

ths  JUiiic. 


9. 


Coftls 
connuned 

IbM 
Houn,  at 
Bibs,  per 
indicated 
Horse- 
Power  per 

Hour, 
for  Shafts 

and 
TuDuels 
alone. 

10. 


9*848 

33*23 
78-79 
153-87 
265-91 


HDrnc-Pwr. 
16-41 

55*38 

131*81 

256-45 

443- 18 


186*11 
459-48 
1089-21 
2127*35 
3676' 18 


Tons. 
7-7 

26-0 

61-6 

120-3 

207-8 


Coals 
ooQBumed 

in  U 
Hours,  at 
eiba,  per 
indicated 

Horse 
Power,  for 

the 
"WorkiDgs 
tn 

the  Hine 
alone. 

II. 


Total  Coals 
in  M  Houn, 

at  ft  lbs. 
per  indicated 
Horsfr 
Power,  fbr 
the  entire 
Ventilation 
of  Shafts 
TuDnels, 

and 
WorUnf^ 

19. 


Tons. 
1-05 

3*5 

8-4 

16*5 

28'5 


Tons. 

8*76 

S9*S 

70-0 
186-8 
236-3 


The  total  required  indicated  horse-powers  in  ccdonin 
9  are  the  sums  of  the  corresponding  numbers  con- 
tained in  columns  6  and  8.  Column  10  is  obtained 
from  column  6,  column  1 1  from  column  8,  and  column 
12  irom  column  9,  in  an  obvious  manner. 

The  water  gauges,  powers,  and  coals  required  for 
the  shafts  and  tunnels,  resistances  given  in  the  table 
are  based  upon  M.  P<*clet'a  numerous  experiments  on 
flues  and  dumneys,  and  I  suspect  ve  far  too  great  in 
amount,  because  I  have  heard  of  experiments  ou  the 
air,  ways  of  mines  in  Belgium  giving  the  value  of  the 
co-efficient  k  very  much  smaller  than  the  value  given 
by  M.  Peclet  for  brick  work. 

It  is  extremely  desirable  that  a  set  of  experiments 
should  be  instituted  to  determine  the  value  of  this 
co-efficient. 

1074.  {ChairmanJ)  To  return  to  the  question  of 
cooling^  by  ventiLiition,  you  said,  on  the  last  occasion 
when  you  were  here,  that  you  considered  that  when 
tiie  temperature  of  the  air  became  higher  than  the 
temperature  ci  the  body,  no  benefit  would  be  gained 
by  increasing  the  quantity  df  circulation  ? — ^Not,>unless 
that  temperature  was  so  reduced  as  to  bring  it  below 
the  temperature  of  the  human  body,  TJnless  you  got 
it  beneath  98"  the  less  ventilation  you  bad  the  more 
endurable  the  medium  or  atmosphere  would  be,  so  far 
as  mere  heat  is  concerned. 

1075.  Have  you  formed  any  ideaas  to  the  amount  of 
the  reduction  of  temperature  which  could  be  effected 
by  ventilation  ?  Supposing  that  we  consider  100*  of 
temperature  as  the  limit  of  the  atmosphere  in  which 
the  men  would  be  required  to  work,  what  do  you 
think  would  be  the  temperature  of  the  strata  with 
that  temperature  of  air  ? — In  the  working  faces  J. 
think  that  it  would  be  almost  impossible,  with  mere 
ventilation,  to  get  down  the  temperatore  more  than 
S**  or  6°,  where  there  is  a  fresh  face  exposed  from  day 
to  day. 

1076.  Assuming  the  limit  of  die  sir  temperature  for 
those  who  are  employed  In  the  usual  labour  to  be  lOOf 
you  would  eonaider  the  limit  of  the  tnnpcrature  in  the 
strata  to  be  about  106°  P — Sometfaiog  like  that. 

1077.  And  calcnlating  it  at  60  feet  to  a  degree,  it 
would  represent  a  depth  of  how  much  ? — It  is  3,360 
feet,  taking  50  feet  in  depth  b,&  at  a  constant  tempera- 
ture of  50*. 

1078.  Yon  think  that  it  would  be  somewhere  theie^ 
abouts? — Yes.  I  think  that  that  would  be  plenty, 
because,  according  to  my  experiments  and  observations, 
it  would  only  be  3,000  feet,  or  something  short  of  it. 
My  experiments  are  based  upon  on  assumed  constant 
temperature  of  48°  at  a  depth  of  60  feet  from  the 
surface,  and  give  an  average  increase  of  one  degree  for 
each  54*22  feet  below  that  depth. 


1079.  {Mr.  Dickinson.)  You  have  been  in  some  of 
the  Belgian  mines  ? — I  liavo  been  in  a  Belgian  mine, 
but  I  have  seen  little  of  them  underground. 

1080.  In  the  tables  which  you  put  in  at  the'last 
meeting  there  was  a  very  much  lower  temperature 
shown  in  proportion  to  the  depth  than  the  tempera- 
tures which  you  have  shown  to  day  ? — ^Tes,  in  the 
Belgian  mines.  The  English  mines  increase  more 
rapidly  with  increase  of  deptli  than  do  the  Belgian 
cases  which  I  quoted,  if  that  is  what  yon  mean. 

1081.  Do  you  know  sufficient  of  the  Belgium  mines 
to  know  that  they  have  been  working  succeeding 
coui-sea,  30  yards  in  depth  succeeding  each  other, 
untQ  they  have  got  down  to  their  enormous  depths  ?— 
Yes  ;  from  depth  to  depth,  I  believe. 

1082.  May  not  that  have  some  effect  in  cooling  the 
temperature,  so  as  to  account  for  the  great  disparity  ? 
— ^Yes,  I  think  that  it  is  very  probable.  I  think  t^at 
the  cause  which  you  suggest  is  very  likely  the  true 
one. 

1083.  Then  you  think  it  an  important  matter  to  have 
the  best  system  7 — ^Yes  ;  of  course  the  better  the  system 
is  adapted  for  the  purpose,  the  better  it  will  answer. 
Here  is  a  table  embracing  the  particulars,  as  far  as  I 
exti-acted  them  {producing  the  same). 

1084.  (Chairman.)  Supposing  that  in  the  case  of  a 
deep  Belgium  mine,  or  in  any  other  mine  out  of  Eng- 
land, it  should  turn  out  that  the  rate  of  increase  of 
temperature,  instead  of  being  1*  in  60  feet,  should  be 
1°  in  100  feet  or  1°  in  120  feet,  or  even  less,  would  it 
at  all  alter  your  conclusion  as  to  what  is  practicable 
in  depth  in  this  country,  in  the  localities  of  which  you 
have  been  speaking  ?— I  do  not  think  that  it  would, 
I  have  taken  a  case,  for  the  purposes  of  this  Com- 
mission, in  Nottinghamshire,  which  closely  i^ees  with 
the  Doriiam  observations.  If  they  are  so  fortunate  in 
Belgium  as  to  have  it  so  cool,  and  if  we  are  so  unfor- 
tunate as  not  to  have,  it  so  cool,  we  cannot  alter 
that  Sad.  The  great  inclination  of  the  strata  in  BeL 
ginm  admits  of  the  mode  of  wtn-king  named  by  Mr. 
Dickinson,  but  our  s^ta  are,  as  a  rule,  more  neariiy 
horizontal. 

1085.  (Mr.  Vivian.)  Supposing  that  you  found  that 
the  rate  of  increase  from  one  depth  to  another  depth 
was  in  Belgium  very  much  the  same  as  in  this  country, 
but  that  when  you  passed  that  line  the  ratio  of  increase 
was  not  so  considerable,  what  should  yon  then  say 
with  regard  to  this  country  ? — 1  find  it  otherwise,  in 
some  cases.  If  I  found  it  so,  I  should  begin  to  think 
that  our  Belgium  fr-iends  had  got  into  something  which 
we  have  not  yet  reached  ;  but  I  believe  that  on  the 
average  the  English  pits  tabulated  by  me,  are  as  deep 
as  the  average  of  the  Belgian  pits,  lUthough  not  00 
deep  as  the  deftest  ones. 
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A  60         1086.  And  are  tbeBelgian  pits  at  that  depth  not  eo 
J.  J.  AikiMtm,  warm  as  our  pita  ?— No  ;  it  would  appear  that  they  are 
Eaq.  not. 

1087.  {Chairman.)  In  these  observations  tlie  depth 


IS  May  1869. 


is  774  TBrds,  and  there  the  rate  of  increaae  iiutead  of 
diminiahing  is  iwsnaaing? — ^Tea.  Ton  do  not  get 
close  agreements ;  all  tut  yon  can  do  is  to  airnvge 

them. 


The  witness  withdrew. 


Mr.  Liiubtm 
Wood. 

IS  Mmj  1800. 


Mr.  LiNDSAT  Wood  Airther  examined. 
7%e  wiineu  produced  certain  diagravu  and  iabUs. 

Table  Ko.  1  gives  the  result  of  a  series  of  experiments  made  to  show  the  difference  between  the  Tempera- 
ture the  Coal  and  tJbe  Tomperatore  of  the  Air  as  it  traveb  fixnn  the  downcast  shaft  to  the  working 
places.  The  coal  in  which  the  experiments  were  made  had  been  exposed  for  woma  yean  to  the  action  m 

the  air. 


1 
3 
8 
4 
5 
6 
7 
8 
9 
10 


.9 


|1 
so 


64 
65 
66 
67 
67 
67 
69 
69j 
69 
*68 


I3| 


ft8 

59 

6U 

62| 

64} 

65 

66} 

68 

68 

69 


6 
6 

4 

8 


66 

69 

70 

70j 

70 

70 

70 

70 

70J 


Yda 
410 
955 
1,347 
1,640 
1.970 
3,800 
3,680 
8,026 
8,423 
8,766 


i 


CabicFeet 
41,800 
41,500 
80,000 
38,000 
11,000 
10,000 

3,000 
8,000 
8,000 


I 


Feet 
1,080 
M70 
1,830 
1,860 
1,838 
1,822 
1,330 
1,804 
1,864 
1,840 


*  A  small  Uee^ng  of  vider  pasAig  throngh  tUs  holew 

Table  No.  2  is  a  list  of  experiments  to  show  the  temperature  in  the  coal  separating  the  intake  and  the 
return  air-ways,  and  the  result,  I  find,  is,  that  the  coal  which  has  a  current  of  cold  air  on  both  ddes  of  it 
is  not  reduced  in  temperature  to  a  greater  extent  than  the  coal  which  has  the  coU  air  on  cme  ude  and  the  hot 
return  air  on  the  other.  The  coal  in  all  the  four  series  of  experiments  had  been  exposed  to  the  aetitm  of  the 
air  iVom  Id  to  20  years. 

jAzns  Frr,  Hettok  Colusbt. — ^TabLe  showing  Temperatores  in  the  Coal  separating  Intake  and  Betom  Air 
ways,  ^e  coal  having  been  exposed  to  the  action  of  the  air  currents  firmn  1€  to  20  years. 


It 


I 
t 


1 

O.; 
A 


p 


1^ 


1 

3 
3 
4 

Avenge 


59] 

68 

63 


64> 
63 

87 


65} 


Yds. 

20 

16} 

S3 

16} 


58} 
69 
61 
63 


65 
65 
66} 
67 


68 
78} 
72 
73} 


19 


60} 


65} 


71} 


Yds. 
15 
66 
80 
88 


81 


70} 

71 

69} 

70 


66 
69 
70 
70| 


Feet 
1,080 
1^70 
1,830 
1,360 


CoK 

perMio. 
31,800 
18,800 
13,800 
15,800 


Feet  Cab.  Feet 


per  Min. 
41,800 
41^ 
80,080 
88,000 


Ydfc 
410 
955 
1347 
1,640 


70i 


68} 


1,857} 


17,525 


35,853 


1/W8 


1068.  {Mr.  DicHruotL)  What  is  the  syetem  upon 
which  the  mines  are  worked  in  which  yon  made 
tiiese  experiments  ? — ^Pillar  and  stall. 

So  that  it  is  upon  the  system  in  which  there 
are  the  very  largest  ntmiber  of  (^>entngs  which  can  be 
made  hi  a  mine  at  one  time  ?— Tea ;  a  large  number 
of  openinn  are  made  by  this  syst^n. 

1090.  We  have  had  evidence  ihnn  Lancashire  given 
by  Mr.  John  Enowles,  who  was  working  coal  at  a 
depth  of  738  yards  below  the  surface  ;  and,  as  the 
lOBult  of  his  experiments,  he  finds  that  the  tempera- 
ture is  reduced  fh>m  10  to  13  degrees ;  he  gives  the 
distance  at  1,000  yards  from  the  engine  brow,  the 
shaft  being  526  yards  deep  ? — ^All  the]distance8  I  have 
given  are  measured  from  the  bottom  of  the  shaft. 

1091.  Yon  do  not  in  any  instance  show  so  large  a 
reduction  of  the  coal  temperature  as  from  10  to  13 
d^reea;  at  about  1,247  yards  from  the  shaft  you 
show  a  reduction  of  only  4}  degrees,  vhilat  Mr. 


Ejiowles  shows  a  reduction  of  from  10  to  14  decrees  ? 
— Is  that  amount  of  reduction  tiie  differences  between 
the  temperature  of  the  tax  and  the  calculated  tempe- 
rature  of  the  coid,  or  between  the  air  and  the  aetaal 
tanpo-ature  in  the  coal  ? 

1092.  I  find  that  it  comes  to  pretty  much  the  same 
whichever  way  you  take  it.— I  find  with  a  laige 
quantity  of  ur  pasang  that  the  coal  la  cooled  down 
four  or  five  degrees  bedow  tiie  ncvmal  temperatnre, 
and  the  air  is  wm  or  five  degrees  below  ue  actual 
temperatore  of  the  coal,  makmg  a  totid  below  the 
normal  temperature  of  8  or  9  degrees. 

1093.  Then  you  get  no  such  iMge  di£ferenoe  as  Mr. 
Knowles  ? — ^No. 

1094.  May  not  that  arise  from  the  fact  that  thoae 
mines  are  worked  upon  a  different  system  by  merely 
driving  out  a  pair  of  levels  to  the  extreniity,'giving 
the  very  smallest  possible  surface  for  givii^  off  heat, 
and  then  having  as  few  tunings  as  poamble  at 
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the  far  end  ?  By  having  a  small  number  of  open- 
ings tiiey  can  concentrate  as  much  air  as  they  think 
fit  upon  the  workings,  and  they  thereby  get  a  reduc- 
tion of  10  degrees,  whereas  you  only  get  5  degrees. 
That  redaction  of  10  degrees  is  50  yards  from  the 
working  face  ? — The  system  of  working  in  the  pit 
where  these  experiments  have  been  taken  is  this  : — 
For  a  portion  of  the  way  towards  this  working  faces 
there  are  two  intake  air-ways  and  two  main  returns  ; 
the  remaining  portion  has  one  intake  and  two  main 
returns ;  therefore  the  air  ought  not  to  be  heated  to  a 
greater  extent  in  this  case  than  by  the  mode  which 
you  describe. 

1095.  There  are  no  bords  in  the  intermediate  dis- 
tances ? — No,  not  ventilated  by  the  intake  nir. 

1096.  By  having  a  vast  extent  of  bords  to  ventilate, 
the  air  would  be  increased  in  temperature  ? — The 
piUars  are  ventilated  by  the  air  after  it  has  passed 
over  the  working  place. 

1097.  Tou  start  with  41,800  cubic  feet  of  air  per 
minute  ? — ^Yes,  there  is  that  quantity  in  one  of  the 
intake  air-wi^  and  28,000  ouluc  feet  per  minnte  in 
the  other. 

1098.  And  when  you  get  to  your  extreme  distances 
you  have  only  3,000  cubic  feet  per  minute  ? — ^Yes,  at 
the  extreme  distance  given  on  that  table  of  experi- 
ments tliere  was  3,000  cubic  feet ;  it  was  at  the  face  of 
a  pair  of  exploring  drifts  that  were  not  at  work. 


1099.  If  you  had  not  had  intermediate  workings  to  A  61 
ventilate,  you  might  have  had  more  air  to  deal  with  Mr.  Lmd$av 
than  3,000  cubic  feet  ?— Possibly  so.    There  is  no  Wood. 

doubt  that  the  greater  the  quantity  of  air,  and  the   

greater  the  velocity  it  is  travelling  a^  the  less  amount  " 

of  heat  it  will  absorb.  ■ 

1 100.  So  that  you  would  expect  lo  be  able  to  reduce 
the  temperature  a  little  more  by  not  having  inter- 
mediate workings  to  ventilate  ?— I  do  not  think  that 
the  intermediate  workmga  are  the  cause  of  the  air  be- 
coming heated.  I  mean  if  a  large  quantity  of  air 
were  passing  through  the  air-way,  and  travelling  at  a 
great  velocity,  it  would  be  less  heated  than  if  there 
were  a  smaller  quantity. 

1101.  (C/tairman.)  1  think  that  Mr.  Elliot  requested 
you  at  the  last  meeting  to  give  the  temperature  of 
the  coal  under  Warden  Law  Hill  ?— Yes  ;  but  I  found 
in  levelling  the  surface  that  the  difference  irf  level 
was  very  slight.  I,  however,  made  an  expuiment 
under  Piltington  HiU.  Diagram  No.  1  shows  the 
elevation  of  the  hill.  The  result  was  tha^  at  a  depth 
below  the  sorface  of  463  feet,  and  a  distance  fVom  the 
shaft  of  320  yards,  the  temperature  of  the  coal  waa 
54^  degrees;  and  at  a  doptii  of  611  feet,  and  a  dis- 
tance of  460  yards,  the  temperature  was  37  degrees. 

The  witness  produced  some  plans,  and  explained 
them  to  the  Committee. 


DiAOBAH  Ko.  1. 


nffiquuTv-tRAM. 

HICN  HMN  HAM. 


LOW  MM  SUM, 


KITTTON   SEAM.  ■  ■— ■  U  - 

1102.  {Mr.  Vivian.'\  You  undertook  to  make  some 
experiments  as  to  the  cooling  efiect  of  air-pressure 
engines;  have  you  dune  so  ? — Yes,  I  made  a  series  of 
experiments  in  one  of  the  Hetton  pits,  where  two 
Goal-cnttmg  machines  are  being  worked  compressed 
air.  I  took  three  sets  of  obeervadons.  First,  when 
there  were  no  men  wwking  in  that  portion  of  &e  pit. 
Secondly,  when  the  men  were  working  without  the 
coal-cntting  machines  being  at  work.  Thirdlvt  when 
the  coal-cutting  machines  were  at  wwk.  Tlie  ob- 
servations were  taken  at  seven  different  places,  which 
are  shown  on  digram  No.  3  by  the  figures  1.  2,  3,  4, 
5,  6,  7.  One  of  the  coal-cutting  machines  was  work* 
ing  at  the  place  marked  (5)  and  the  other  at  (6). 

Hie  following  tabular  statement  gives  the  par- 
ticulars of  these  experiments  ;  the  result  of  which  is 
that  the  temperature  of  the  air  was  reduced  \\  de- 
grees after  it  had  mixed  with  the  exhaust  air  from 
themadiines. 


1103.  How  near  the  cosl-cutting  machine  were  these 
temperatures  taken  ? — No.  o  and  6  were  ixkea.  about 
eight  yards  from  the  machine. 

1 104.  Did  yon  observe  whether  the  difference  de- 
creased as  you  got  fUrther  off  from  the  machine ; 
would  the  reduction  become  less  as  you  iucreased  the 
distance  from  the  machine  ? — At  No.  7  the  tempera- 
ture was  slightly  higher  than  at  No.  6.  I  account  for 
that  from  there  being  a  larger  quantity  of  warm  air 
at  that  point,  and  therefore  not  mixed  with  the  cold 
air  in  the  same  proportions  as  at  No.  6. 

1105.  What  is  the  quantity  of  air  passing  at  this 
place  ;  is  it  large  or  small  ? — It  was  small  ;  3,000 
cubic  feet  at  No.  6,  and  5,000  cubic  feet  at  No.  7. 

1106.  {Mr.Dkhinson.')  What  would  be  the  quantity 
of  air  which  the  machine  would  be  giving  off?— 
Each  machine,  I  believe,  gives  off  about  50  cubic  feet 
per  minute,  and  at  a  {vessure  of  about  15  lbs.  per 
square  inch. 
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Tablb  of  Experiments  made  in  the  Main  Coal  Seam,  Elemore  CoUieir,  to  ascertain  the  Redaction  of  the 
Temperature  of  the  Air  by  the  Exhaust  Air  from  Coai-Catting  Machines. 


ffitoatioa. 

Before  the  Fit  commenced 
worii  at  1  o'clock  a.h. 

After  the  Ht  commenced 
work,  6  o'clock  a.k. 

With  Coal-Cutting  Machines 
at  woriL  9  o'clock  p.ii. 

Distance  from  the  Shaft  in 
Tarda. 

a 

No.  of  Men  on  the 
Out  Bye-side  of 
the  Place  of  Ex- 
p^imeut. 

Temperatnre  in  Air 
Current, 

Quantity  of  Air. 

I  No.  of  Men  on  the 
Oat  Bye-nde  of 
the  Place  of  Ex- 
perinieDt. 

u 
a 

§1 

H 

Quantity  of  Air. 

SI'S 

.s 

^1 

Quantity  of  Air. 

Cub.  Feet 

Cub.  Feet 

Cub.  Feet 

per  AGn. 

0 

per  Min. 

o 

per  Min. 

No.  1  - 

0 

5,400 

0 

50 

6,120 

0 

504 

5,700 

352 

550 

No.  2  - 

5 

67 

500 

l-t 

57 

500 

8 

58 

600 

814 

541 

No.  3  - 

5 

57i 

3^00 

15 

67 

8,600 

8 

58 

3,200 

858 

588 

No.  4  - 

S 

6H 

3,000 

19 

59 

3,080 

8 

59 

3,000 

1,144 

529 

ETo.  5  - 

5 

60| 

21 

60 

8 

59 

1,230 

581 

No.  6  -  - 

5 

eol 

2S 

60 

8 

59 

1,270 

586 

Na7   .  - 

S 

60} 

4,880 

82 

60 

4,600 

10 

59^ 

4,800 

1^ 

M2 

1 1 07.  And  70U  found  that  that  small  quantity  of  air 
at  that  pressure  was  capable  of  reducing  the  tempera- 
ture at  that  working  face  1^  degrees  ? — Yes ;  there 
are  two  machines  exhausting  50  feet  per  minute,  each 
at  a  pressure  of  15  Iba.  upon  the  sqoare  ini^  at  a 
temperature  of  about  20  degrees. 

1108  If  it  had  been  a  question  of  redocing  the  tem- 
peratnre in  a  working  face,  could  you  not  have  re- 
duced it  considerably  more  than  1^  degrees  ? — ^It  was 
not  done  so  in  this  case. 

1109.  {Chairman.')  There  you  say  that  you  have  a 
quantity  of  air  passing  of  3,000  cubic  feet  ? — Yes.  ■ 

1110.  Supposing  that  the  quantity  of  air  passing 
was  6,000  cubic  feet  instead  oif  3,000,  would  not  tJie 
difference  be  only  three  quarters  of  a  degree  ? — Yes. 

1111.  And  as  yon  went  on  increasing  the  volmne 
iSba  difibrenoe  would  be  inseDsible  ? — ^Yea;  it  ent^y 


depends  upon  the  quantity  of  cold  abr  mixed  wUli 
warm  air. 

1112.  In  a  working  where  you  had  a  difficulty  to 
contend  with,  the  I'eduction  of  temperature  by  a  cutting 
machine  would  be  insignificant ;  it  would  depend 
upon  the  quantity  of  air  passing  ? — Yes. 

1113.  If  the  number  of  machines  remains  the  same 
the  reduction  of  temperature  is  a  mere  fraction  of  a 
degree  ? — Yes. 

1114.  You  do  not  anticipate  that  any  material  re- 
duction in  the  temperature  of  the  air  would  be  ejected 
by  coal-cutting  machines  ?~That  depends  upon  the 
number  used.  If  you  worked  a  colliery  entirely  by 
machines  you  must  have  a  great  number  of  then^  and 
cmisequently  exhaust  a  large  quantity  of  otdd  air. 

1115.  Supposing  that  you  are  working  at  a  depth 
where  the  nmmal  temperature  would  be  100  d^^eee, 
and  tiuit  in  order  to  counteract  that  as  fiu:  as  possiU^ 
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you  have  to  bring  aa  lar^e  a  Tolnme  of  air  as  would 
be  practicable  to  sweep  the  face  of  the  coal,  what 
-rronld  yon  thick  a  copious  supply  of  air  for  that  pur- 
pose ;  I  mean  the  quantity  of  cubic  fe^  of  air  passing  ? 
—-That  would  depend  upon  the  number  of  men  ^i^k- 
ing  in  that  particular  district. 

1 1 16.  Supposing  that  you  had  20  coal-cutting  ma- 
chines in  that  place,  womd  they  always  be  in  actual 
motion  and  discharging  air  the  whole  time? — Yes, 
during  the  whole  time  that  the  pit  was  wcnrking. 

1117.  There  is  no  cesaation  in  the  work  ? — ^No,  not 
when  the  mine  Is  worked  entirely  by  coal-catting 
machines. 

Ills.  Do  you  contemplate  that  20  machines  could 
be  continually  kept  at  work,  discharging  that  quantity 
of  air  ?-~Yes ;  there  is  nothing  impossible  in  it. 

1119.  (Mr.  Vivian.)  And  then  you  would  reduce 
the  temperature  ftom  100  d^;rees  to  92  degrees? — 
Yes. 

1 1 20.  Supposing  that  it  were  economically  possible, 
would  it  be  theoretically  possible  to  take  in  as  much 
compressed  air  as  would  cool  the  air  in  the  wwking 
fikoe  £m  men  to  wwk  it  ? — It  is  quite  posuble  to  take 
in  compreaaed  air  ao  as  to  redace  the  temperature  ; 
^e  oooUng  eflfect  woold  be  the  aame  tiling  whether 
you  paaa  it  through  a  coal-cutting  machine  or  dU- 
oharge  it  from  a  ppe. 

The  witness 


1121.  (Chairman.)  What  power  is  necessary  to 
compress  the  air  for  those  20  machines  ? — It  would 
entirely  depend  upon  the  distance  and  the  sice  of 
pipes  between  the  coal-catting  machine  and  the  air- 
compreaaing  machine. 

1 122.  (Mr.  Dickimon.)  I  think  that  we  may  take  it 
that  the  coal-cutting  machines  utilize  a  very  small 
portion  of  the  steam  power  ? — I  believe  a  good  deal  of 
power  is  lost,  especially  when  small  pipes  are  used  for 
conveying  the  air. 

1123.  (CkairmoH.)  Is  it  your  preaent  impreasion 
that  it  would  be  practicable  to  reduce  Uie  temperature 
to  an  im[}ortant  extent  by  the  extensive  use  of  com- 
pressed air  engines  ? — X  think  that  by  using  them  it 
would  sensibly  redace  the  temperature, 

1 124.  In  the  calculation  which  you  have  made,  you 
bring  out  that  redaction  as  much  aa  8  dwrees  upon 
100  degrees?— .Yes. 

1125.  I  think'that  for  the  purpose  of  bringing  in  air 
by  expansion  it  would  be  hardly  economical,  would 
it  ? — I  think  that  if  compressed  air  were  taken  to  the 
working  places  for  the  purpose  of  reducing  the  tempe- 
rature, it  would  also  be  used  for  driving  some  me- 
chanical means  of  working  the  coal,  and  In  that  case 
would  be  economical. 

withdrew. 


A63 

Mr.LbuUag 
Wood. 

IS  Iby  1869. 


A4}oamed  to  Toesday^  15th  June,  at  12  o'clock. 


A— 13«&  MeeH/ng,  Jwne  15,  1869. 

Fbesbkt:  1.  Sib  Wiluam  Abmsibong  (ia  the  Ohair) ; 
2.  Mb.  Geddes  ;  3.  Mb.  Woodhouse  ;  4.  Mb.  Dickinbon  ;  0.  Mb.  Class.  ; 
6.  Mb,  Husset  Viviaii. 

The  following  gentlemen  were  also  present : — 7.  Mb.  Bbtham  ;  8,  Mb.  Lindsay  Wood. 

1,  The  Seto^tary  produced  the  file>  and  ihe  office  copy  of  the  minutes  and  evidence,  as  droolated 
on  June  5th,  together  with  sundry  diagrams  which  bdong  to  the  evidence  of  Mr.  Atkinson  and 
Mr.  Wood. 

2.  The  minutes  of  the  last  meeting,  May  12,  were  read  and  signed. 

8.  The  Secretary  produced  correspondence  with  }ltr.  Brown  of  Bamsley,  192,  whose  evidence 

in  manuBcript  sent  to  him  on  May  26th,  1868,  has  not  yet  been  returned.  The  Secretary  was 
desired  to  write  to  him  again.  The  manuscript  waa  subsequently  found  by  Mr,  Brown,  sent  to  the 
Secretary,  printed,  and  sent  to  the  witness  in  the  usual  manner,  902,  2133,  2185. 

4.  Also  correspondence  with  Mr.  Bryham  of  Rosebridge  Colliery,  Wigan,  1,937,  who  was  present. 

6.  Also  with  Mr.  Atkinson,  1,980,  which  was  read  to  the  Committee,  according  to  his  request. 

6.  Also  the  account  of  Mr.  Atkinson,  2,056,  2,064),  which  was  rigned  by  the  Chairman ;  and 
which  was  subsequently  forwarded  for  payment. 

7.  Also  letter  2,065  from  Mr.  Forster,  who  will  attend  on  Wednesday. 

8.  The  Secretary  was  directed  to  go  to  the  Admiralty,  and  to  the  Turkish  baths  in  Jermyn 
Street,  to  seek  witnesses  who  have  experience  in  working  in  high  temperatures^  e.g.,  engizwers  and 
stokers,  and  men  who  work  in  the  baths. 

W.  G.  ABiisKEtom 

Idte.  WiLLiAS  Bbthah,  Bose  Bridge  Colliery,  Wigan,  examined. 

11S6.  (Chairman.)  Touhavebeen  good  enough  to  depth? — ^We  are  canrying  that  and  another  shaft  to  a 

said  UB  a  written  statement  of  thermcmietricai  obaer*  greater  depth.   

vationa  taken  in   Boae  Bridge  Colliery,  Wigan.       1130.  Which  ia  the  other  shaft  ?— The  one  which  is 

Yonr  first  column  eonbdns  the  name  of  the  mine,  working  the  Wigan  four  feet. 

There  are  three  difieient  mines,  namely,  the  Wigui       1181.  What  la  the  greatest  depth  which  you  have 

five  feet,  the  Wigan  four  feet,  and  the  cannel  ? — Yea ;  now  attained  in  each  of  those  shafts  ? — Up  to  the 

we  have  three  shafts  to  those  aeams.  present  time,  792  yarda  in  both  the  ahafts.   They  are 

1127.  The  first  one,  namely,  the  Wigan  five  feet,  both  down  to  the  same  depth. 

being  450  yards  deep,  the  Wigan  four  feet  being  470       1 132.  Are  the  two  shafts  side  by  ride,  or  are  they  in 

yards  deep,  and  the  cannel  600  yards  deep  ? — Yes.  different  places  ? — ^They  are  20  yards  apart. 

1128.  Is  the  cannel  mine  one  which  you  are  sink-  1133.  The  depths  which  you  have  given  us  in  thia 
ing  still  deeper  ? — Yes ;  we  are  sinking  below  that.  table  in  these  particular  mines  are  only  470  yards  in 

■    liao.  You  are  carrying  the  same  shaft  to  a  greater  one,  and  600  yards  in  the  other.   At  what  depth 

T  4 
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64  were  these  obaerrAtions  made? — Those  were  obser- 
Mr.  W.'  vations  made  in  tbe  mine  itself,  in  the  workings. 
Brihm.      You  hare  had  another  paper  from  me. 

  1134.  At  what  period  were  these  observations 

IS  Jam  1M».  nifldfi?— On  Juno  the  9th,  1868. 

  1185.  Was  tibat  a  considerable  time  after  the  mine 

had  been  opened  ? — Yes. 

1136.  Not  during  the  sinking  of  the  mine? — ^No. 
These  are  observations  made  after  the  mines  had  been 
opened  for  three  or  four  years,  and  one  of  them  had 
been  opened  for  nine  years. 

1187,  I  observe  that  at  a  depth  of 470  yards  in  the 
Wigan  four  feet,  and  at  a  distance  of  200  yards  from 
the  shaft,  your  temperature  was  only  66  degrees  in 
the  coal  ? — Yes ;  in  the  strata. 

1188.  But  that  diBtance  isa  very  short  one  from  the 
shaft  ?— Yes. 

1139.  Taking  the  next  distance,  namely,  360  yards, 
the  temperature  was  somewhat  higher,  name^,  70 
degrees? — ^iW  was  in  the  working  faoe  of  the 
coal. 

1 140.  But  in  the  hole  ?— Yes. 

1141.  Do  you  consider  that  that  difference  of  tem- 
perature is  due  to  the  greater  distance  from  the 

shaft  ?  I  conuder  that  ti^  i-educed  temperature  is 

dne  to  its  having  been  exposed  to  a  current  of  air  for 
three  years,  and  that  the  temperature  at  the  face  is 
the  natural  temperature  of  the  strata. 

1142.  As  to  the  smaller  temperature  of  66  degrees, 
it  is  not  in  the  coal  where  it  is  being  worked,  but  in 
the  side  of  a  passage  ? — Yes, 

1 143.  Then  we  may  consider  that  70  degrees  is  the 
normal  temperature  of  the  ooal,  but  thai  by  exposure 
it  has  become  reduced  to  66  degress  ? — Yes  ;  by  ex- 
posure for  three  years, 

1144.  But  at  the  working  face,  when  you  are 
constantly  exposing  a  new  snr&ce,  the  tonperature 
would  he  maintained  at  70  d^rees  ? — Yes. 

1145.  In  the  next  series  of  observations,  namely,  in 
the  oannel  at  a  depth  of  600  yards,  and  at  a  distance 
of  215  yards  from  the  shaf^  yon  have  a  temperature 
of  65  degrees  ? — ^Yes,  inside  the  hole,  in  the  sdid 
strata. 

1146.  Is  that  in  a  place  which  ia  now  exposed  ?— 
It  has  been  exposed  to  a  strong  current  of  air  for 
nine  years. 

1147.  What  is  the  depth  of  the  hole  in  each  of 
these  places  ? — It  is  three  feet  deep. 

1148.  You  have  not  a  return  of  the  temperature  of 
the  coal  at  the  working  &ce  in  the  cose  of  the 
greater  d^th?— ^o;  we  were  then  bringing  back 
the  pillars. 

1149.  We  will  take  the  next  division  of  your 
table.  Is  this  intended  to  show  the  difference  of 
temperature  due  to  the  different  depth  of  the  hole  in 
the  strata  ? — That  is  in  the  deep  yard  mine.  That  is 
one  of  the  seams  through  which  we  have  gone  in 
sinking  the  deep  shaft.    It  is  673  yards  deep. 

1150.  Is  this  in  the  shaft  or  in  the  workings  ? — In 
the  workings.  At  40  yu^s  from  the  sliaft  the  first 
hole  was  made ;  the  second  hole  was  made  at  150 
yards  from  the  fjiaft. 

1151.  But  both  are  so  very  near  the  shaft  tiiat  they 
may  be  almost  considered  as  virtually  in  it  ? — Yes, 
except  that  in  the  first  c-aae  a  current  of  air  had  been 
passing  for  several  months,  and  the  second  one  is  at 
the  working  face. 

1152.  We  will  take  No.  Ion  the  left-hand  side  of 
the  paper.  It  is  there  stated,  "  Hole  di-iUed  2  feet  6 
inches  deep,  40  yards  i^-om  shaft  in  south  level  in  faliar ; 
thermometer  r^stered  in  open  place  60^,  Tempera^ 
ture  in  hole,  after  remaining  in  from  8  a.m.  May  8th, 
1869,  to  8  a.m.  May  10th,  1869,  registered  70  d^^rees, 
18,000  cubic  feet  of  air  passing  per  minute  dnce 
Christmas  1868,  place  15  reet  wio^  4  feet  b^h,  hole 
diy.**   On  the  opposite  side  yon  have  another  No.  1. 

Sune  hole  drilled  to  3  feet  6  mdies  deep.  Thermometer 
pnt  in  at  12  a,m.,  taken  out  at  5  p.m,,  registered  73^ 
degrees.  Temperature  in  open  place  64  degrees. 
Furnace  low,  an^  air  current  less."   That  difference 


between  70  and  73^  degrees  iB  due  to  the  greater 

depth  of  the  hole  Yes. 

1153.  Were  you  in  the  coal  in  this  place  ? — ^Yes. 

1154.  But  not  newly  exposed  coal  ?— Na 

1155.  Do  you  consider  this  temperature  of  73^ 
degrees  the  normal  temperature  of  the  coal  at  this 
enormous  depth  ? — No,  by  no  means.  It  is  working 
very  slowly  and  had  rather  a  strong  current  of  ur 
passing  it, 

1156.  Have  you  anything  to  show  what  is  the  iKniDal 
tCTiperature  at  that  ^Lepth  Yon  have  that  in  another 
paper.  86  degrees  is  the  nnmal  tempmature  <d  tbe 
strata  at  that  depth ;  that  is  to  say,  at  673  yards 

deep. 

1157.  I  will  now  take  No.  2.  This  is  at  the  same 
depth,  and  it  is  a  little  further  from  the  shaft  ?— I 
should  perhaps  correct  myself,  with  reference  to  No.  1. 
That  is  not  at  the  face. 

1158.  Where  is  it? — It  is  100  yu-ds  or  upwards 
from  the  face,  and  a  current  of  18,000  feet  of  air  is 
passing  ;  that  is  the  cause  of  its  being  brought  so 
low. 

1159.  {Mr,  Dtckinvm.)  It  is  in  the  part  where  the 
ur  is  passing  ? — Yes. 

1160.  {Chairwuin.)  Is  it  in  the  side  of  a  passaged 
Yes. 

1161.  How  long  has  it  herai  exposed  ?-^It  is  the 
same  hole  which  is  drilled  irom  2  feet  6  to  8  feet  6, 
at  40  yards  from  the  shaft. 

1162.  How  long  has  this  been  exposed  ? — ^At  least 
five  months. 

1163.  We  will  go  to  No.  2.  "  Hole  drilled  2  feet 
6  inches  deep,  one  yard  from  face  of  south  level,  150 
yards  from  shaft.  Hole  remained  80  minutes  after 
being  drilled  before  thermometer  was  put  in.  Tempera- 
tui-e  in  place  73  degrees.  Thermometer  put  in  hole, 
and  made  tight  with  clay,  at  8  a.m.,  May  8lh,  1869  ; 
taken  out  May  10th,  1869,  at  8  a.ni.,  registered  844 
degrees.  Hole  almost  full  of  water,  quite  salt ;  air 
passing  2,640  feet  per  minute  "  ? — That  is  at  tbe 
working  face  of  the  leveL 

1164.  Then  this  more  properly  represents  the 
normal  temperature  ?~Yes. 

1165.  Then  we  have  a  second  No.  2.  "  Same  bole 
**  drilled  to  3  feet  6  inches  deep.  Thermometer  pat 
"  in  at  12  a,m.;  taken  out  at  5  pan ,  registering  85^ 
"  degrees  "  ? — Yes. 

1 166.  In  this  case,  at  the  working  &ce  you  only  get 
three  quarters  of  a  degree  extra  heat  by  the  extra 
depth  ? — Yes. 

1167.  Whereas  in  the  other  case,  where  you  have 
had  ft  long  exposure,  you  get  a  di&renee  of  degrees  ? 
—Yes. 

1 168.  We  will  tlien  come  to  the  next  observations 
which  are  entitled,  "  Thermometrical  observations 
"  at  Rose  Bridge  Colliery.*'  You  have  here,  "  May  3rd, 
774  yards  "  ? — Yes.  I  believe  that  that  is  the  last 
wbi(^  you  have  there. 

1 169.  Is  it  in  the  workings  ?— That  is  in  the  shaft. 

1170.  In  newly  e^qKraed  places? — YesL    The  shaft 
progressing  at  the  time,  and  this  is  in  the  bottom 
the  shaft. 

1171.  The  maximum  temperature  which  you  have 
attained  is  91^  degrees  ? — Yes.  That  is  up  to 
May  3rd. 

1172.  Have  you  anything  since  that? — ^Yea.  We 
had  another  hole  pnt  in  on  May  the  19th  at  782 

yards. 

1173.  What  is  your  temperature  there  ? — 92d^rees. 

1174.  Is  there  anything  furth^  ? — That  is  the  last 
which  was  taken. 

1175.  Have  yon  made  any  compntation  of  the  rate 
of  increase  corresponding  to  the  depth  at  these 
different  depths  of  workings  ? — ^Yes. 

1176.  They  do  not  seem  to  rise  accwding  to  a 
uniform  scale,  but  the  increase  seems  to  be  more' 
rapid  at  the  greater^depths? — Yes.  Down  to  about  600 
yards  deep  uie  increase  upon  the  n<ninal  tonpranture 
at  the  snifece  was  about  one  degree  to  every  58  feet ; 
since  that  it  has  increased. 

1177.  Is  it  pretty  uniform  below  tbftt  ?-*!(  vwiw  a 
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Utile,  but  sdU,  taking  it  altogether,  there  is  a  consider- 
able  degree  of  nniformit^  in  the  increase.  We  have 
the  temperature  increasing  from  80  degrees  to  92 
degrees  in  1 82  yards  ;  that  is  as  nearly  as  possible  a 
degree  for  every  45^  feet. 

1178.  Is  not  the  increase  still  faster  as  you  get 
lower  down  ? — At  762  yards  we  have  got  90J  degrees, 
and  at  774  yards  we  have  91^  degrees ;  that  gives  a 
degree  in  12  yards ;  but  we  can  hardly  tdl  to  a  ^Mition 
of  a  degree ;  the  thermometer  maj  change  that  much, 
and  particularly  if  there  is  a  strong  current  of  ur  at 
the  time. 

1179.  Did  these  observations  harmonise  with  your 
experience  in  other  cases  ? — Yea. 

1180.  Yon  do  not  consider  them  at  oU  exceptional  ? 
—I  do  not ;  they  may  vary  a  little,  as  they  do  here  ; 
see  Table.  They  are  not  always  exactly  at  the  same 
rate. 

1181.  Then  would  you  take  it  as  a  fair  assumption 
that  the  rate  of  increase  of  temperature  might  be 
estimated  at  about  one  degree  to  every  54  feet  ?— I 
think  so. 

1182.  With  a  slight  tendency  to  inoease  as  you  get 
lower? — Yes;  that  is  my  experience.  Below  &X> 
jndB  the  increase  of  temp«atnre  is  one  degttte  for 
every  45ifeet. 

1183.  That  would  be  a  very  rapid  increase? — Yes. 
It  has  been  more  rapidly  latterly ;  it  was  not  so  rapid 
within  the  600  yards. 

1184.  At  what  does  it  come  out  from  end  to  end, 
taking  the  whole  thing  ? — Taking  the  normal  tempe- 
rature at  50  degrees,  it  is  as  nearly  as  possible  one 
degree  for  54  feet  upon  the  average. 

1185.  That  would  give  you  a  depth  of  2,700  feet 
for  an  earth  temperature  of  100  degrees? — ^Yes;  that 
is,  supposing  the  increase  to  go  on  as  it  has  done. 

1 186.  Yes  J  at  the  rate  of  one  degree  to  54  feet. 
These  eat  temperatures  being  taken  at  the  bott<Mn  of 
the  slu^  woald  of  coarse  not  be  any  indicatton  of 
the  fur  temperatures  at  distant  workings,  where  a  new 
£ace  has  been  constantly  exposed  ?— Of  course  not. 
I  think  that  you  have  some  other  tmperatnres  taken 
in  the  workings. 

1187.  {Mr.  Vivitm.)  On  the  other  hand,  I  suppose 
that  the  cooling  influence  of  a  distant  current  of  air 
from  the  surface  has  not  yet  affected  that  course  of 
workings  at  the  bottom  of  the  pit  ? — No  ;  those  have 
not  been  exposed  to  a  current  of  air,  or  very  slightly 
indeed. 

1188.  {Chairman.)  It  is  a  constantly  new  face  ? — 
Yea. 

1189.  {Mr.  Dickinton.)  As  to  the  temperatures 
which  yon  have  stated,  what  has  been  the  greatest 
reduction  which  has  been  efifected  by  ventilation  ? — 
Taking  the  nwrnal  state  of  the  strata  600  yards  deep, 
we  have  tiie  tempa«ture  reduced  by  &om  15  to  ^ 
degree^  and  even  more  than  that  in  a  very  strong 
current  of  air, 

1190.  After  what  length  of  time  have  yon  found 
that? — ^1  have  some  experiments  here  which  were 
made  upon  March  8th,  1861.  You  have  the  tempe- 
rature of  the  surface  42  degrees  ;  you  have  the  intake 
air  at  500  yards  from  the  shaft  50^  degrees. 

1191.  What  was  tho  temperature  of  the  strata 
previously  ? — ^The  normal  temperature  of  the  strata 
was  80  d^ees. 

1192.  That  is  a  difference  of  29^^  degrees? — Yes. 
Tliat  is  an  extreme  case.  There  are  other  cases  where 
it  us  not  so  great  as  that.  Then,  at  another,  time  in 
a  current  of  air  of  23,260  feet,  travelling  at  a  velocity 
of  7  feet  per  sectmd,  we  have  tho  temperature  of  the 
intake  air  51  dcffrees. 

1193.  {Mr.  Vivian.)  At  what  distance  ?— That  is 
at  abottt  the  same  distwoe.  The  return  lur  was  taken 
at  the  same  time,  and  after  travelling  2^400  yards 
we  have  the  temperature  of  it  67  d^rees. 

1194.  {Chainnan.)  Those  are  au>  temperatures 
Yes  ;  they  have  nothing  to  do  with  the  strata. 

1195.  {Mr.  Dickinson.)  Can  you  aXao  state  the 
temperature  of  the  miaml  ?— I  canno^  nt  that  par* 
ticidaitime. 
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1196.  {Chairman.)  Can  you  refer  me  to  that  case  ?       A  65 
— ^You  have  not  it  in  the  paper  which  I  have  sent 

you.    This  is  in  the  cannel  mine,  600  yards  deep,  at  ^ryham. 
a  distance  of  500  yards  from  the  shaft,  in  the  main  jg  j^JJTiees 
air-way.  . 

1 197.  It  is  simply  the  temperature  of  the  air  in  a 
main  air-course  ?— Yes.  It  is  what  we  tiUce  fre- 
quently ;  namdy,  the  quantity  of  air  passing,  and  the 
temperature  at  a  certun  point  at  the  intake  and  the 
temperature  at  the  return  near  the  up-ea6t  shaft. 

1198.  Had  this  air  passed  the  working  face  ? — Yes, 
of  some  30  or  40  workmen,  and  it  had  altogether 
travelled  2,400  yards  to  the  up-cast  shaft,  and  th*- 
temperature  was  increased  from  51  degrees  in  the 
intake  to  67^  degrees  in  the  return  near  the  up-cast 
shaft ;  it  was  still  12^  degrees  below  the  normal 
temperature  of  the  strata. 

1199.  {Mr.  Dickinson.)  You  have  been  working 
in  these  high  temperatures  for  ?ome  years  ? — 
Since  1858. 

1200.  What  is  the  highest  temperature  in  which 
you  have  had  miners  working  in  getting  coal  ? — I 
think  that  we  have  had  them  working  at  about  80 
degrees,  in  some  of  the  places  where  there  has  not  been 
a  very  stix>ng  current  of  air.  I  have  not  any  tempe- 
rature here  so  high  as  that,  but  I  have  been  myself 
Itequently  to  ftices  with  a  temperature  of  80  degrees, 
where  there  has  been  only  a  small  current  of  air 
passing. 

1201.  Do  you  find  that  men  can  work  in  that  tempe- 
rature without  shoneniog  the  hours  of  labour  Yes ; 
wo  do  not  find  any  difficulty. 

1202.  What  is  the  diameter  of  that  pair  of  pits 
which  you  are  talking  of? — The  downcast  is  12  feet 
in  diameter,  and  the  upcast  is  16  feet. 

1203.  Was  water  found  in  the  sinkings  P—Yery 
little.  Daring  the  last  fortnight  we  have  got  into  a 
bed  of  strong  rock  with  open  joints,  and  a  little  water 
has  come  out  of  that,  bnt  it  is  very  little. 

1204.  Have  you  found  that  the  cost  of  sinking  has 
much  increased  with  the  increased  depth  ? — It  is 
undoubtedly  increased. 

1206.  What  is  the  price  per  yard  which  it  has  cost 
between  the  600  yards  and  the  792  yards  which  you 
have  reached  ? — ^I  am  not  exactly  prepared  with  that 
information  just  now,  but  I  shall  be  glad  to  furnish  it. 
In  the  16-feet  shaft  we  are,  I  think,  paying  the  con- 
tractor 7/.  10*.  per  yard  for  all  the  labour, 

1206.  Will  the  increased  cost  be  owing  to  the  extra 
winding,  or  does  anything  arise  from  the  iocrefiscd 
temperature  ? — We  have  not  yet  felt  any  difficulty  as 
to  cost  from  the  increased  temperature.  I  do  not 
think  that  that  has  made  much,  if  any,  difference.  It 
is  principally  in  the  winding  ;  we  have  to  wind  it 
twice  ;  we  draw  it  up  to  the  lauding  in  the  canael, 
where  it  is  landed,  to  be  wound  out  in  the  daytime ; 
so  that  it  has  to  bis  handled  twice. 

1207.  There  is  no  delay  to  the  sinkers  in  con- 
sequence of  not  being  able  to  get  the  stuff  up  fast  • 
enough  ? — ^No ;  there  is  a  little  time  lost  in  attaching 

and  detaching  the  ropes,  which  would  not  be  lost  if 
the  sinking  had  proceeded  direct  from  the  surface. 

1208.  Have  you  had  to  tub  any  water  back  from 
these  pits? — We  have  no  tubbing  below  50  yards,  the 
water  being  tubbed  out  to  that  depth. 

1209.  Then  what  water  you  meet  with  in  any  rock 
in  sinking  soon  runs  off? — The  .water  which  we  have 
met  with  in  open  rocks  is  drained  off  in  a  few  weeks. 

1210.  Have  you  considered  the  question  of  intro- 
ducing linings  into  the  air  passages,  so  as  to  reduce 
the  high  temperature  ? — No.  I  think  that  the  only 
lining  which  we  could  iatroduce  would  be  a  current 
of  air.  I  do  not  see  that  any  other  lining  would  at 
all  reduce  the  temperature. 

1211.  When  you  speak  of  a  cnrrent  of  au-,  do  you 
mean  the  ventilating  current,  or  a  cuirent  between  the 
ventilating  current  and  the  face  of  the  coal  ? — I  mean 
tho  ordinary  ventilating  current.  We  have  proved 
that  a  ventilating  current  doee  reduce  the  temperature 
to  a  certain  extent. 

1212.  Willyw  state  \x»  vbat  amount  you  havQ 
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A  66  reduced  the  temperature  of  the  stratum  by  passing 
Mr.  W.  *  current  over  it  r — I  think  that  one  of  the  statements 
Br^iaM.      which  I  put  in  gives  that.    In  the  Wigan  five-feet 

  seam  we  have  it  450  yards  deep,  and  250  yards  along 

15  June  1869.  main  level,  where  there  is  an  air  current  of  21,700 
'  feet  per  minute ;  the  temperature  is  66  degrees  outside, 
and  the  temperature  in  a  hole  drilled  in  the  rock  in 
the  roof  just  over  the  coal,  t£ter  four  yean*  exposure 
to  this  current,  is  64  degrees;  that  is^  two  degrees  less 
than  the  temperature  outside  the  hole.  That  shows 
that  the  temperature  at  the  surface  must  have  been 
higher  than  the  temperature  in  the  solid  strata  at  the 
time. 

1213.  I  suppose  that  you  cover  your  steam  boilers 
with  felt,  or  some  non-conducting  substance  ?  — 
Yes. 

1214.  Do  you  think  that  such  a  thing  would  be 
practicable  for  the  sides  of  coal  levels  ?— It  would,  I 
think,  bo  by  no  means  practicable. 

1215.  You  think  that  non-conduction  of  heat  there 
must  be  done  by  introducing  air  ? — ^Yes, 

1216.  Do  you  consider  that  the  hardness  of  the 
strata  in<sreases  with  the  depth  ? — No. 

1217.  Or  the  specific  gravity  ? — ^No.  I  have  found 
t^e  same  hardness  and  the  same  specific  gravity  of 
the  strata  at  a  very  shallow  depth  as  at  the  greatest 
depth  at  which  I  faAve  yet  discovered  it. 

1218.  Does  the  cost  of  getting  the  coal  increase  wiUi 
the  depth  ? — From  my  experience,  the  wages  paid  to 
the  colliers  do  not  show  much  increase  in  the  cost  of 
getting  the  coal. 

1219.  Can  you  get  as  much  large  coal  at  these  great 
depths  as  in  the  shallow  depths  ? — No.  I  am  sorry  to 
say  that  thero  is  a  little  difficulty  there  ;  the  pressure 
affects  it.  We  cannot  get  so  much  large  coal  as  we  can 
at  shallow  depths. 

1220.  On  what  ^stem  are  yon  working  your  ooal  ? 
— At  600  yards  deep  in  the  cannel  seam  we  work 
upon  a  modified  long^wall  system ;  we  cat  levels  at 
120  or  150  yards  apart,  workiiiig  it  ap  upon  the  long- 
wall  system  s  the  levds  are  generally  12  feet  wide. 

1221.  Haveyoupaok  walk,  so  as  so  take  the  weight 
off  the  coal  ? — ^Tes  ;  we  have  used  all  the  contrivances 
which  we  know  of  in  order  to  keep  up  the  roof ;  but 
at  these  great  depths  we  find  it  much  more  cwtly. 

1222.  {Mr.  Vifjian.)  Is  the  character  of  the  roof 
over  the  coal  altered  at  all  ? — ^Do  you  mean  to  ask 
whether  the  nature  of  the  strata  is  difibrent ;  that  is 
to  say,  whether  it  is  harder  or  not. 

1^3.  la  the  roof  of  a  diflferent  character  now  from 
what  it  was  at  the  shallower  levels  ? — ^In  tiie  cannel 
we  have  the  very  same  roof  at  600  yards  deep  that 
exists  in  the  locality  at  200  yards  deep,  and  yet  we 
have  greater  difficulty  with  it. 

12^  {Mr.  Dickinson.)  Where  you  have  taken 
these  obsiervations,  is  it  not  the  fact  tJiat  the  strata 
are  hemmed  in  so  that  there  is  no  outlet  for  the  tem- 
perature up  to  the  top? — ^Beyond  the  &ct  tiiat  we 
have  wcvked  aU  the  seams  &om  the  surface,  there  is 
of  course  no  outlet  np  to  the  sur&ce  ;  they  jut  up 
against  faults  on  each  side  ;  they  do  not  crop  out. 

1225.  So  that  you  have  not  yet  had  an  opportunity 
of  observing  whether  the  roof  is  varied  as  you  get 
further  on  the  deep,  from  the  simple  fact  that  you 
cannot  trace  it  from  the  crop  downwards,  but  comparing 
it  with  the  roofs  which  you  meet  with  at  shallower 
depths  on  the  other  side  of  the  faults  you  do  not  find 
much  difference  ? — We  do  not ;  the  stratum  is  very 
much  the  same. 

1226.  (Mr.  Geddes.)  Do  you  work  by  the  long-wall 
system  ? — It  is  a  modified  long-wall  system.  We  do 
luvt  work  &e  usual  Derbyshire  long-wall  avaieia ;  we 
drive  to  the  boundary,  and  thm  cat  out  levels  each 
way  in  sections  of  150  yards  ibr  whatever  length  the 
level  may  be  ;  it  may  be  SOOor  400  or  500  yards. 

1227.  Do  you  find  that  better  for  your  ventilation  ? 
—I  have  been  under  the  impression  tliat  it  maintains 
the  airways  better  and  with  less  difficulty. 

1228.  {Chairtnan.)  In  this  cannel  mine,  at  a  depth 
of  600  yards,  what  is  the  greatest  distance  from  the 
foot  of  ^e  shaft  at  which  yon  were  working  ooal  ? 


—The  greatest  distance  la  a  direct  fine  would  be 
about  1,700  yards. 

1229.  What  was  the  normal  temperature  of  the  coal 
at  that  distance  ? — I  have  not  taken  that  out.  The 
greatest  distance  at  which  I  have  taken  the  tem- 
perature is  830  yards  from  the  shaft.  It  was  in  the 
Wigan  five  feet,  and  not  in  the  canneL 

1230.  What  have  yon  to  lead  you  to  the  temper- 
ature of  the  coal  at  this  distant  point  ?  Wliat  would 

yon  assume  it  to  be  from  ^nu*  other  observations  ?  

It  would  be  about  40  yards  above  the  level  of  the 
bottom  of  the  shaft,  and  would  be  about  two 
d^rees  less  than  the  normal  temperature  at  the  shaft. 

1231.  In  your  other  table  you  have  a  normal  tem- 
perature of  83  degrees  at  630  yards.  May  we  call  it 
80  degrees  at  the  particular  place  of  which  yon 
speak  ? — At  600  yards  the  natural  temperatures 
would  be  about  80  degrees  in  any  part  of  the  seam, 
on  the  same  level. 

1232.  That  coal  is  continually  being  worked  away, 
and  a  new  face  is  being  constantly  exposed  at  the 
place  which  yon  speak  of  ? — ^Yes. 

1233.  You  were  working  regularly  ?  Yes. 

1234.  Was  it  a  pkce  which  had  been  long  exposed 
to  the  passage  of  the  air.  Ton  have  spoken  of  a 
case  in  which  the  temperature  of  the  air  was  20 

degrees  below  the  temperature  of  the  mine?  It  was 

a  place  which  had  been  opened  for  eight  or  nine 
years. 

1235.  Was  it  a  place  were  they  were  working? — 
No. 

J  236.  {Mr.  Vivian.)  You  also  spoke  of  the  return 
air  ? — Yes  ;  that  was  the  return  ur  passage  near  the 

up-cast  shfl^. 

1287.  Ai^r  it  had  passed  the  whole  of  the  working 

faces  ? — Yes. 

1238.  All  the  fresh  faces  were  exposed?— Tea. 

1289.  {Chairman.)  Will  you  give  us  the  temper- 
ature at  those  working  faces?  — I  hare  not  got  that. 

1240.  {Mr.  VmoH.)  Bnt  you  have  the  tempmitore 

aftw  the  air  had  passed  all  those  woridng  fhces  ?  

Yes  J  Hmt  18  67^  degrees  after  travelling  2,400  yards 
from  the  down-cast  shaft  to  the  up^cast  sluft.  That 
is  at  600  yards  deep  in  the  cannel  seam.  This  air 
would  have  to  travel  from  a  depth  of  600  yards 
through  the  workings  to  the  rise. 

1241.  {Chairman.)  This  air  has  actually  swept 
against  working  laces  where  the  temperature  of  the 
c«d  would  be  nearly  80  degrees,  and  yet,  after 
passing  the  whole  of  those  faces,  it  arrives  at  the 
up  cast  at  a  tempOTatore  of  67^  degrees  ? — Tes, 
because  the  quantity  of  air  going  is  so  great  in  pro- 
portion to  the  heat  given  off.  We  have  a  low  tem- 
perature, namely,  51^  degrees  to  begin  with  ;  that 
is  in  the  intake  air  course,  at  500  yards  from  the 
shaft,  which  is  as  nearly  as  possible  the  sune  as  at 
the  shaft  ;  and  with  a  current  of  23,260  cubic  feet  of 
air  we  have  the  temperature  at  61^  degrees.  The 
wr  travels  2,400  yards,  and  it  sweeps  from  20  to  30 
working  faces,  and  returns  to  the  shaft  at  67J 
degrees. 

1242.  {Mr.  Vivian.)  That  is  an  increaae  of  16 
degrees  ? — ^Yes, 

1248.  {Chairman.)  {To Mr.  Lindsay  Wood.)  What 
is  the  quantity  of  air  passing  iu  the  case  of  the  Jaiw 

pit,  as  to  which  yon  gave  us  similar  BtatemoitB?  Do 

you  mean  in  the  return  air  P 

1244.  Yes  ?— I  think  that  it  is  about  50,000  cnbie 
feet  where  these  temperatures  were  taken. 

1245.  And  there  the  temperature  will  f<^ow  up  to 
the  temperature  of  the  coal  ? — Yee  ;  but  some  of 
temperatures  which  I  gave,  I  think,  were  rattier 
reduced  below  the  normal  temperature  of  the  return 
air,  .  Possibly  Mr.  Bryham's  temperatures  might  be 
reduced  by  that. 

1246.  {Mr.  Dickimon.)  {To  Mr.  Bryham.)  How 
many  working  faces  will  this  cuiTent  of  air  pass  ? — 
I  think  that  I  should  be  quite  safe  in  siting  30.  I 
have  not  put  them  down ;  IknoWthd  distnct  very 
well.  We  had  at  least  80. 
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1247.  In  working  thfifie  mines  did- you  first  drive 
ont  the  levels  to  the  boimdaries  ?— Yefc 

1248.  And  you  had  as  few  working  feces  fts  poedble 
until  you  got  to  the  far  end  ? — ^Yes. 

1249.  And  you  had  your  working  faces  coming 
backwards  ?— Yes.  We  atop  sliort  at  150  yards  from 
the  boundary,  and  then  we  cut  the  levels  right  and 
left,  and  work  up  brow,  and  then  we  cut  another 
pair  of  levels  at  160  yards  nearer  the  shaft  to  follow 
up  theibrmer. 

1250.  So  that  there  is  a  material  difference  between 
dut  system  and  the  system  in  the  north  of  England. 
You  have  as  fewopeninffs  as  you  can  have  in  the 
commencemeut,  and  theirs  have  all  their  working 
boards  opened  out.  Do  you  consider  that  that  is  a 
very  important  element  in  working  hot  mines,  namely, 
to  have  as  few  surfaces  as  possible  exposed  ? — 
think  that  it  will  be  found  test  to  expose  as  little 
surface  as  possible  until  it  has  opened  out. 

1251.  (  Chairman.)  At  the  time  when  these  observa- 
tions were  taken,  was  the  mine  fully  opened  out? — 
No  J  it  was  not  fully  opened  out  then.  These  obser- 
vations were  taken  in  1861.  We  had  not  got  to  the 
boundary  in  every  direction,  but  we  had  got  to  the 
boundary  in  tiiis  district.  We  have  returns  from 
Other  distoiflta.  There  is  96,400  cubic  feet  of  air 
coming  through  one  passage  from  other  distiicts  in 
which  the  temperature  was  68*75  degrees,  say  69 
degrees.   That  air  has  travelled  2,200  yards. 

1262.  {Mr.  dark.)  X  beUeve  that  you  get  very 
little  water  in  the  mines  ? — ^Very  little. 

1253.  What  is  its  temperature  ? — have  not  taken 
that.  We  have  no  water  in  the  seam  ;  there  is  just  a 
little  in  the  bottom.  The  ashes  of  the  furnace  absorb 
it ;  it  is  so  trifling. 

1264.  {Chairman.)  Having  reference  to  temperature 
alone,  can  you  form  any  opinitm  as  to  what  the  ex- 
treme temperature  of  the  strata  would  be  at  which 
you  could  work  the  mine  ? — Of  course  it  would  be 
tm  opimon.  I  think  that  there  is  a  limit,  and  my 
opinion  is  that  that  limit  would  probably  be  found 
at  a  little  over  1,200  yards.  If  the  temperature 
continues  to  increase  as  it  is  now  increasing,  we 
should  get  up  to  120  degrees  at  a  depth  of  1,200 
yards. 

1255.  (3fr.  Vivian.)  Do  you  think  that  the  cooling 
effect  of  the  air  currents  could  not  be  brought  to  bear 
in  reducing  the  temperature  in  such  a  manner  as  to 
enable  men  to  work  in  mines  of  that  depth  ? — I  think 
ihat  it  is  possible  that  the  temperature  might  be 
reduced ;  it  is  a  question  whethw  it  could  be  com- 
mereudly  praoticaUe. 

1256..  It  appears  that  you  have  approachwl  these 
depths  already  so  fares  you  have  gone,  and  it  appears 
that  your  air  currents  have,  materially  reduced  the 
tempeiature  at  the  working  faces  ?— That  is  only  at 
a  depth  of  600  yards. 

1257.  Have  you  any  idea  of  the  highest  tempe- 
rature in  which  a  man  could  work? — I  hare  often 
been  in  &  l^Lace  myself  at  a  temperature  of  irom 
80  to  8S  degrees.  It  is  not  so  comfortable  as 
working  in  a  lower  temiwrature,  but  still  the  men 
work  in  it  without  any  dimoolty  ;  they  get  accustomed 
to  it.  I  should,  however,  say,  that  that  temperature 
is  justat  the  working  faoe;  a  man  is  not  constantly 
in  that  temperature.  He  can  get  into  a  temperature 
of  perhaps  10  or.  16  degrees  less  by  moving  a  very 
few  yards. 

1258,  (Chairman.)  Taking  everything  into  acconnt 
which  is  calculated  to  reduce  the  natural  temperature 
of  the  mine,  would  you  still  be  disposed  to  assign 
about  1,200  yards  as  the  limit  at  which  it  would  be 

■  commercially  practicable  to  work  coal,  having  refe- 
Tence  to  temperatore  alon6  ? — I  think  so,  taking  the 
traiperature  alone,  and  assuming  that  the  increase 
continues  at  the  rato  of  one  .degree  for  every  46  feet 
deep. 

1269.  (JMr.  Vivian.)  That  is  an  opinion  ?— That  is 

Tjy  dpiiHMi,  speaking  from  present  experience. 

1260.  {Mr,  ff^odhows€.)\TlaA  iff  in  Laneafihire. 


Has  your  experience  extended  to  any  other  district  ^  g*r 
of  very  deep  working  ?---No.  \^ 

1261.  So  that  you  cannot  form  any  opinion  as  to  Bryham. 
whether  the  increasing  temperature  would  be  uniform 

over  the  coalfield  ?— No.  >8  Jane  1869. 

1262.  {Mr.  Geddes.)   When  you  use   the  word     — — — 
commercially,'*  what  price  do  you  suppoRc  the  coal 

to  bring ;  do  you  mean  the  present  price  ? — No  ;  I 
assume  that  the  price  would  be  increased,  probably 
50  per  cent. 

1263.  {Mr.Vivian,)  What  proportion  does  the  mere 
labour  of  hewing  bcai*  to  the  whole  cost  of  getting 
coal,  and  landing  it  at  the  surface  ? — The  proportion 
which  the  hewing  bears  to  the  entire  wages  is 
perhaps  about  one  tbii-d. 

12^.  I  refer  to  the  proportion  which  the  hewing 
bears  to  the  whole  cost  of  delivering  the  coal  at  the 
pit's  month  ?— It  varies  according  to  circumstances. 
The  cannel  seam,  for  instance,  costs  us  considerably 
more  for  hewing  than  the  coal  seams. 

1265.  What  is  the  average  proportion  of  the  cost 
of  hewing  in  the  Lancashire  district,  where  you  have 
had  experience  ? — I  am  afraid  that  I  cannot  give  a 
correct  answer  to  that  question,  as  it  is  so  veiy 
variable. 

1266.  Would  it  bear  an  average  of  one-fifth  of  the 
whole  cost  ? — At  a  guess,  I  should  think  that  it 
would  not  exceed  one-fifth,  taking  the  cost  of  coal 
and  canuel  together. 

1267.  {Mr.  Geddes.)  Do  you  include  the  landlord's 
royalty  in  that  ? — Yes ;  the  total  cost  of  the  coal  as 
delivered  to  the  customer  at  the  pit's  top,  including 
the  royalty,  the  redemption  of  capital,  and  all  other 
expenses. 

1268.  {Mr.  Dickinson.)  As  far  as  you  have  had 
experience,  is  it  fbmid  that  the  high  temperature  leads 
to  any  disease  on  the  part  of  the  men  ? — I  have  not 
yet  found  any  complaints  of  that  sort. 

1269.  You  have  not  found  that  it  leads  to  con- 
-sumption,  or  anything  of  that  kind  P — No. 

1270.  {Chairman^  What  is  the  highest  temperature 
at  which  the  men  are  required  to  work  in  this  cannel 
pit  600  yards  deep  ? — The  general  temperature  in 
which  the  men  arc  wortting  would  probably  be  from 
65  to  70  degrees ;  but  there  are  extreme  cases  in 
which  the  men  are  working  at  from  80  to  82  degrees. 
But  X  have  seen  the  same  thing  under  pectdiar 
circumatanees  at  300  yards  deep.  The  temperatures 
which  I  have  just  been  giving  the  Commission  are 
the  extreme  temperatures,  first  in  the  int^e  and  then 
iu  the  return. 

1271.  Then  it  comes  to  this,  that  your  air  tempera- 
ture at  that  depth  is  10  decrees  less  than  at  Monkwear- 
inouth,  because  there  the  general  temperature  all  over 
the  place  is  80  degrees,  against  yours  of  70  ? — ^I  should 
think  that  it  would  vaiy  according  to  the  current  of 
air. 

1272.  {Mr.  Dickinson.)  Is  not  the  system  of  working 
at  Monkwearmouth  very  different  7 — ^I  do  not  know 
that  the  system  of  working  would  make  much 
difference.  Tiusy  wcnrk  on  the  long-wall  ^tem,  as  I 
understand,  at  Monkweaimouth. 

1273.  But  not  from  the  extremities,  but  towards 
the  extremities;  whereas  your  system  of  working  is  all 
from  the  extremities  ? — Yes. 

1274.  How  many  levels  did  you  open  out  P  -^Three 
levels  in  each  district 

1276.  {Mr.  Woodhouse.)  The  distance  which  you 
have  hitherto  had  to  drive  otU  from  the  boundary 
has  not  presented  any  obstacle  to  the  passage  of  a  free 
current  of  air ;  I  have  understood  you  to  state  1,700 
yards  ?— That  is  the  extreme  length  to  which  we 
have  been. 

1276.  My  mind  is  directed  to  the  lower  seams  ?— 
The  same  would  apply  to  the  lower  seams. 

1277.  You  are  limited  to  the  same  distance  in  the 
lower  se>sm  ? — ^Yes.   We  have  only  about  250  statute 

'  acres,  so  that  the  worUngs  which  are  open  at  one 
time  may  perhaps  never  be  so  great  as  in  more 
*  extensive  collieries. 
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1 278.  {Mr.  Vivian.)  Wliat  is  the  actual  depth  txm 
which  you  wind  ? — 600  yards. 

1279.  Do  you  find  any  difficulty  in  one  lift  from 
that  depth  ?— No. 

1280.  Have  you  round  ropes  ? — ^We  have  steel  flat 
ropes  at  that  depth.  I  had  some  thoughts  of  intro- 
duciug  round  ropes  for  a  neater  depth,  in  order  to 
economise  the  power,  but  I  am  not  quite  satisfied 
with  my  experience  of  round  ropes  at  500  yards. 

1281.  Have  you  seen  the  spiral  drum  ? — ^We  have 
one  at  work  at  500  yards  deep. 

1282.  Upon  what  principle  is  that  spiral  drum  con- 
ducted ;  does  each  turn  of  the  rope  fit  into  a  groove  ? 
—Yes. 

1283.  Have  you  found  any  difficulty  in  it  ? — No. 

1284.  Does  not  it  give  you  a  great  advanti^  in 
lifting  from  the  bottom  ?--Yes ;  there  is  a  sa^ng  in 
the  ropes,  and  it  is  better  in  lifting  from  the  bottom. 
We  have  the  same  progressive  diwneter  up  to  Ae  end. 
The  difficulty  of  round  ropes  is  that  they  are  apt  to 
twist  the  cage,  and  a  flat  rope  has  not  that  tendency. 

1285.  {Mr,  Woodhouse.)  the  drum  which  you 
have  described,  constructed  with  an  internal  or  an 
external  cone  ? — ^With  an  internal  cone.  The  large 
diameter  is  on  the  outside,  and  the  pull^  points  to 
the  extreme  diameter. 

1286.  {Chairman.)  Ton  have  stated  that  the  most 
general  temperature  at  the  working  faces  in  this 
cannel  mine,  at  the  depth  of  600  yards,  is  about  68 
or  70  degrees  ?— About  70  degrees. 

1287.  That  is  about  10  degrees  below  the  normal 
temperature  of  the  coal  ? — ^Tes. 

1288.  But  in  the  particular  example  which  you  gave 
ns  just  now,  where  the  air  has  passed  all  these  work- 
ing faces,  and  where,  accoi'ding  to  what  yon  now  teU 
UB,  the  temperature  would  be  about  70  degrees,  after 
passing  all  those  feces,  what  is  the  temperature  ? — ■ 
67^  degrees  in  one  case  and  68^  d^rees  in  another. 

1289.  That  would  be  from  12  to  13  degrees  below 
the  normal  temperature? — ^Yes. 

1290.  So  that  the  air,  after  sweeping  over  the  whole 
of  those  faces,  is  actn^ly  cooler  than  at  the  faces 
themselves  ? — In  this  case  it  was  so.  The  air  is  split 
into  two  currents  at  the  faces,  and  they  both  join 
together  in  the  return. 

1291.  iMr.  DicHnwn^  And  there  may  be  leakages 
from  the  mtake  into  the  return  ? — Yes. 

1292.  {Chairman^  Is  the  air  diluted  by  colder  air 
on  its  way  back  ?— Yee,  to  a  trifling  extent^  by 
leakages. 

1298.  How  do  you  account  for  its  getting  cooler  ? — 
Becanse  the  ur  current  is  so  great.  I  am  speaking 
now  about  the  actual  faces.  In  a  cutting  where  the 
ur  cannot  be  sent  in  a  large  current  dose  against 
the  face  the  temperature  would  be  high,  and  at  a 
very  few  yards  back  the  temperature  may  be  15  or  20 
degrees  lower.  A  portion  tn  the  air  never  touches 
the  face  of  the  coal. 

1 294.  Then  a  truer  criterion  of  the  temperature  in 
which  tiie  men  have  to  work  would  be  the  tempera- 
iMxre  of  the  air  at  the  working  surfece  ? — ^Yes  ;  which 
I  say  is  about  70  degrees. 

1295.  Then  your  observations  come  to  this,  that  it 
is  possible,  by  a  very  free  circulation  of  air,  to  bring 
the  temperature  of  the  air  at  the  working  fiw»s  10 
degrees  below  the  temperature  of  tiie  coal?— Yes ;  I 
would  not  limit  it  to  10  d^;rees. 

1296.  But  in  this  case  it  is  10  degrees  ?— Yes.  At 
a  moderate  distance,  with  usfficient  air  ^ac^  you 
could  get  more  than  that.  With  a  large  volume  of 
tXt  you  could  reduce  a  hig^  temperatore  80  or  40 

degrees. 

1297.  Then  you  would  have  no  difficulty  in  wwking 
at  a  mudi  greater  temperature  than  you  do  now? 
»That  brings  in  the  qnestioa  of  the  size  of  the  air- 


ways and  shafte.  At  1,200  yards  deep  my  opinion  is 
tltst  it  would  be  more  difficult  to  get  suffident  air  to 
overcome  the  extreme  temperature  at  that  depth ;  yoa 
vrould  want  greater  shafts. 

1298.  {Mr,  Woodhou$e.)  Would  that  be  irre- 
spectively of  whether  you  ventilated  by  a  furnace  or 
by  mechanical  power  ? — There  would  be  a  differraice 
in  that  respect.  You  might  by  mechanical  means  and 
great  cost  increase  the  speed  at  which  the  air  would 
travd ;  but  I  think  that  at  that  depth  a  inmace  would 
be  more  eeontHnical. 

1299.  {Mr.  Vivian.)  Have  yon  had  any  experience 
of  coal-cutting  machines? — nave  had  a  littto  expe- 
rience of  them.  I  have  tried  them  for  the  last  four  or 
five  years,  and  the  result  has  not  been  at  all  satis&c- 
tory. 

1300.  Have  you  ever  made  any  e3q>eriment8  of  the 
cooling  eflect  of  the  air  at  a  high-pressure  from  a 
madune  ?— No ;  it  has  been  generally  in  a  ^ace 
where  there  has  been  already  plenty  of  Tentilation, 
and  I  could  not  see  any  diflference. 

1301.  Have  you  ever  directed  your  attention  to  a 
reduction  of  the  temperature  at  the  woiiiing  fiace  ? 
—Yes, 

1302.  You  merely  gel  your  ventilation  in  an  ordinazT 
way,  and  not  with  reference  to  the  iqiedal  |dace? 
—Just  so. 

1303.  {Mr.  Dickinson.)  I  think  that  these  are  all 
minee  which  give  off  fire  damp  ? — ^Yes  ;  the  cannel 
gives  it  off  very  freeiy.  {7%e  witneM  delivered  in  ik€ 
foUowinff  documents.) 


Rose  Bridge  and  Douglas 

Bank  Collieries,  Wigan, 
Sir,  May  11th,  1869. 

Agreeable  to  your  request,  I  beg  to  endoee 
th^mometrical  observations. 

I  r^ret  to  say  business  eogagements  prevent  my 
having  the  honour  of  a  personal  interview  at  your 
meeting  to-morrow. 

You  will  perceive  from  the  last  observations  the 
diflbrence  between  the  temperature  shortly  after  the 
drilling  of  the  bole  and  that  taken  wmie  time  after  is 
very  slight, 

I  do  not  anticipate  much  difficulty  from  the  tem- 
perature at  onr  depth  (which  will  be  about  800  yards). 
We  shall,  of  course,  require  a  strong  current  of  air, 
which  can  only  begot  by  bu^  shafts  and  ur  passages. 

My  experience  leads  me  to  believe  that  onr  greatest 
difficulty  will  be  in  dealing  with  die  roof  and  floor  of 
the  seams  at  great  depths.  I  find  that  ibe  too£  and 
floor  of  the  same  seams,  and  composed  of  the  same 
sbvta,  are  much  more  difficult  to  deal  with  at  plater 
than  at  moderate  depths. 

For  instance,  the  yard  coal  at  673  yards  deep  has 
what  is  generally  termed  a  strong  shale  roof ;  but  I 
find  it  will  not  stand  a  single  day  without  timber, 
after  the  coal  is  removed  ;  whereas  the  same  seam 
with  a  similar  rof^  on  the  other  side  of  m  upthrow 
fanlt  <ii  550  yardE^  and  at  120  yards  deep,  requires 
very  little  timber,  and  is  considered  a  very  good  roof. 

Ferha{»  the  pent-up  gases,  and  the  action  of  the 
cooler  and  moist  atmosphere  upon  the  warm  strata, 
may  have  sranething  to  do  with  Ininging  the  roof 
down. 

I  regret  my  engagements  wOl  not  at  jffeaent  permit 
me  to  go  more  fully  into  tiiis  subject.  I  shalC  how- 
ever, have  great  pleasure  in  giving  yon  any  infbnua- 
tion  I  may  be  possessed  of,  at  some  future  ttmft 

I  have  tiie  honour  to  b^ 
Sir, 

Yonr  obedient  servant. 
To  Sir  W.  Armstrongs  Wic.  BBXH41I. 

Qfaairmau  of  Coal  Coxomiflsion. 
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Kane  of  KQne. 


Wigm  5  feet 

Ditto 
WigBQ  4  fept 

Ditto 
Caxmel 


Depth 
Sarftce 


Digtance 

from 
Shaft  in 


in  Yards.  Yards. 


Cabio  Veet  of  Air  passing. 


Area  Velocily,  Total 
in     Feet  per  Feet  per 
Feet,   mmite.  Hinnte. 


Tempera- -p^ 
ture  in 
Uie  Air 
Course. 


Fahr. 

Fair. 

450 

950 

62 

350 

21,700 

66° 

64" 

» 

8»0 

4 

140 

560 

70" 

76" 

470 

900 

43 

S20 

9,460 

62" 

66" 

t* 

S60 

16 

140 

2,240 

66" 

70" 

600 

215 

62 

440 

27,280 

63" 

65" 

empera- 
ture  in 
the  Hole. 


Bekabkb. 


A  69 

Mr,  W. 
15  June  1869* 


The  hole  in  strong  white  rock,  after  being 
exposed  to  air  carrent  4  years. 

In  coal  at  working  flice,  north  level 

Main  north  level,  in  coal  baring  been  ex- 
posed to  ur  carrent  3  years. 

In  coal  at  woiking  ftce,  place  fresh  cat. 

Main  north  level,  exposed  to  air  carrent  9 
years. 


Tbe  above  holes  drilled  3  feet  deep,  made  air-tight  with  day,  Sic ;  remained  in  bole  Iti  boors. 
Temperature  at  surface  58°  out  of  son ;  time  of  day,  7.30  a.m.  June  Stli,  1868. 


Deep  "  Tabd  Mike."   Depth  from  Surface  673  Tards, 


No.  1.— Hole  drilled  S  ft.  8  in.  deep.  40  yards  from  shaft:,  in 
south  level,  in  pillar.  Thermometer  registered  in 
open  pUce  60^° ;  temperature  in  bole  after  remaining 
in  from  8  a.ni..  May  8tb,  1869  to  6  a.m.,  May  lOtb, 
1869,  rc^iistered  70°  ;  18,000  cnbie  feet  of  air  passing 
per  ininate  since  Christmas  1868  ;  place  16  feet  wide 
by  4  feet        ;  hole  dry. 

Ko.  2.— Hole  drilled  2  ft.  6  in.  ieep,  1  yard  from  fiu:e  of  south 
levels  150  yards  from  sbw;  hole  remaned  80  minutes 
after  being  drilled  before  thermometer  was  put  in ; 
temperature  in  place  7S°.  Thermometer  put  in  bole 
and  made  tight  with  clay  at  8  sum.,  Sby  8th,  1869, 
taken  out  May  10th,  1869,  at  8  8.m.,  regutered  84^". 
Hole  almost  full  of  water,  qoite  salt;  air  passing 
2,640  feet  per  minute. 


No.  1.— Same  bole  drilled  to  S  ft.  6  in.  deep.  Thermometer 
put  in  at  12  a.ni.,  taken  out  at  5  p.m.,  registered  73^; 
in  open  place,  temperature  64" ;  furnace  low,  and  air 
current  less. 


No.  2. — Same  hole  drilled  to  3  ft.  6  in.  deep.  Tbeimometer 

£ at  in  at  12  a.m.,  taken  out  at  5  pjn.,  i^^jstering  85^**; 
1  opot  place,  1  yard  from  ftee,  7^. 


Date. 


Depth 

in 
Yards. 


Strata. 


Tempera-  Tempera- 


ture in 
Pit 


tare  in 
Solid. 


Remasxb. 


July,  1854 
Angost,  18.54 
May,  1858 
July,  1668 
May  IStfa,  1868  - 
Jn^  3401,  1868 
April  19tib,  1869  - 
November  18di,  1868 
February  22nd,  1869 
March  12th,  1869 
April  17th,  1869 
*  May  3rd,  1868  - 


161 
188 
550 
600 
630 
665 
673 
700 
736 
748 
762 
774 


Blue  shale 
Warrant  earth 
Blue  shale 
Warrant  earth 
"  Raven"  coal 
Strong  shale  - 
"Yard  coal"  mine 
Strong  blue  metal 

Ditto 
Shale 

Strong  shale  - 
Ditto  - 


Fabr. 


73" 
75" 
76" 
76" 
76" 
77" 
78» 
80" 


All  boles  vertical  in  solid,  at  bottom  of  pit, 
drilled  with  water,  1  yard  deep,  and  ther- 
mometer remained  in  liole  30  minutes,  and 
made  air-tight  irith  day. 


*  Hole  drilled  and  allowed  to  stand  8  hoars 
before  thermometer  was  pat  in,  and  takm  onr 
after  remaining  in  hole  12  boors,  rqjftering 
90^",  at  774  yards  deep. 


Quantity  of  Aib  and  Teuperatube  in  Cannbl  Mihe,  Boss  Bbidoe  Colliert. 


Date. 


Hoar  of 
Day. 


Cable 

Distanoe,Feetor  Air  Tempo- 
■      '  rature 


District  Intake    .  .      _  . 

orE*t«m.      Ifr^^Ktl  p«J« 

r  I  VbuOt. 


of  Air. 


Tom-  Tempe-| 
peraturo  rature  ( Tempe- 

Bottom  5|^t: 
of  Down-  20  yds.  gnrhm. 
«a.lPifc|down.  1^""*^ 


Baro- 
meter 

at 
Burftee. 


Abiubes. 


1867. 
Aag.  asd 


Aug.  S4tb 


11  a.m. 
11.30 

1  p.m. 

2  pjn. 
2.30 

S  p.OL 
10  ajn. 

9.30 

10  a.m. 
10.30  a.m. 

11  ajn. 
11.80 


No.  S,  N.E.  I. 
No.  2,  N.W.I. 
Tunnel  I. 
No.  2,  S.W.  I. 
No.  1,  N.W.I. 
No.  1,  S.W.  L 
N.  level  L  - 

N.  level  R.  ■ 
EastR. 
No.  1,N.W.R. 
TonnelB.  - 
No.  1,8.W.B. 


585 
576 

55 

70 
120 
330 
260 

NeariHt 


8,800 
19,200 

8,740 

5,600 
12,480 

4,800 
29,700 

11,200 
19,720 
11,200 
7,200 
12,600 


Fahr. 
68" 
68" 
70" 
70" 
70" 
70^ 
68* 

74" 
74" 
74° 
69* 
76" 


Fahr. 

68" 


68° 


Fahr. 
102" 


107" 


Fabr. 

67*' 


29-35 


N^.—"!."  means  intake  I  **B.'*  means  retoro. 
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A  70 

Mr.Lbtdtag 
Wood. 

Iff  Jate  1869. 


Nr.  LiNi>aAT  Wood  farther  examined. 


1304.  {Chairman.)  Tou  have  heard  Mr.  ^^ryham's 
evidence  in  which  he  has  mentioned  certain  casea  in 
a  very  deep  working  of  a  cannel  mine  of  600  yards, 
in  which  ^e  temperature  of  the  air  at  the  workiug 
fkces  is  aboat  70  degrees,  the  natural  temperature 
bang  about  80  d^;rees.  In  the  first  idace,  I  wish  to 
know  from  you  whether  that  difference  of  temperature 
between  the  temperature  of  the  coal  and  Ute  t^pe- 
rature  of  the  air  coinddes  with  the  temperature 
which  you  have  observed  in  the  deep  woi^ings  in  the 
Jane  pit  ? — It  does  not  ^ee  with  the  experiments 
I  have  made  in  the  Jane  pit.  The  temperature  in 
the  places  where  the  men  are  working  (not  in  the 
airways  at  a  short  distance  tmm  them)  was  pretty 
nearly  the  same  as  that  of  the  coal,  or  within  a  degree 
or  two. 

1305.  Ton  speak  of  the  place  whoe  the  men  are 
working  close  up  to  the  coal  ?— Yes. 

1306.  (Ta  Mr.  Bryham.)  Do  you  speak  of  the  same 
place  ? — I  do. 

1307.  {ToJi^.  Wood)  That  being  the  case,  to  what 
extent  do  your  observations  di&r  Sam  Mr.  Bryham's  ? 
— ^I  do  not  find  so  great  a  reduction  of  temperature. 
The  air  is  heated  up  nearly  to  the  temperature  of  the 
coal  by  the  time  that  it  gets  amongst  tJie  men. 

1308.  In  your  observations  is  the  air  brought  up  to 
the  face  at  a  low  temperature,  or  does  it  acquire  this 
temperature  before  reaching  the  face  ? — It  acquires  it 
as  it  passes  from  the  downcast  shaft  to  the  working 
feces. 

1309.  In  passing  from  the  downcast  shaft  to  the 
working  faces  does  it  pass  through  a  passage  which 
has  been  long  opened,  and  long  exposed  to  the  passage 
of  air  ? — Yea  ;  a  portion  of  it  has  been  exposed  for  a 
aeries  <^  years ;  the  part  nearest  to  the  working  faces 
has  been  exposed  for  only  a  short  time. 

1310.  Tou  have  heard  Mr.  Bryham's  descripti<m  of 
the  mode  which  is  practised  of  opening  the  coal  field 
in  LancashuQ,  to  which  he  attributes,  or  to  which 
some  members  of  the  Comimttee  at  aU  events  have 
attributed,  the  superior  advantage  with  regard  to  the 
temperature  at  which  the  air  is  delivered  at  the  work- 
ing face?— Tee. 

1311.  You  underatand  that  method  ?  Inwhatreepect 
does  that  method  dififer  from  that  which  is  practised 
in  Durham  and  Northumberland? — I  do  not  think 
Uiere  is  any  difference  between  the  two  systems  until 
after  the  aii'  reaches  within  a  abort  distance  of  the 
working  places.  In  Uie  case  Mr.  Bryham  has  quoted 
the  air  is  taken  in  a  single  drift  for  1,700  yards 
(which  happens  to  be  the  boundary  of  the  royal^). 
In  the  north  we  do  the  same  thing.  If  the  distance 
is  short  the  air  is  taken  in  a  single  drifts  if  the  dis- 
tance is  long  (from  8,000  to  4,000  yards)  two  intake 
drifts  are  used.  But  the  Lancashire  s^item  differs 
from  that  of  the  north  the  lur  being  taken  in  a 
body  along  the  face  of  the  long-wall  work,  where,  as 
in  the  north,  it  is  taken  along  tho  bords  and  vndls 
of  the  piUar  workings  in  smdl  splits  by  means  of 
brattice. 

1312.  We  wish  to  iwcount  for  the  apparent  discre- 
pancy which  exists  between  your  statement  and 
Mr.  Bryham's.  After  seeing  the  diagrams,  and  giving 
mutual  explanations,  do  you  think  that  with  your 
system  of  working  the  lur  is  exposed  to  a  larger 
heating  suriace  than  in*  the  system  of  Mr.  Bryham  ? 
— I  tlmik  that  as  the  aur  passes  round  the  working 
places  it  will  be  exposed  to  a  greater  heating  surface. 

1813.  So  that  in  your  system  the  diflferenco  between 
Ute  temperature  of  the  coal  and  the  temperature  of 
the  air  ou^t  to  be  less  tban  it  is  in  Mr.  Bryluuu*s 
system  ?-— Yes. 

1814.  That  it  does  not  arise  from  the  air  being 
delivered  at  the  working  sur&ce  at  a  lower  tempera- 
ture, but  from  its  acting  upon  a  larger  extent  of 
working  face  than  in  the  system  which  you  have 
described  ? — Yes. 

1816.  Then  would  you  anticipate  that  if  you  adopted 
tfaelong-waU  (system  in  very  deep  workLgs  in  the 


Hetton  district  you  would  be  able  to  keep  down  the 
temperature  of  the  air  to  a  much  greater  extent  than 
you  do  at  present  ? — I  cannot  say  that, 

1316.  I  suppose  that  you  would  adopt  the  long-wall 
nrstem  with  a  view  to  z^nce  Ibe  temperature  ? — ^By 
uie  long-wall  system  the  au-  would  be  kept  together 
in  greater  quantities  than  by  the  bord  and  pillar 
system. 

1817.  The  communication  of  heat  must  be  in  propor- 
tion to  the  amount  of  heating  surface? — Yes.  I 
should  think  that  the  temperature  of  the  air  would  be 
reduced  by  working  upon  the  long-wall  ^stem,.  pro- 
vided you  get  a  larger  quantity  o£  air  going  across 
the  faces  in  one  body. 

1318.  {Mr.  Geddes.)  Does  the  natiuB  of  your  coal 
prevent  your  adopting  the  long-wall  system,  or  is 
there  an^  reason  why  the  bord  system  is  pr^erred  ? 
— We  tned  a  modification  of  the  long-wall  system  in 
one  of  the  Hetton  pits  some  10  or  12  years  ago,  and 
we  found  that  the  nature  of  the  roof  would  not  admit 
of  our  continuing  to  work  it, 

1319.  Did  you  obtain  more  large  coal  or  leas  ? — We 
obtained  less. 

1320.  {Chaimum,)  Then  do  you  say  that  the  long- 
wall  system  would  be  impracticable  in  your  case  ?  

I  do  not  think  that  it  is  impracticable,  but  I  do  not 
think  that  we  should  get  so  much  round  coal  by  it 
as  we  do  now,  and  it  was  more  expensive  than  the 
present  systmi. 

1321.  {Mr.  Gedde$.)  How  long  did  you  work 
upon  that  system  ? — Three  or  four  years. 

1322.  What  was  the  acreage  worked  ? — I  do  not 
recollect  the  acreage,  but  a  considerable  quantity  was 
taken  ont, 

1323.  Has  the  system  whidi  you  have  mentioned 

been  the  general  system  pursued  in  that  district  ?  In 

some  collkries  they  are  now  working  upon  the  long- 
wall  system,  but  it  raitirely  depends  upon  the  nature 
of  the  roof  and  floor  whether  it  can  be  done  satisfac- 
torily or  not. 

1324.  What  would  be  the  depth  upon  the  long-wall 
system  ? — ^At  Hetton,  where  we  worked  by  the  long- 
wall  system,  it  would  be  about  1,400  feet  below  the 
surface. 

1325.  Do  you  agree  with  the  opinion,  that  as  you 
increase  the  depth  of  working  the  pressure  of  the 
superincumbent  strata  or  the  crushing  into  the  ooal 
produces  less  large  coal  ? — We  have  general^  fbund 
that  the  lower  seams  are  not  so  hard  to  wo^  as  tbe 
more  shallow  seams. 

1326.  (CKatraton.)  Do  you  attribute  that  to  the 
pressure  of  the  coal  tending  to  break  it  up,  or  to  what 
do  you  attribute  it  ? — I  wink  that  it  is  due  to  the 
chtuncter  of  the  seam,  because  we  have  some  voy 
tender  seams  near  the  surfaee. 

1327.  {Mr.  Woodhouae.)  Li  working  upon  the  long- 
wall  system,  do  you  find  any  difficulty  arising  from 
insufficient  materials  to  form  the  g^ways  ? — ^I  think 
that  was  one  of  the  difficulties  in  making  the  gat^ 
ways.  There  was  also  the  upheaving  of  the  flooTi 
which  caused  it  difficult  to  keep  the  roads  open. 

1328.  Did  you  try  a  system  of  roads|ui  the  solid  coal 
or  drifts  in  places  so  as  to  avoid  the  gate  passages^ 
I  refer  to  driving  drifts  at  intervaU  of  50  or  60 
yards,  and  then  bringing  the  whole  back  ?— No ;  where 
we  are  working  with  the  coal-cutting  machines  we 
do  so  to  a  certain  extent. 

1329.  Are  you  not  subject  more  or  less  to  creeping 
in  all  those  nairow  places  ?— -Yes;  but  not  much  at  a 
diallow  depth. 

1380.  {Mr.  Dickiruon.)  Where  you  had  difficult 
in  keeping  the  gatewajrs  open  you  would  be  woiUng 
with  pillared  roods  ? — Yes. 

1331.  Might  you  not  have  got  over  that  diffionitjr 
by  working  to  the  extremity,  and  leaving  the  weight 
behind  you  ? — It  might  have  been  so. 

1332.  Upon  the  long-wall  system  is  not  the  moet 
difficult  time  to  deal  with  it  when  yon  have  Uie 
weight  first  settling  down,  and  that  aftenrahb  you 
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bare  no  diffictiltj  ? — beliere  that  generally  it  has 

that  effect. 

1333.  Do  70a  think  that  yon  have  persevered  long 
enough  with  the  system  to  obtain  the  best  result  ? — 
I  think  so. 

1334.  Have  you  got  the  weight  fairly  down  up  to 
the  Bur&oe  ? — do  not  think  tliat  the  anrfaee  was 
affected. 

1335.  But  it  will  be  so  in  time  ? — It  would  depend 
upon  the  nature  of  the  strata,  espeeially  in  deep 
mines. 

1336.  (Mr.  Vivian.)  Was  not  the  thill  damped  with 
water  ? — Yea ;  it  was  damp. 

1337.  Supposing  that  yoa  had  had  no  water  in  that 
mine,  do  you  think  that  you  would  have  had  so  much 
pufSng  or  gobbing  effect  ? — I  think  we  would  have 
had  the  same.  In  this  pit  the  thill  is  slightly  damp, 
but  not  wet 

1338.  But  if  the  thill  is  dry,  it  does  not  puff  or  gob 
up,  does  it  ? — ^It  does  with  as. 

1339.  Have  you  since  you  last  gave  evidence  before 
the  Committee  made  any  experiments  upon  the 
cooling  effect  of  coal-cutting  machines  P — went 
i^ain  through  that  investigation,  and  got  very  much 
tbe  same  resalt  as  those  I  gave  you. 

1340.  Then  you  conBrm  the  evidence  which  yon 
gave  on  a  previous  occasion  ? — ^Tes. 

1341.  (Chairman.)  For  what  distance  can  you 
perceive  any  heat  in  the  pipes  by  which  the  com- 
pressed air  is  carried  in  ? — I  found  that  at  a  distance 
of  30  yards  from  the  air  compreBsiug  cylinder  the 
pipes  were  barely  warm ;  the  air  was  being  com- 
pressed to  35  lbs.  per  square  inch. 

1342.  Then  if  you  do  not  get  quit  of  the  heat  which 
is  elicited  by  the  compression  before  the  air  enters 

The  witness 


the  mine,  that  heat  will  be  radiated  into  the  mine  ?— 
Yes ;  this  compressing  cylinder  was  in  ^e  mine. 

1343.  In  the  case  of  a  system  of  compressing  pumps 
employed  at  the  surface  for  the  purpose  of  condensing 
air  into  the  mines,  and  to  be  worked  by  the  coal- 
cutting  machines,  it  would  be  necessary  to  get  rid  of 
the  heat  before  the  air  entered  the  mine,  or  othvwise 
the  heat  would  go  into  the  mine  ?— Yes. 

1344.  You  would  have  to  cool  the  ur  before  going 
into  the  min^  in  order  to  get  thA  full  cooling  effect  of 
the  expuinon  ? — Yes. 

1345.  {Mr,  Vtvian.)  Does  not  the  great  extra  beat 
take  place  in  the  compreraing  cylinder  ? — Yes. 

1346.  I  understood  from  you  that  at  30  yards  from 
the  compressing  CTlinder  the  heat  of  the  pipe  was 
scarce  perceptible  ? — It  was  slightly  warm. 

1347.  And  at  another  30  ya^s  there  would  not  be 
any  susceptible  heat  at  all  ? — Just  so.  The  cylinder 
by  which  we  compress  the  air  is  surrounded  by  a 
large  quantity  of  water  to  keep  it  cool. 

1348.  (Mr  Dickinson,)  By  having  your  air-com- 
pressing machine  on  the  sur&ce  or  in  the  I'etum  ur 
you  would  naturally  obviate  any  possibility  of  the 
heat  getting  into  the  mine  ? — Yes. 

1349.  (Jfn  Vivian,)  Do  you  believe  that  any  heat 
does  actually  go  into  the  mine  from  the  compressing 
engine  ? — ^Not  to  increase  the  temperature  of  the  air. 

1350.  It  might  be  in  the  return  airways  ? — ^Yes  ; 
any  heat  that  was  given  off  from  the  pipes  would 
mix  with  the  intake  air,  but  as  the  quantity  of  this 
air  would  be  large,  and  the  amount  of  heat  given  oil  is 
small,  it  would  not  raise  the  general  temperature  to  an 
appreciable  extent,  but  in  the  part  of  the  mine  where 
the  air  is  allowed  to  expand  the  quantity  of  air  is 
comparatively  small,  and  the  cooling  efiect  would  be 
mndi  greater. 

withdrew. 


A  71 

Mr.  LindaoM 

Wood. 

15  Jmw  1S6B, 


Adjourned  to  To-morrow  at  12  o'clock. 


A.— UiA  Meetmg,  Jime  IGtk,  1869. 

Present: — 1.  Sir  William  Aemstrong  (in  the  chair) ; 
2.  Mb.  Geddgs  ;  3.  Mb.  Dickinson  ;  4.  Mb.  Woodhouse. 

The  foUoving  gentJemen  were  also  present : — 
5.  Mb.  Hunt  ;  6.  Mb.  Deden;  7.  Mb.  Mttbbat  ;  8.  Mb.  Oldknow;  9.  Mr.  Fobsteb. 

1.  The  Secretary  reported  that  in,  obedience  to  the  desire  of  the  Commission,  he  had  been  to  the 
Admiralty,  whence  a  tel^ram  was  sent  to  summon  from  Portsmouth  two  engineer  officers  to  give 
evidenoe  as  to  the  effect  m  working  in  high  temperatures  in  the  stoke-holes  of  steamboats  in  the 
tropics. 

Also  that  he  had  summoned  witnesses  from  the  Turkish  baths  to  give  evidence  as  to  the  effect  of 
their  work  in  the  hot  rooms. 

2.  It  was  decided  to  meet  on  July  l^th  and  October  13th. 

3.  Sir  William  Annstroi^  was  requested  to  draft  the  report,  and  to  submit  the  draft  to  the 
Committee  on  the  13th  of  October. 

4.  The  Secretary  was  directed  to  pay  four  of  the  witnesses^  and  pud  them  97.  accordingly. 

W.  G.  Abhstbono, 

Mr.  Hemrt  William  Hu»i,  76,  Jermyn  Street,  examined. 

1351.  (Chaimian,)  Are  the  Tnrkish  baths  in  Jermyn    i^'o  ^J^e  enters  a  temperature  of  about  ^ 
Street  conducted  by  a  company,  of  which  you  are  the    ^20  degrees.    There  are  hotter  rooms,  the  higheat  „  ^^09. 
secretarv  ?— Yea.  *         "                                    temperature  bemg  on  an  average  200  degrees.  When  , 

,        ,  ,  .    ,  the  skin  has  been  put  in  condition  by  perspiration, 

1352.  WiU  yoube  good  raough  to  explain  the  nature  ^^^^  conducted  to  the  room  at  120  degrees  to 
of  the  Turkish  bath,  what  it  consists  of?— The  be  shampooed.  He  is  then  taken  into  the  washmg 
Turkish  bath  consirts  of  a  swies  of  chambers  for  ^  ^  ^^y^^^  jj^er  temperature  j  warm  water  is 
deanang  the  body  by  means  of  heat^  perspiration,  and  ^^gr  him.  he  is  rubbed  with  a  glove  made  of 
shampooing.  camel's  hair,  and  washed  with  Castile  soap.  At  Jermyn 

1853.  What  is  the  first  process  ? — A  bather  on  enter-  Street  there  is  a  cold  douche,  needle  bath,  and  swim- 
ing  the  bath  deposits  his  clothes  in  the  cold  room,  ming  tank,  that  may  be  then  used  by  badiers  if  they 
and,  with  only  a  towel  round  his  loins,  is  conducted    wish  it    They  are  then  covered  with  two  sfaeeta, 

U  4 
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•  coadacted  to  the  cdd  room,  uid  diess  when  the 
5w   IT  TO-     ^"iy  h**  cooled. 
£M  ^^^^        lowest  temperatoTe  is  120  degrees  7— 
 .'  Yes. 

16  June  1B69.      1355.  What  is  the  highest  temperatui'e?—TliehigheBt 

 temperature  is  200  degrees. 

13d6.  B^inning  with  a  temperature  of  120  degrees, 
how  many  rooms  are  there  besides  that  ? — There  are 
three  rooms  besides. 

1357.  What  is  tiie  temperature  of  the  second  room  ? 
-i^bout  150  d^p^ees. 

1358.  What  is  the  temperature  of  the  third  room  ? — 
175  degi-ees,  andthebottestroomiaabout  200  degrees; 
it  is  on  ui  average  rather  above  that  temperature. 

1359.  YouarespeakiiigofFahreiiheit*sthermometer? 
—Yes. 

1360.  Is  that  temperature  exceptional  for  particular 
casea  ?— No,   A  great  many  gentlemen  go  into  that 


temperature,  but  for  no  other  reason  than  that  they 
like  a  high  temperature. 

1361.  Do^ordinarj  bathers  go  into  that  temperature? 
— Many  of  them  go  into  200  degrees.  Habitual 
bathers,  as  a  rule,  go  into  the  hottest  room  first,  and 
Uien  come  out  to  a  lower  temperature  ;  thej  find  that 
it  starts  the  perspiration,  and  they  get  a  bath  quicker. 
It  is  much  used  in  cases  of  gout  and  riieumatism. 

1362.  Do  the  attendants  go  with  them  through  all 
the  rooms  ? — ^No. 

1868.  Th^  are  confined  to  the  lower  temp^ture  of 
120  degrees  f—Yee. 

1364.  Of  what  does  the  process  of  shampooing  con- 
sist ? — ^I  would  rather  leave  that  to  the  foranan  of 
the  bath,  who  is  an  experienced  shampooer. 

1365.  On  the  question  of  the  health  of  the  atten- 
dants you  would  perh^s  rather  leave  that  to  your 
foreman  ? — Tes. 


Mr.F.Dedai. 
16  June  1869. 


Mr.  F.  DxDEK,  76,  Jeimyn  Street,  examined. 


1366.  (Chairman.)  You  are  the  foreman  of  the 
persons  who  conduct  these  baths  P — ^Yes. 

1367.  How  many  persons  have  yon  under  you  ?— 
About  20. 

1368.  Of  what  does  your  duty  consist  ? — To  see  the 
gentlemen  properly  attended  to  who  take  the  bath. 

1369.  Are  their  laboiu^  altogether  conducted  in  the 
room  which  we  have  had  described  as  the  room  of  the 
lowest  temperature  ? — Their  labours  are  confined  espe- 
cially to  the  lowest  temperature,  but  still  they  have 
to  attend  to  the  cleaning  of  the  whole  establishment. 

1370.  Have  they  to  work  in  a  room  of  a  higher 
temperature  than  120  d^preee  ? — No. 

1371.  Of  what  does  &eir  labour  consist  in  that 
temperature  ? — ^Affcer  a  gentleman  has  gone  through 
the  bath,  through  the  process  of  sweating  in  the 
difierent  rooms,  he  u  shampooed,  whidi  consists  of 
rubbing  his  body  all  over,  and  taking  off  Uie  wom-oat 
skin. 

1372.  Is  it  hard  work  on  the  part  of  the  operator  ? 

— No. 

1373.  It  does  not  require  much  mnscnlar  exertion  ? 
—No. 

1374.  In  performiug  that  work  do  you  feel  any  in- 
convenience from  the  temperature  ?— None  whatever. 
It  would  be  so  occBsionally  when  we  are  v^  busy, 
and  are  worried,  in  the  same  manner  as  with  any 
other  work,  but  only  then. 

1875.  How  long  does  the  shampooing  of  each  person 
occupy  ? — About  20  minutes. 

1376.  Have  your  men  frequently  to  shampoo  several 
persons  in  succession  without  any  interval  of  rest  ? — 
Very  frequently. 

1377.  About  how  many  ? — At  the  busy  time,  say 
three. 

1378.  That  would  givo  you  an  hour  of  continuous 
work  ? — Yes. 

1379.  Do  you  find  it  at  all  exhausting  ? — No. 

1380.  How  long  do  you  think  that  you  would  be 
able  to  work  continuously  in  that  temperature  without 
refreshment  ? — I  have  known  men  do  it  with  only  a 
few  minutes*  interval  for  three  hours. 

1381.  Do  you  consider  that  rather  an  extreme  case  ? 
— That  is  an  extreme  case. 

1382.  In  the  ordinary  conducting  of  the  bosinefls, 
what  are  the  dtemations  of  work  and  of  rest  ? — As 
a  rule  our  men  come  at  seven  o'clock  in  the  mtmiing. 
One  third  of  them  stay  till  nine  o'clock,  and  come 
back  at  one  o'clock,  having  had  their  dinner,  and  the 
other  men  go  and  have  their  dinner,  and  tliey  go  off 
in  the  evening  at  seven  o'clock;  each  man  has  three 
hours  in  the  day  for  rest. 

1383.  While  in  the  establishment,  what  interval  of 
rest  have  the  men  ? — After  they  have  cleaned  in  the 
morning  what  is  necessary  to  be  cleaned,  they,  upon 
the  average,  attend  to  two  gentlemen  during  the  fore- 
noon, and  each  of  them  has  an  hour  or  an  hour  and  a 
halPs  rest 

1384.  Two  gentlemen  would  only  occupy  about  40 
minutes  ?— Tes. 


1385.  Then  during  the  forenoon  their  actual  labour 

is  40  minutes  ? — Yes. 

1 386.  In  the  afternoon  what  may  be  the  duration  of 
their  actual  labour  ? — At  one  o'clock  the  men  are  back 
from  their  dinner,  and  they  generally  have  an  interval 
of  an  hour's  rest,  and  from  four  to  six  o'clock  is  our 
busy  time,  during  which  the  men  continue  Uiere  for 
the  whole  time  with  a  very  short  interval 

1387.  From  four  to  six  o^clock  the  work  is  pretty 
continuous  ? — Yes. 

1388.  But  when  there  is  an  opportunify  the  men 
come  out  and  cool  and  refresh  ? — Yes.  Our  busineBs 
depends  a  great  deal  upon  the  weather. 

1389.  In  busy  times  the  duraticm  of  actual  labour, 
I  gather,  would  be  something  like  three  hours  in  the 
day.  You  say  that  the  labour  occupies  about  40 
minutes  in  the  forenoon,  and  that  it  is  nearly  con- 
tinuous in  the  afternoon  ? — Yes. 

1390.  So  that  that  would  make  nearly  three  hours  of 
labour  ? — Yes,  of  hard  labour. 

1391.  Can  you  compare  the  intensity  of  the  labour 
with  any  other  kind  of  labour,  so  as  to  give  us  an  idea 
of  what  it  would  consist  of? — I  cannot^  Our  men 
are  almost  entirely  n^ed,  merdy  having  an  apnm 
round  their  waist. 

1392.  Would  the  labour  be  equal  to  the  labour  of 
dicing  or  rowing;  do  you  know  anything  of  rowing  ? 
—Yes,  I  know  a  little  about  it ;  it  would  be  about 
equal  to  rowing,  or  as  near  to  it  as  any  other  kind  of 
M)Our  could  be  compwed  with  it. 

1393.  What  kind  of  health  do  the  men  enjoy  ?— 
Very  good  indeed;  it  is  very  seldom  that  there  is  any 
one  ofthem  ill. 

1394.  Do  they  perspire  very  violently  during  the 
process? — Sometimes  more  and  sometimes  less. 

1395.  (]tfr.  Dickinson.)  When  you  come  out  for  a 
few  minutes*  interval  of  rest  what  temperature  do  you 
prefer  going  into  ? — The  common  temperature  of  the 
air.  Of  course  in  the  winter  time  if  a  man  goes  into 
what  we  call  the  cold  room  the  change  is  so  sudden 
that  he  takes  a  cloth  round  him  ;  but  in  summ^  time 
they  merely  go  into  the  common  temperature  of 
the  air. 

1396.  (Mr.  Geddet.)  Supposing  a  pressure  to  ocenr 
in  your  establishment^  could  the  men  carry  on  the 

business  for  longer  tLan  three  or  four  hours?  In 

case  of  pressure  they  could  go  on  for  five  hours.  In 
one  case,  which  was  that  of  the  Oxford  and  Cambridge 
boat  race  three  years  ago,  we  had  250  bathers  in  on 
that  day,  and  on  that  occasion  every  man  had  to  do 
three  times  the  labour  of  any  other  day  ;  they  carried 
it  on  for  the  whole  afternoon  from  one  o'clock ;  of 
course  they  were  very  tired. 

1397.  They  were  employed  for  five  hours? — Yes. 

1398.  Did  they  complain  much  afterwards?— No  ; 
they  were  glad  as  a  matter  of  course  when  the  day- 
was  over,  but  they  did  not  complain  in  particular. 
The  men  know  that  they  have  so  many  hours  of 
leisure,  but  wheii  there  is  bosiness  to  do  thegr  are  al) 
willing  to  do  it. 
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1399.  (Chairman.)  Taking  one  day  with  another,  do 
you  think  that  the  men  work  for  two  or  three  hours 
a  day  ? — Yes. 

1400.  SuppoBmg  that  the  men  worked  every  day, 
what  number  of  hours  of  labour  do  yon  think  would  be 
consistent  with  their  health  ? — They  could  do  a  great 
deal  more  than  they  do  ;  we  keep  more  men  than  the 
labour  requires,  so  that  we  have  never  given  it  a  fair 
test ;  our  em^oyera  will  always  have  so  many  more 
men  tiiau  are  rrally  requisite,  in  order  that  the  work 
may  not  come  too  hard. 

1401.  Could  they  do  more  vork  every  day  than  they 
are  actually  put  to  ?— Yes. 

1402.  Cnn  you  form  any  idea  of  how  much  the 
length  of  the  hours  might  be  increased,  consistently 
with  the  preservation  of  their  enei^ies  and  their 
health  ? — can  hardly  give  an  answer  to  that  question, 
because  our  business  differs  very  much  from  one  day 
to  another. 

1403.  I  will  suppose  that  your  business  was  constant 
every  day,  can  you  state  what  you  think  would  be 
the  limit  of  the  work  which  the  men  could  bear  ? — 
We  could  do  one  third  more  labour  than  we  are  now 
doing. 

l£>4.  That  would  be  four  hours  instead  of  three  ? 
—Yes. 

1405.  (Mr.  Geddes.)  Do  you  know  any  other  eata- 
blisbment  of  a  similar  nature  where  more  work  is 
done  ? — No ;  there  is  no  other  such  establishment,  or 

'the  other  estaUidunents  are  on  so  small  a  scale  that 
I  could  not  give  you  an  idea  about  them. 

1406.  Do  you  know  of  ray  o^r  establishment 
abroad  where  more  work  is  done  ? — No, 

1407.  (Mr.  Woodhoute.)  Do  you  take  any  care  in 
selecting  the  sort  of  men  whom  you  employ ;  I  mean 
particularly  as  to  age? — No;  we  employ  them  at  any 
age  ;  we  have  them  from  1 8  years  of  age  up  to  48. 

Mr.  Hunt  said  that  tho  men  at  the  bath  worked  in 
a  temperature  of  120  degrees  with  ease,  but  it  must 
be  remembered  that  they  work  naked  with  the  excep- 
tion of  a  towel  round  their  loins,  and  that  there  is  no 
dust  or  dirt  to  get  on  their  bodies  to  check  the  per- 
piration ;  that  the  air  Is  perfecUy  dry,  and  that  by 
the  arrangement  of  the  building  for  ventilation,  &c. 
it  is  well  supplied  with  oxygen. 


1408.  (CAatrman.)  Is  any  special  arrangement  made       A  73 
for  the  ventilation  of  the  hot  rooms? — ^The  vratilation    Mr.  H.  W, 
is  by  the  roof,  and  the  fresh  air  comes  into  the  bath.  Bwt. 
The  air  is  heated  before  coming  it.  — 

1409.  It  is  a  still  atmosphere  which  comes  in  ?— Yes.  "J"*"? 

1410.  la  it  a  very  wet  atmosphere  ? — No ;  we  keep 
the  au-  as  dry  as  possible,  which  is  a  great  object  in 
a  Turkish  bath,  because  you  are  then  much  better  able 
to  bear  a  greater  amount  of  heat. 

1411.  Supposing  that  you  had  a  current  of  hot  ur, 
which  impinged  against  you  like  a  gale  of  wind,  would 
it  be  much  more  heating  than  by  its  being  a  still 
atmosphere  ?— Ye^  if  it  came  from  a  hotter  room. 

1412.  Supposing  that  ur  of  120  degrees  instead  of 
mextsiy  filling  the  room  was  to  blow  against  your  body, 
would  you  feel  it  still  more  ? — No  ;  if  you  are  only  in 
the  room  of  125  degrees  that  never  occurs. 

1413.  I  am  supposing  the  case  of  its  occurring. 
Supposing  that  I  blew  hot  air  against  you,  instead  of 
your  merely  living  in  a  room  in  which  there  was  hot 
air,  would  you  not  feel  its  effect  more  if  it  blew 
against  you  than  if  it  were  still  ? — If  the  temperature 
of  the  hot  wind  was  higher  than  the  temperature  of 
the  bath  it  would  strike  hotter,  but  otherwise  it  would 
strike  cooler. 

1414.  The  question  which  I  wish  to  pot  is  whether 
air  in  motion,  or  air  at  rest,  has  more  efifect  in 
heating  ? 

1415.  (Mr.  Hunt.)  That  we  have  aothad  an  oppor- 
tunity of  trying. 

1416.  (Mr,  JDeden.)  Directly  close  to  the  hot  flue 
you  will  feel  it  more. 

The  witness  withdrew. 

Mr,  Hunt  suleequently  tried  the  following  experi- 
ment to  ascOTtain  whether  hot  air  in  motion,  or  still 
air  of  the  same  temperature,  gives  the  greatest  sensa- 
tion of  heat.  A  lai^e  &n  was  worked  in  the  hot 
room.  The  moving  air  produced  a  sensation  of  rather 
less  heat,  but  the  dilferenco  was  not  remarkable.  The 
temperature  was  150  degrees.  The  Secretary,  on 
whom  tiie  experiment  was  tried,  had  newly  entered 
the  hot  room  and  was  dothed,  so  the  experimmt  is 
not  conclusive. 


Mr.  Geoboe  Bakes  Fobster,  Backworth,  Newcastle-on-Tyne,  examined. 


1417.  (Chairman.)  We  understand  that  you  have 
visited  a  very  deep  mine  in  Belgium,  and  we  shall  be 
glad  to  hear  from  you  any  particulars  which  you  can 
give  us  respecting  the  temperature  in  that  mine,  both 
of  the  fur  and  of  Ac  strata  ? — I  had  no  opportunity 
of  making  experiments  on  the  temperature  of  the 
strata,  but  I  observed  the  temperatures  of  the 
currents  of  ur.  The  depth  of  the  pit,  which  is  near 
Charleroi,  is  about  880  yards. 

141 8.  Are  they  working  the  coal,  or  is  it  merely  the 
shaft? — Th^  are  working  the  coal  at  a  depth  of 
880  yards. 

1419.  How  far  in  are  they  ?— Neariy  700  yards. 
It  is  a  regular  working  pit. 

1420.  What  is  the  depth  of  the  shafl  itself? — Eight 
hundred  and  eighty  yards. 

1421.  Does  the  coal  dip  or  not  ?— It  dips  a  little,  but 
it  is  practically  level.  The  coal  faces  which  I  saw 
were  at  nearly  700  yards  from  the  shaft 

1422.  Upon  what  system  were  they  working  the 
coal  ?— On  a  sort  of  long-wall  system,  the  usual 
Belgian  system. 

1423.  What  was  the  quantity  of  ^r  drculatiog  per 
minute? — ^Xhe  quantity  in  that  seam  was  only  6000 
cubic  feet ;  other  seams  were  being  worked  at  the 
same  pit. 

1424.  At  the  paiiaeular  pft  which  yon  Tinted  the 
circulation  was  only  6000  feet  Yes.  That  is  in 
the  lowest  seam. 

1425.  That  was  a  very  small  circulation  ? —Yes ; 
but  it  was  very  well  cairied  up  to  the  face ;  6000 
feet  is  not  a  bad  ventilatum  at  th^  face* 

imt.     YohlL  : 


Mr.  Q.  B, 
Forater. 

1426.  What  was  the  temperatnre  of  the  air  at  the   

face? — The  temperature  of  the  air  at  the  face,  after  is  June  1869. 
passing  over  the  men  who  wore  at  work,  was  81 

de^eee. 

1427.  Were  they  working  the  coal  rapidly  ? — ^No; 
they  were  on^  working  about  100  tons  a  day  out  of 
that  seam.  Theen  were  emplojred  in  that  seam  81 
hewers  and  five  fillers,  ^ose  were  all  ike  persons 
who  were  woi^ing  at  the  &c^  and  there  were  two 
horses  on  the  main  road. 

1428.  Would  the  advance  of  the  face  in  that  case 

be  as  rapid  as  it  is  in  ordinary  cases  ? — ^Not  so  rapid  ' 
as  it  is  in  the  board  and  pillar  system  of  working. 

1429.  But  wonld  it  be  as  rapid  as  in  the  regular 
long- wall  system  of  working  in  this  country  ?---Ye8, 
about  the  same. 

1430.  The  number  of  men  working  at  the  face  was 
about  proportionate  to  the  length  of  the  face  ? — ^Yes. 

1431.  Was  the  extent  of  new  surface  which  was 
exposed  to  the  air  equal  to  what  it  generally  is  ? — 
No ;  it  was  not  equal  to  what  it  is  in  an  ordinary 
sized  pit  in  this  country. 

1432.  Then'would  you  anticipate  that  when  in  the 
progress  of  further  working  the  work  became  equal 
to  that  of  an  ordinary  pit  in  this  country,  the  tem- 
perature would  bectmie  higher? — I  sliould  think  that 
it  probably  woaM,  as  they  got  further  away  frtan  the 
shaft. 

1433.  Are  you  aware  whether  any  observations 
have  been  made  to  ascertain  the  temperature  at  that 
great  depth  ?— No ;  no  obsemtions  had  beon  aiftde 
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^  ^4      in  this  particular  pit.   The  pit  did  not  feel  at  alL  hot ; 
Mr  Q  B  comfortable. 
'  fMfir. '        143-1  (tfr.  XHchinton,)  Was  this  the  pit  at  St. 

  GUly?— No. 

,  16  JToBs  1M9.      1435.  Is  not  the  deepest  pit  in  Belgium  the  one  at 
'  ■'        St.  Gilly? — That  is  abandoned  now. 

1436.  To  what  depth  was  the  shaft  at  St.  GiUy 
sunk? — I  think  that  it  was  nearly  1000  metres. 

1437.  Did  you  obtain  any  information  as  to  the 
temperature  of  that  pit  at  St.  Gilly,  which  you  ia 
abandoned  ? — No. 

1438.  Do  prou  know  why  it  was  abandoned  ? — I 
thmk  it  was  in  consequence  of  the  coal  proving  thin. 

1439.  It  was  not  on  account  of  the  temperature  being 
too  high  to  work  in  ? — No. 

1440.  Although  the  depth  was  between  1,000  and 
1,100  yards  ? — ^Yes  %  I  imderatood  that  th^  got  two 
or  three  thin  seams,  but  that  tiie  coal  was  not  workable. 

1441.  You  beUeve  that  Uiey  had  no  difficulty  on 
account  of  temperature  ? — believe  not. 

1442.  {Mr.  Wbedhouse.)  Did  you  happen  to  notice 
what  was  the  height  of  the  pit  top  above  the  sea  ? — 
No. 

1443.  {Chairman.)  Are  there  any  other  equally 
deep  mines  in  that  locality  ? — I  think  not. 

1444.  Had  they  made  any  observations  there  upon 
the  temperature  in  the  deep  sinking  ? — ^None  that  I 
am  aware  of. 

1445.  {Mr.  Geddes.)  How  many  seams  of  coal  were 
there  ? — There  were  several ;  I  do  not  know  how 
many.  The  thicket  which  I  saw  was  the  deepest 
one. 

1446.  {Mr,  Dickituon,)  I  suppose  that  all  these 
Beams  vrere  -worked  in  descending  order? — ^They  were 
working  coal  above  this  one. 

1447.  They  would  take  them  in  a  descending  order 
at  about  30  metres  in  a  range  ? — I  do  not  know. 

•  1448.  You  have  been  ezunined  as  to  the  mode  of 
working  the  coal  under  the  sea  at  Whitehaven  ?— 
Yes. 

1449.  Can  you  state  what  was  the  temperature  at  the 
extreme  far  end  of  your  level  under  the  sea  ? — It 
was  about  70  d^rees,  after  it  had  passed  aver  the 
men,  at  a  distance  of  three  miles  from  the  shaft. 

1450.  {Chairman.)  What  is  the  depth  under  the 
sea  at  that  point  ? — It  would  be  about  140  or  150 
yards  under  Uie  water. 

1451.  It  would  be  that  distsnce  below  the  bottom  of 
the  sea? — ^Yes. 

1452.  {Mr.  fFoodhotue.)  In  Belgium  do  they  draw 
the  loads  direct  at  one  puU  ? — ^Yes>  unless  they  have 
to  stop  at  interme^ate  seams. 


1453.  But  as  a  rule  it  ia  in  one  poll  ? — Yes. 

1454.  What  is  the- character  of  the  machinery?— 
They  had  rather  good  engines  in  that  district ;  they 
were  all  horizontal  cylinders.  The  windiog  engine 
at  the  deep  pit  had  two  horizontal  cylinders.  The 
diameter  of  the  cylinders  was  *6  and  length  of 
stroke  1  *  6  metres.  I  may  mention  that  we  got  them 
to  run  the  cage  through,  to  see  the  time  in  which 
they  could  do  it,  and  they  did  it  in  three  minatee 
when  drawing  coals,  and  in  five  minntea  when  drawing 
men. 

1455.  What  would  be  the  size  ot  tiie  rope  ?—Xt  wu 
a  flat  wire  rope,  *  19  to  *  12  wide  and  *015  thu^ 

1456.  {Chairman.)  Were  the  ropes  steel  ropes?— 

No  ;  they  were  iron  wire. 

1457.  (^r.  fFoodhouse.)  What  weight  of  coal  did 
they  draw  ? — They  drew  4  tubs  of  co^,  one  above 
the  other. 

1458.  There  was  a  four-tier  cag^  one  above  Uie 
other  ? — ^Yes, 

1459.  {Mr.  Geddes.)  What  was  the  diameter  of  the 
shafc  ? — It  was  elliptical ;  it  was  3  *  40  metres  l<ng 
by  2  metres  wide,  in  the  widest  part. 

1460.  Have  theymudi  gas  there? — ^Theyhave  a 
little,  bat  not  a  great  deal;  they  work  entirely  by 
lamps. 

1461.  {Mr.  Diekhwm.)  I  believe  that  this  is  not  bj 
any  meims  an  isolated  case  in  Belgium ;  tiiere  axe 
several  shafts  approadiing  800  yards  in  depA  ?— Tee, 
I  believe  nearly  so ;  I  do  not  know  another  case 
where  they  are  working  coal  at  the  depth  of  800 
3rards. 

1462.  Are  there  any  women  working  there  ? — ^Yes. 

1463.  Do  they  seem  to  be  much  oppressed  with  the 
temperature  of  81  degrees  ? — ^No ;  they  seem  very 
comfortable.  They  were  not  in  a  temperature  of  81 
degrees.  I  think  that  in  thxA  district  the  women 
draw  the  coals,  and  the  men  fill,  and  in  the  Mona 
district  the  men  draw  the  coals,  and  the  women  fill. 

1464.  {Chairman.)  What  was  the  temperature  of 
the  air  at  the  point  where  it  was  delivered  to  the 
working  face  ;  did  you  notice  that  ? — No;  1  noticed 
the  temperature  at  the  bottom  of  the  shaft. 

1465.  There  would  not  be  much  difference  in  that  ? 
—No. 

1466-7.  {Mr.  Dickituon,)  The  increase  of  the 
Belgian  temperature  is  only  about  1  degree  for  83  fbet 
in  depth,  taking  the  temperature  at  Ihe  sur&ce  as  50 
degrees  ? — Yea ;  but  that  is  owing  to  the  cnrrent  of 
air. 


The  witness  withdrew. 


Jfr.  T.  T. 


Mr.  Thobias  Thompsou  Mubbat,  Her  Majesty's  ship  *'Asia,"  Portsmouth,  examined. 


1468.  {Chairman,)  You  are  engineer  on  board  the 
16  June  1869.  <*  Asia  "  ? — ^Yes  ;  I  am  a  chief  engineer. 

'■  1469.  ^veyou  been  mnch  in  tropical  climates  with 
that  vessel,  or  with  any  other  steam  vessel  7 — I  have 
been  serving  in  the  tn^ics  in  three  different  ships 
in  the  navy. 

1470.  Is  the  temperature  of  the  stoke  hole  much 
higher  in  tropical  regions  than  it  is  elsewhere  ? — It 
must  necessarily  be  so. 

1471.  What  is  the  highest  temperature  with  which 
you  have  to  contend  in  the  stoke-hole  P — The 
highest  temperature  which  I  have  known  was  in  the 

'  West  Indies,  in  the  "Basilisk,"  namely,  187  degrees. 

1472.  Is  that  a  common  tmperature  ? — ^It  is  not  a 
common  temperature. 

1478.  What  may  we  consider  to  be  the  ordinaiy 
temperature  in  tropioal  regions  ? — ^About  135  or  1 87 
degrees. 

1474.  '  Is  that  quite  common  ? — ^lliat  is  commmi. 

1475.  How  do  the  men  endure  that  temperature  ? — 
It  depends  very  greatly  upon  their  constitution.  In 
the  "Basilisk,"  the  ship  which  I  have  named,  I  sup- 
pose we  must  have  invalided,  in  consequence  of  the 
«3HeM  of  tempetiitare,  nearly-  two  - thirds  of  the 


original  number  of  stokers  whom  we  took  amy;  fattt 
eventually  we  had  men  who  could  stand  the  tempmr 
ture  perfectly  well. 

1476.  For  what  length  of  time  ?— The  enrgeoa 
pronounced  the  stokers  whom  I  eventually  had  in 
that  ship  to  be  the  most  healthy  men  in  the  ship, 

'  but  they  were  certainly  selected  from  a  great  numb^, 
and  they  were  able  to  bear  the  heat;  we  had  a  great 
deal  of  work  to  do  in  that  ship.  I  think  that  diip 
was  rather  an  exceptional  one. 

1477.  Taking  ordinary  men,  what  has  been  the 
highest  temperature  which  has  been  consisteot  with 
the  health  of  the  men  ? — ^Not  above  120  d^reee. 

1478.  But  you  think  that  they  can  bear  a  tempera- 
ture of  120  degrees  with  impunity  ?— Yes  ;  with  a 
good  healthy  constitution.  As  &r  as  regards  bearing 
the  mere  temperature,  I  think  that  tiuty  might  have 
exceeded  our  highest  temperature. 

1479.  The  question  is,  th6  labour  which  thej  have 
to  perform  in  that  temperature? — amonat 
labour  was  certainly  very  great ;  and  in  firing  with 
coal  you  perbi^  have  to  endure  more  than  the 
mere  temperatures,  because  there  is  no.  coal  we  have 
irithout  some  d^jtae  of  anlphnr  ■  in      and  thitt 
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neoesBftrify  alfeota  the  men  to  some  decree ;  bat  Ihe 
greatest  evil  has  resulted  from  an  occasional  stagna- 
ti<m  of  the  atmosphere.  When  we  had  a  good 
current  of  air  to  supply  the  iurna(»s  when  eren  under 
full  steam,  and  when  ^e  temperature  was  very  high, 
the  men  did  not  sutifer  to  ike  same  d^^  they 
did  vHh  a  lower  tanperatnre  when  tlie  air  was 
stagnant. 

1480.  You  had  a  difficulty  in  getting  a  sufficient 
BQi^y  (rf  firedi  ur  to  the  men? — ^Yes;  I  beliere 
tliey  oonld  have  woiked  well  even  in  a  temperatare 
of  900  d^rees  if  they  had  had  a  emrent  of  air  in 
which  they  oonld  have  breadked  fi<eely,  even  if  it  had 
been  heated  ^r. 

1481.  Do  yon  think  that  a  man  could  perform  an 
OTdinary  day's  work  in  a  temperature  of  200  degrees 
even  if  he  had  fresh  air  ? — I  believe  he  could.  I 
believe  there  are  some  of  our  maunfactories  in  which 
the  men  have  even  higher  temperatures  to  endure, 
and  do  endure  them. 

1482.  But  not  for  continuous  work  ? — I  believe 
they  continue  even  for  longer  honrs  than  our  stokers 
did.  Our  stokers  were  on  duty  for  four  hours  out  of 
the  twelve,  and  were  eight  hours  off. 

1488.  Are  those  the  ordinary  honrs  for.  atokwb  in 
troi^cal  climates  ? — ^Yes,  eight  hours  in  the  24. 

1484.  Is  the  labour  nearly  continnous  j  dnring  die 
four  hours  ore  the  men  in  the  constant  exertion  of 
their  energies,  or  are  there  intervals  of  rest  ? — They 
are  very  nearly  constantly  at  work  ;  when  they  are 
not  throwiug  in  coal  they  ore  clearing  their  furnace 
bars  under  tfie  furnace,  or  drawing  ashes  out,  or  per- 
forming some  other  duty. 

1485.  As  a  matter  of  fact,  what  is  the  highest 
temperature  which  you  have  observed  to  be  con- 
sistent with  the  preservation  of  the  health  and  enei^ 
of  the  men  in  stoke-holes  ? — The  health  of  the  men 
depends  on  so  many  different  things  iu  a  ship,  that 
it  would  be  rather  difficult  for  me  to  answer  the 
question  with  regard  to  mere  temperature.  Even 
among  medical  men,  I  do  not  think  that  has  been 
observed  to  any  lai^e  extent.   With  this  vessel  when 

-  we  were  on  our  passage  out,  and  the  temperaturd  got 
to  180  degrees  between  Madeira  and  Bermuda,  the 
medical  man  complained  of  it  to  the  Admiral ;  he 
thought  that  a  temperature  of  130  degrees  was  too 
high  for  men  to  work  in.  That  is  the  staff  surgeon 
now  serving  on  board  the  "  Bellerophon." 

1486.  Does  that  coincide  with  your  own  opinion  ?— 
I  had  never  been  subjected  to  so  high  a  temperature 
before  ;  that  was  the  first  that  was  felt  of  it,  and  the 
men  no  doubt  felt  it  severely,  but  it  is  like  a  great 
many  other  things,  whea  yon  get  really  accustomed 
to  it  yon  do  not  feel  it -to  the  extent  you  otherwise 
would.' 

1487.  Wouldyou  anticipate  a  considerable  invaliding 
of  your  men  if  the  temperature  in  your  stoke-hde 
row  considerably  above  120  d^ees  ? — would, 
taking  the  general  run  of  men  as  wey  go  away  from 
England.  I  t^iink  theiie  would  bo^  a  considerable 
laviaUding  of  the  men  if  we  were  to-  work  at  very 
much  above  120  d^^es. 

1488.  (Mr.  Dickinson.)  If  you  have  a  draught  of 
hot  wind  at  120  degrees  or  130  degrees,  do  you  state 
that  it  is  more  comfortable  to  work  in  than  a  still 
atmosphere  of  that  temperature  ? — I  think  that  it 
would  be  so,  unless  there  was  a  very  strong  contiauous 
current  of  heated  air.  What  I  meant  by  a  current 
of  toe  was  a  current  of  cooler  air  supplying  the  place 
of  the '  hot  air ;  that  would  perhaps  not  affect  the 
instrument  reow^ing,  unless  it  was  hung  immediately 
in  it.  In  all  onr  s^ps  we  have  almost  always  a  con- 
stant current  of  tar  from  the  deck  ;  but  in  the  tropics 
simietimes  the  air  becomes  perfectly  stf^ant,  and  it 
win  then  scarcely  feed  a  flame.  You  cannot  rarify  the 
air  in  the  chimney  sufflcieutly  to  make  a  current.  That 
does  not  very- often  occur,  but  still  it  does  occur. 

1489.  Can  you  state  from  your  own  observMion, 
and  fh>m  what  you  know  of  the  working  of  the  stoke- 
hole of  a  steam  ship  in  tropical  climates,  whether 
with  a  current  of  air  above- 98  decrees  it  feels  re- 


freshing i-ather  than  otherwlsft?— I  canndtsay  above  A,  75 

90  duress.    I  have  not  had  the  air  from  the  deck  so  Mr  T  T 

high  as  98  degrees.    I  could  venture,  to  say  about  90  JTwroy. ' 

d^eee,  and  I  should  be  within,  the  truth  when  I   

said  that  a  current  of  air  at  90  degrees  cooHng  down 

is  felt  very  refreshing.   

1490.  That  wonld  have  a  ooolmg  ^fbct;  but  could 
you  say  wliether  a  current  of  air  a&ve  blood  heat  has 
a  refreshing  efibct?— I  cannot  say;  I  have  never 
had  the  iheimcmietw  to  mark  that  actual  temperature. 
The  thermometer  on  deck  has  frequently  recorded 
about  90  degrees  or  above  90  degrees,  and  the  air 
coming  down  at  that  time  I  have  felt  refreshing. 

1491.  (Chairman.)  Where  is  the  instrument  placed 
which  indicates  these  high  tempo^tures  ? — Generally 
near  the  centre  of  the  stoke-hole,  where  we  think 
we  can  take  the  c<»rrect  temperatoro ;  it  is  generally 
held  as  near  the  centre  as  possible,  and  so  as  to  clear 
the  men's  heads. 

1492.  So  that  it  is  a  fair  indication  of  the  t«n- 
perature  of  the  air  in  which  the  men  are  immersed  ? 
— ^It  is  BO,  as  far  as  can  be. 

1493.  The  hottest  part  of  the  air  would  occupy  the 
highest.part  of  the  stoke-holo,  and  the  coldest  part 
Would  be  at  the  bottom  ? — Yes..  • 

1494.  So  that  probably  if  you  had  a  thermometer 
at  the  floor,  as  wul  as  a  thermometer  above  the  men*B 
lieads,  the  aver^  temperature  between  the  two 
would  bo  lower  than  what  you  speak  ? — It  would 
be  so. 

1495.  (Mr.  Dickinson.)  Is  this  current  of  cold  ur 
thrown  upon  the  stokers  as  much  as  possible  ?— 
Whenever  they  have  an  opportunity  they  generally 
get  into  it.  When  we  have  had  wind-saila  from  the 
deck  I  have  seen  a  man  deliberately  put  himself  into 
the  windsail,  though  he  was  in  a  complete  bath  of 
perspiration  ;  he  would  go  there  to  get  a  mouthful  of 
fresh  air. 

1496.  (Chairman.)  Is  there  a  current  of  a  diflbroit 
lemerpnture  always  passing  through  the  stoke-hole 
Yes.  The  first  questimi  which  the  Engineer  in  Chief 
at  theAdmirslty  asked  me  was  how  the  men -stood  it ; 
and  I  told  him  when  we  had  a  current  of  air,  though 
the '  temperature  recorded  was  high,  it  did  not  afiect 
the  men  so  much,  but  when  the  air  was  stagnant  they 
seemed  to  feel  it  very  much  indeed. 

1497.  (Mr.  Dickinson.)  But  in  to  instance  had  you 
that  temperature  above  98  degrees  on  deck  P— A  ther- 
mometer standing  on  deck  in  the  shade,  under  a  single 
awning,  would  sometimes  record  about  100  degrees ; 
but  as  we  sometimes  had  double  awnings  it  of  course 
lessened  the  amount  of  tempoatnre  recorded. 

1498.  Where  you  have  t^ie  temperature  up  to  100 
:  degrees  under  a  single  awning,  is  the  current  of  air 
which  is  passing  oppressive,  or  is  it  refreshing  ? — X 
have  seen  it  when  it  has  not  been  felt  particularly 
oppressive,  although  you  might  feel  a  little  languid, 
but  ihere  was  no  obetade  to  the  good  health  of  the 
men  working. 

1499.  ( Chaimum,)  Have  yon  had  any  experience 
of  a  hot  wind  in  the  tropics  ?---I  have  had  it  out  of  the 
tropics.  I  have  had  it  frequency  at  Malta,  and  I 
have  had  it  at  Lisbon. 

1500.  What  was  the  temperature  ^^e  ? — -At  lisbon 
it  was  about  95  degrees,  and  at  Malta  I  believe  that 
it  has  been  registered  above  100  degrees. 

1501.  At  Malta,  or  elsewhere,  have  yon  had  any 
experience  of  a  temperature  above  100  d^rees  ?~I 
have  not  reo<H:ded  it  m^el^  but  have  mieroly  read 
tiie  temperatiure  in  the  mornliig.  It  is  what  tliey  call 
the  sirocco  wind. 

1502.  Is  it  oonudered  that  thaw  winds  of  which  you 
are  speaking  are  more  0{q»re8aive  in  point  of  tempera- 

.  turethan  the  same  temperature  in  a  calm  ? — ^They 
we ;  they  seem  to  afiect  English  peot^e  very  much  ; 
but  I  must  Bay  that  I  have  never  seen  Ae  Maltese 
themselves  affected,  much  by  them. 

1503.  If  the  wind  was  heated  to  120  degrees,  instead 
of  100,  wonld  you  apprehend  great  inconvenience  from 
it  ? — ^Not  if  ttie  current  of  air  was  not  very  great. 
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ON  K)SSIBL£  SEFTES  OF  VTOBXISa. 


A  76         1504  ^ooldyoaprefiBracalmat  120degree8,ora 
Jfr.  T.  r.     moderate  wind  at  that  temperatnre  ^— I  afaonld  prefer 
Murrag.        moderate  wind,  because  it  prodnces  a  fueling  which 
,  _     ■       must  be  agreeable.    In  speaking  about  the  high  tem- 
16  jraeiMB.  pgj,jt,„.eg^  j        both  read  and  have  been  told  that 
in  Hbe  glass  manufactories,  in  some  of  their  places,  the 
temperatm«  veir  much  exceeds  that  which  I  have 
been  speaking  or,  and  that  the  men  do  their  work. 

1505.  But  that  is  not  continuous  work  ;  it  is  only  a 
momentary  operation  ? — I  understand  it  to  be  con- 
tinnous  work  in  some  of  the  annealing  places  ;  not  in 
the  modem  glass  works  they  have  now,  but  in 
the  old  glass  works  I  understand  that  the  tempera- 
tures were  very  much  above  what  I  have  recorded, 
and  the  men  could  work  tolerably  well  in  them; 
the  stokers  used  chiefly  to  drink  oatmeal  and  water^ 
they  were  allowed  a  quantity  of  lime  juice. 

1506.  (Mr.  Dickimon.)  Do  they  partake  freely  of 
it  ? — They  drink  it  largebr* 

1507.  What  quantity  do  they  drink  in  a  four  hours* 
diift  ?— On  an  average,  in  four  hours  I  should  say  tlut 
each  man  would  drink  a  gallon  and  a  half. 

1508.  {Chairman.)  When  you  speak  of  a  stagnant 
abnosphere  in  the  stoke-holes,  you  mean  the  absence 


of  a  stream  of  cooler  air  passing  through? — Ezaetly 
so, 

1509.  So  that  in  all  these  cases  of  hi^  temperature, 
where  Aere  is  not  that  absolute  stagnation,  yon  have 
certain  parts  of  die  stt^-hole  occupied  by  cooler  air 
which  the  men  can  get  into  ? — ^Tes. 

1510.  So  that  it  ie  not  a  uniform  temperature  equal 
to  that  represented  by  the  thermometer  ? — Not  at 
alL 

1511.  {Mr.  Dickinson.)  I  suppose  that  the  men  are 
utting  in  this  temperature  under  a  single  awning  ? 
— The  men  sometimes  are  not  allowed  to  work  at  all 
on  deck,  because  we  cannot  always  have  an  awning, 
and  they  are  kept  away  from  the  effect  of  the  son, 
whidk  very  frequently  produces  ran  stroke  uid  very 
often  fever. 

1512.  What  is  the  highest  temperatta»  you  have 
known  in  the  sun  ?-~150  d^;reeB. 

1513.  Are  you  able  to  move  about  in  that  tempera- 
tnre ? — ^It  is  not  at  all  safe  to  do  it ;  of  course  we 
avcdd  it  as  much  as  posnble.  The  negroes  can  do  it 
with  impunihr,  because  they  are  protected  on  the  top 
of  their  heads  with  such  an  amount  of  wool  that  it 
does  not  seem  to  affect  them  at  all. 


Hie  witness  withdrew. 


Mr.  R.  a 


Mb,  Reginald  Chakles  Oldknow,  H 

  1514.  (Chairman.)  You  are  an  engineer  ? — I  am. ' 

16  Jmie  1889       ^515.  Have  you  had  experience  of  the  temperature 
____  '  in  stoke  holes  in  tropical  regions  ? — ^Yes;  I  have  just 
returned  from  China, 

1516.  What  is  the  temperature  which  you  aim  at 
preserving  in  a  stoke  hole  ? — The  lowest  possible. 

1517.  What  do  you  consider  healthy  ? — I  think  that 
anything  above  120  d^rees  is  prejudicial. 

1518.  Have  yon  had  cages  of  men  being  invalided 
who  have  been  exposed  to  a  higher  temperature  thui 
120  degrees  ? — ^Yes ;  frequently.  I  have  had  cases 
of  men  who  were  unable  to  work  for  four  hours,  and 
who  were  obliged  to  be  changed  every  hom',  on 
account  of  the  high  temperature. 

1519.  What  was  the  temperature  there?  — 148 
degrees. 

1520.  At  that  temperature,  how  long  could  the  men 
woi'k? — ^It  was  a  question  of  constitntion.  Some 
men  were  strong  enough  to  work  for  llio  four  hours, 
but  others  could  not  do  so. 

1521.  Ordinary  men  would  be  invalided  if  they  con- 
tinued to  work  at  that  temperature  ? — Yes ;  average 
men  meet  certunly  would. 

1 522.  {Mr.  Dickinson.)  Do  you  find  men  of  a  fliuid 
or  of  a  different  complexion  stand  the  work  best  ? — 
I  think  that^  the  full  habited  men  have  the  worst  of 
it.  There  is  no  doubt  that,  although  stokers  may 
work  their  time  in  the  service,  it  makes  them  prema- 
ture old  men. 

1528.  {Chairman.)  Do  you  speak  of  the  ordinary 
temperature  ? — Yes,  120  degrees. 

1524.  Do  you  consider  that  a  temperature  of  120 
degrees  would  have  a  tendency  to  shorten  life  ?— I 
do,  most  certainly. 

]  525.  Can  you  form  any  idea  ci  the  limit  of  tempe- 
rature which  would  be  cfmsistent  witli  the  codinuy 

duration  of  life,  and  the  preservation  of  h«ilth  ?  

As  I  am  not  a  medical  man,  my  answer  cannot  be 
worth  much,  but  I  should  say  that  a  man  who  habitu- 
ally workod  in  a  temperature  at  anything  over  100 
degrees  would  certainly,  tpto  facto,  be  shorter  lived ; 
that  is,  supposing  that  his  hours  were  the  same  as 
those  of  a  man  habitually  working  in  a  temperature 
of  60  degrees. 

1526.  Have  ^ou  had  any  experience  of  what  are 
known  as  hot  winds  ? — Yes,  frequently. 

1527.  What  is  the  highest  temperature  which  you 
have  ever  felt  in  a  wind  ? — should  thiok  about  100 
degrees.  I  have  seen  it  marked  100  degrees  when 
the  sirocco  has  been  blowing,  both  in  Egypt  and  in 
Italy,  and  especially  in  FfUestine  j  it  is  particularly 
bad  there. 


,M.  Ship  "  Asia,"  Portsmouth,  examined. 

1528.  The  temperature  of  the  body  being  98  d^reea, 
that  would  be  a  little  above  the  temperature  of  the 
body  ? — Yes. 

1529.  Does  the  circulation  idr  at  a  temperature 
above  that  of  the  body  produce  a  heating  or  a  cooling 
effect  ? — ^It  most  decidedly  produces  a  cooling  effect, 
even  at  20  degrees  above  the  heat  of  the  blood ;  at 
any  rate  it  would  produce  a  refreshing  effect  in  conse- 
quence of  the  rapid  passage  of  the  oxygen.  I  am 
only  guessmg  now,  but  Z  think  that  it  would  produce 
a  rapid  evaporatton,  and  hence  a  cooling  eSBectf  just 
the  same  as  in  the  Arctic  regions  Uie  men  can  bear 
anything  so  long  as  there  is  a  dead  calm,  but  the 
moment  Uiere  is  a  breath  of  sdr  they  are  frozen. 

1530.  Applying  that  to  the  question  of  heal^  would 
not  the  heat  of  the  air  when  in  motion  have  a  greater 
effect  than  when  at  rest  ? — ^No.  I  do  not  think  that 
that  is  a  logical  consequ^ce.  I  think  that  whenever 
air  is  in  motion  it  produces  a  cooUng  effect,  within, 
of  course,  certain  limits.  If  a  man  is  working  in  a 
temperature  of  100  degrees,  if  you  turned  a  current 
of  300  degrees  upon  him  it  would  not  have  a  pleasing 
eSGMt ;  but  with  all  the  draughts  of  air  which  we 
have  been  able  to  turn  on,  we  have  found  the  efibct 
to  be  beneficial. 

1531.  In  the  highest  temperature  whidi  yon  have 
experienced,  have  yon  always  found  a  cooung  effect 
frwn  a  current  of  air  ?•— Tes. 

1582.  There  would  be  a  limit  to  that  ?~-Tes}  there 
would  certainly  be  a  limit  somewhere ;  but  within 
the  ordinary  practical  limits  with  which  one  ever 
meets  I  fancy  that  the  effect  of  the  idr  being  in 
motion  is  to  produce  a  cooling  effect 

1533.  {Mr.  Dickinson.)  Can  you  state  whetiber  the 
air  in  a  sirocco  wind  is  as  pure  as  the  ordinary  air 
would  be  if  warmed  up  to  that  temperature  ? — It  is 
not  half  as  pure,  because  it  is  always  moist ;  punt 
will  never  dry  in  a  sirocco  wind.  In  Palermo  and 
in  Sicily  generally  the  inhabitants  always  shut  up 
their  houses  on  such  an  occasion.  It  is  so  damp  that 
you  feel  everything  sticky  and  clammy  with  wet. 

1534.  Does  it  deposit  any  moisture  ?— Yes,  always. 

1535.  Then  the  moisture  is  a  great  drawback  ? 
— ^Undoubtedly. 

1536.  (C^mrman.)  Am  I  to  understand  that  yon 
consider  dry  air  more  refreshing  than  damp  ur  ? — It 
ia  more  refreshing.  ITie  effect  of  a  sirocco  wind  is 
to  lay  you  up  with  rheumatism  and  all  kinds  of  pains. 

1587.  Supposing  that  the  question  was  whether  yon 
could  inject  into  your  stoke  hole  dry  air  or  moist  air, 
which  would  be  the  most  refreshing? — Dry  air.  I 
think  that  moist  air  is  under  any  ciix;amstances  dis- 
advantageous. 
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1538.  {Mr.  IHchiruott.)  Do  yoa  Iedow  whether  a 
chemical  analysis  shows  that  there  is  any  impurity  in 
a  sirocco  wind  ? — I  believe  not.  I  have  known  cases 
of  particles  of  sand  being  carried  by  it^  but  I  believe 
Oat  there  is  no  chemical  imparity. 

1539.  (CAatniMi»./  It  is  ascertained  that  there  is  a 
tapid  increase  of  temperature  in  descending  in  mines, 
and  it  is  apprehended  that  at  very  great  depths  the  heat 
of  the  strata  would  produce  a  very  high  temperature 
in  the  atmosphere  in  which  the  men  would  have  to 
work ;  the  place  in  which  they  would  have  to  work 
would  be  in  many  cases  analogous  to  a  stoke  hole ; 
and  one  question  before  us  is  whether  a  circulation  of 
the  air  under  such  circumstances,  or  air  at  rest,  would 
be  more  salutary,  and,  secondly,  whether  the  moisture 
which  would  be  be  imbibed  from  the  air  at  the  sides 
of  the  passages  would  be  detrimental  or  otherwise. 
What  is  your  opinion  In  that  respect  P — I  think  that 
there  can  be  no  doubt  that  a  current  of  air  if  kept  up 
would  enable  the  men  to  work.  I  should  apprehend 
that  there  wonhl  be  no  difficaltj  in  carrying  air  by  a 
fiuu 

1540.  If  yon  have  to  carry  it  for  a  long  distance^  it 
ihea  imbibes  heat  from  its  contact  with  the  strata,  aoA 
it  also  it  appears  takes  in  moisture  ? — ^I  do  not  think 
that  there  ought  to  be  any  difficulty.  In  some  of  our 
large  manufactories  fur  is  driven  with  great  ease  for 
1,000  yards. 

1641.  {ToMr.Murray.)  Doesyour  opinion  coincide 
with  that  of  Mr.  Oldknow  as  to  the  peculiar  refresh- 
ing effect  of  dry  air,  as  compared  with  moist  air? 
—Yes ;  there  can  be  no  doubt  that  the  diy  air  is  not  so 
iignrious  as  the  moist  air. 

1542.  And,  practically,  a  man  will  work  better  in  a 
higher  temperature  where  the  air  is  diy  than  where 
the  air  is  moist  ?— Yes.  I  was  for  one  day  employed 
at  the  bottom  of  a  coal  mine  where  we  had  no  cool 
air  J  at  least  the  air  was  so  bad  that  I  was  compelled 
to  bum  the  oandles  placing  them  on  one  side  in 
order  to  keep  them  bormng  at  all. 

1548.  {Mr»  Dickinson.)  That  1  hope  was  infbnnor 
times  ;  there  is  now  a  law  prohibiting  that  ?— They 
had  done  what  I  think  is  impracticable ;  they  had 
Axed  up  a  fan,  and  they  were  feeding  the  boiler 
with  the  very  best  air  which  they  could,  so  as  to 
consume  the  fuel  ;  they  could  not  get  the  engine  to 
work  ;  it  did  not  work,  and  I  was  sent  into  see  what 
was  the  matter,  and  when  I  got  in  I  said  that  there 
was  very  little  doubt  what  was  the  matter:  that  took 
away  the  whole  of  the  air  which  was  there;  they  might 
get  air  for  one  day,  and  then  for  two  or  there  days 
there  was  no  possibility  of  getting  any  air  at  all. 

1544.  {Chamnan  to  Mr.  Oldl^otD.)  When  men  are 
invalided,  in  what  way  are  they  affected  by  a  veir 
high  tempontore? — In  various  ways.  Some  men  flul 
down  in  a  fit  of  apoplexy ;  but,  in  a  general  way, 
the  disease  is  phthi^  or  enlai^^ement  of  Uie  liver. 
The  dicnmstances  of  the  men  working  in  a  mine 


are  never  the  same  as  vit3i  stokers,  because  stokers 
in  the  Royal  Navy  are  never  allowed  intoxicating 
drinks,  except  in  a  very  limited  quantity  ;  whereas 
the  m^  woiking  in  a  mine  drink  double  wliat  stokera 
do,  as  a  general  rule.  Hie  stokers  have  two  h^f 
gills  of  rum  a  day,  as  a  maximum,  with  donMe  the 
quantity  of  water. 

1545.  Do  you  consider  that  stimulants  in  moderation 
are  favorable  to  the  men  standing  the  work? — Yes; 
and  that  in  excess  they  are  poison. 

1546.  Then  in  fact  people  working  in  such  high 
temperatures  as  that  would  have  to  be  exceedingly 
careful  ? — ^Yes.  Officers,  who  are  nulimited  as  to  the 
amount  of  idcohol  which  they  consume,  are  invalided 
irom  tropical  climates  in  large  numbero,  and  in  many 
cases  the  cause  is  imprudence. 

1547.  {Mr,  Dickinson.)  Men  employed  in  the  mines 
at  high  temperatures  are  not  allowed  to  take  stimu- 
lating drinks;  for  instance^  beer  is  not  allowed  in  the 
coal  mines? — ^But  when  they  oome  out  at  night  they 
take  intoxicating  drinks. 

1548.  {Ckairvum.)  Are  black  men  employed  at  all 
as  stokers  ?— Yes.  On  the  coast  of  Africa  there  are 
what  are  called  kroomen,  who  have  a  spedal  rate;  and 
in  the  F^nsulu-  and  Oriental  Steam  Company's 
steamers  fyom  India  and  China  there  are  Lascars  and 
Malays.  They  never  touch  iptoxicating  liquor  ;  they 
eat  rice  and  drink  water. 

1549.  {Mr.  Geddes.)  Do  you  aUot  them  mwe  than 
eight  hours  a  day  for  work  ? — No. 

1550.  {Mr.  Dickinson.)  Bi  what  temperature  do  the 
Malays  work  ? — ^At  166  degrees.  These  are  the  men 
who  go  firom  Suez  to  Point  de  Galle  in  Ceylon. 

1551.  {Chairman.)  Do  you  think  that  Europeans 
could  stand  that  temperature  ? — No  ;  they  would 
stand  it  for  a  Uttle  time.  There  is  the  experience  of 
our  own  troop  ships. 

1552.  {To  Mr.  Murray.)  In  the  extreme  case  of 
180  degrees,  which  yon  epoke  of,  had  you  Europeans 
or  bla^  ? — ^Tbey  were  all  Eui'o^eaas.  They  were 
fine  muscular  men  ;  there  was  notbmg  but  musde  aa 
tima,  and  when  I  got  these  men  selected  the  surgeon 
said  that  he  could  scarcely  understand  it;  Uiey  were 
certainly  the  healthiest  men  in  the  sldp,  notwith- 
standing the  amount  of  hard  work  which  (hey  had 
under  the  extreme  temperature  to  which  they  were 
subjected.  They  certainly  had  no  opportunity  of 
indulging  in  any  intemperance,  but  they  were  all 
picked  men. 

1553.  {To  Mr.  Oldknow,)  Is  it  the  practice  in  the 
navy,  in  very  hot  climates,  to  avoid  the  use  of 
Europeans,  and  to  substitute  kroomen  and  blacks  ? — 
That  is  only  done  on  the  west  coast  of  Aii-ica.  In 
China  about  20  per  cent,  are  Chinamen,  but  as  far  as 
my  experience  goes  they  are  not  so  good  as  the 
orainaiy  En^isfamen.  As  a  rule,  throughout  the 
world  we  have  our  own  English  stokers. 


A  77 

Mr.  R,  C. 
16  June  1869. 


The  witnesses  withdrew. 
Adjourned  to  Thursday,  15th  July,  at  12  o'clock. 


ErideDce  of  Jobv  Bbowv,  !E8q.,  of  Banidey,  taken  80  Hay  1868 ;  see  page  A  19. 


1554.  (CAotrman. )~-What  opportunities  have  you 
had  of  observing  the  ratio  of  increase  in  the  earth's 
temperature  ?•— Until  recently  I  have  not  made  any 
experiments,  although  I  have  had  opportunities  of 
doing  so,  but  I  have  not  done  it  until  within  the  last 
few  weeks ;  and  I  am  afraid  that  the  information 
which  I  have  is  not  sufficiently  complete  to  base  very 
much  upon  it.  There  are,  however,  I  think,  a  few 
very  interesting  fiwts,  and  I  shall  be  glad  to  supple- 
ment my  evidence  in  writing,  and  to  make  a  few  ad- 
ditional experiments.  I  have  not  made  any  experi- 
ments in  any  shaft  as  to  the  varying  temperatures 
ftom  the  snrnce,  desomding ;  what  I  have  are  only 
the  tempentnree  in  the  mine  itself,  and  they  are  the 
temperature  of  the  ur  and  of  the  coal.  I  can  have 
some  observations  made  at  various  depths  in  the 
shafts. 


Jokit  BroM/itf 
Eaq. 

1555.  What  is  the  observed  relation  between  the  

temperature  of  the  strata  and  that  of  the  air  iu  deep   SO  ^7  1B68. 
mines  ? — I  will  quote  a  few  experiments  which  have     ^— — 
been  made  during  the  last  week  at  two  collieries  in 
Yorkshire,  one  called  the  Sharlston  colliery,  at  a  depth 

of  335  yards  from  the  surface,  and  the  other  the 
Victoria  colliery,  near  Wakefield,  at  485  yards  from  the 
surface.  These  are  new  collieries,  but  tiiey  are  col- 
lieries where  we  are  in  |ax>cess  of  extracting  coaL 
They  have  very  recoitly  been  opened, 

1556.  They  are  in  use  ?— 'Yes.  At  the  surface  of 
the  ground  at  Sharlsten  the  temperature  of  the  air  in 
the  shade  was  65  degrees  Fahrmhelt ;  at  the  bottom 
of  the  downcast  shaft  it  was  58  degrees.  That  was  at 
a  depth  of  385  yards.  I  have  had  in  that  pit  two  bore 
holes  put  in  the  coal.  As  I  have  already  stated,  the 
colliery  has  not  loeou  long  working.   One  bore  ludc 


X  8 


Digitized  by 


Google 


158 


OK  voasmm  depths  or  yrowsi^M 


^  7g  was  250  yarda  from  the  pit  bottom,  it  practically  being 
Ma  Bream  '■^^  bottom.    All  the  ventila- 

Eaq.    '    tlon  was  taken  off  m  much  as  possible  irom  that  place, 

•   BO  as  to  reduce  it  as  nearly  as  might  bo  to  the  natural 

SO  llaj  1868.  temperature,  and  tJie  hole  was  bored  two  yards:  deep 

  ■     in  the  aide ;  the  thickness  of  the  seam  being  about 

dght  feet.  The  thermometer  was  inserted,  and  re- 
mained in  the  hole  two  days,  the  whole  being  closed 
by  the  small  slaak  whioh  was  drilled  out  of  the  bQle» 
and  there  was  as  littb  air  paBsing  aa  wonld  allow  any* 
person  to  examine  it  The  temperature  of  the  air  in 
the  heading  was  63  degrees,  and  the  tempo-atate  of 
the  coal  was  65  degrees.  In  another  bore  hole,  in 
another  direction,  at  a  distance  of«270  yards  from 
the  pit  bottom,  the  experiment  being  made  under  pre- 
cisely similar  circnmstanoes,  the  temperature  of  the 
air  at  the  place  being  66  degrees,  the  temperature  of 
the  coal  was  65  degrees. 

1557.  That  was  at  the  same  depth  ?— Yes.  I  have 
also  three  experimoits,  taken  in  three  different  parts 
of  the  woi^ings,  in  order  to  ascertain  the  temperature 
of  the  air  passing  at  the  time,  taking  the  quantity  of 
air,  and  the  number  of  faoraes  uid  men,  so  aa  to  see 
whedier  that  woi^  Imto  any  efieet  At  one  place, 
300  yaida  from  the  pit  bottom,  whwe  the  men  are  at 
work  in  the  pit,  the  temperiitnre  was  65  degrees ;  in 
another  |4ace,  880  yards  fxxaa  the  abaft  bottom,  the 
temperature  was  66  degrees  ;  in  the  third  place,  240 
yarda  from  the  bottom,  the  temperature  was  also  66 
d^;ree8 ;  all  those  experiments  being  nuido  as  nearly 
as  possible  simultaneously.  On  only  the  day  before 
yesterday,  after  the  pit  had  ceased  working  from 
Saturday,  I  had  another  experiment  tried  in  order  to 
see  whether  the  horses  and  lights  would  have  much 
effect  upon  the  temperature,  there  being  a  given 
quantity  of  air  passing.  At  the  surface  of  Uie  ground 
on  Monday  morning,  before  the  men  went  to  work, 
the  temperature  was  58  degrees,  that  being  seven  de- 
grees less  than  on  the  previons  occasion.  At  the 
depth  of  385  yards  the  tempranture  was  55  degrees  on 
Monday,  as  compared  with  58  degrees  previously  ;  in 
both  cases  the  temperature  at  the  up-cast  mt  bottom 
-was  60  degrees,  although  there  was  a  difference  on 
the  surface  of  seven  degrees,  and  of  three  degrees  at 
the  downcast  pit  bottom  ;  the  temperature  at  the  up- 
cast was  the  same  in  both  cases. 

1558.  In  one  case  you  have  a  high  temperature  at 
the  surface,  and  you  have  men  and  horses  in  the  mine  ; 
and  in  the  other  case  you  have  a  low  temperature  at 
the  surface,  and  you  have  no  men  and  horses  in  the 
mine? — ^Yes. 

1559.  Might  not  the  one  neutr^ze  the  other  ? — I 
have  made  a  good  many  experiments  at  the  upcast 
pit  bottoms  after  the  air  has  passed  through  the  mine, 
with  all  kinds  of  temperature  at  the  surihce,  and  I 
win  show  yon  that  it  varies  very  little.  I  have  men- 
tioned three  places  at  which  I  had  the  temperature 
taken  at  a  varying  distance  ftom  the  shaft  when  the 
men  were  at  work.  I  also  had  the  temperature  taken 
on  Monday  whilst  the  works  were  etandmg.  In  the 
first  place,  whereas  the  temperature  stood  at  65  degrees 
when  the  men  were  working,  it  stood  on  Monday  at 
60  degrees,  being  a  &lUng  off  of  five  degreea.  At  ■ 
another  place  where  it  stood  previously  at  66  degrees, 
it  stood  at  62  degrees  on  Monday,  being  a  falling  off 
of  four  degrees.  And  at  the  third  place,  where  it  was 
66  degrees  on  the  first  experiment,  it  stood  on  Mon- 
day at  61  degrees,  being  a  difference  of  five  degrees. 
These  distances,  b^ng  comparatively  near  the  shaft 
bottom,  were  more  innnenced  by  the  difierenoe  of  tem- 
perature at  the  surface  than  some  which  I  sh^  men- 
tion in  another  pit.  I  intend  to  have  the  temperature 
of  the  cbal  taken  immediately  at  the  shaft  bottom,  in 
order  to  see  whether,  during  the  year  and  a  half  for 
which  H  has  been  opened,  it  is  at  the  same  temperature 
as  it  stands  at  in  -the  mine  which  has  just  recently 
been  cut ;  and  X  intend  to  try  it  in  the  shaft,  and  to 
tiy  the  temperature  of  the  strata  as  well. 

1560.  (Mr.  Geddes,)  This  is  a  comparatively  new 
coUieiy,  is  it  not  ?— i  es ;  the  coid  was  won  about 
18  months  ago.  ' 


1561.  {Ckttirviem.)  What  eonolntf to  do  joaoame 
to  in  this  cnso'^as  to  the  men  and:  horses  cassiB^  ni 
increase  of  heat  ? — I  can  scarcely  show  you  aa^ 
difference  in  that  case^>l«it  I  tfaihkthat  I  can  do  soio 
another  case.  I  think  thBt,:wiUuBamaderate' distance 
from  the  shaft,  probably  a  reduqed  temperature  at  the 
surface  eompeoeates  Sac  the  preseoee  of  the  men  and 
bwses  I  but  when  the  diatimce:  i*  von^dersUy  in- 
creased, I  think  that  ihe  tampenftira  at  the  sor&ee 
will  gradually  have  la»  eflbot,  and  that  tii»  ieiBiwntnra 
will  coosiderahly  increase  zehNkT^,  in  consequoDoe 
of  the  preseace  of  tha  mett.and  horsea. 

1562.  Bo  you  think  ^at  the  heat  from  men  and 
horses  will  materially  operate  ia-the  <nndinaj7  woi^ing 
of  a  mine  to  raise  the  tenperatnre  of  the  air  ?--^eB, 
unless  compensated  for.  Apart  from  that  ctmipensatiom 
I  think  that  it  will  matorially  affect-  the  tamperatute 
of  the  mine,  but  less  in  propoictian  at  ■  inereaang 
depths. 

1 563.  Do  yon  attribute  the  obaoived  high  temper*- 
ture  in  deep  miims  to  the  heat  evolved  from  :the  men 
and  horsea  and  lamps,  or  in  a  much  greater  degree  to 
the  d^th  of  the^mine  ? — thii^  that  it  ia  due  in  a 
much  greater  degree  to  -Ae  depdi.  •  la  ^ha  Victoria 
eolliety  near  Stanly,  oni  Satmday^  May  the-  16t^ 
the  temperatare  of  the  aSr  0R<the  sorfaoe  inthe  shade 
was  68  degreea ;  on  the  Monday  monusg  it  wu  58 
degrees.  The  temperature  of  die  air  at  the  bottom 
of  the  downcast  shaft  at  485  yonh  from  the .  sur&ce 
on  Saturday  was  61  d^rees,  end  on  Monday  morning 
it  was  57  degrees,  being  a  faliiug  off  of  four  degrees^ 
the  difi^rence  of  the  surface  tempenttnre  being  fire 
degrees.  The  temperature  at  the  ii|»cnBt  pit  bottom 
on  Saturday  morning  with  112,560  cnbic  «eet  of  air 
passmg  was  72  degrees^  having  passed  140  men,  140 
lights,  and  12  horses.  On  Afondi^  the  temperature 
at  the  same  place  was  71^  degrees)  being  only  half  a 
degree  less.  At  250  y^s  from  the  pit  batton^ 
measored  laterally,  on  Saturday  tfafttemperatiiTe  was 
64  d^prees,  and  on  Modd^  it -was '62  defjpreesj  baiBga 
difibrence  of  two  degrees.  At  dOO  yiffds:  from  'uie 
bottom  the  temperature  of  -the'sir  was  68  dwrces  on 
Saturday,  and  68  degrees  on  Monday.  On  Saturday 
the  temperature  of  ^e  coal  was  taken  at  600  yards 
from  the  shaft,  the  experiment  being  made  ia  a 
similar  way  to  the  one  previously  described,  a  bore 
hole  of  two  yards  deep  being  made,  and  the  ifaMino^ 
meter  remaining  fbr  two  days,  the  hole'  being  closed 
with  slack,  and  tbe  temperatare  of  the  air  at  the  plaoe 
was  75  degreen,  and  the  temperature  of  thecoal  m  th^ 
bore  hole  was  78  degrees.  That  was  at  h  dGf>th  of 
485  yards,  and  at  a  distance  of  600  yftrds  frfna  Ae 
shaft  laterally. 

1564.  Have  you  anything  to  Show  flle^empeiMore 
of  the  air  when  the  air  was  oSvcu)aftn^'-at'  tiie  same 
place  ? — ^At  a  phice  SO^yi^s  .dtstadt  firom  thHt  it  waa 
tested,  but  not  when  Uie  atr  was  passing.  The  tem- 
perature  of  the  air  was  70  d^rees. 

1065.  So  that  there  is  a  difference  of  five  degrees 
betwera  the  (urculating  air  and  the  st^nant  air?— 
Yes. 

1 566.  There  is,  therefore,  arcase  of  aotoal  reduction 
to  the  extent  of  five  degrees, '1)eiiig  prtfdoced  by  tiie 
circulation  of  air  ? — ^Yes.  - 

1567.  there  a  full  oireiiUtlon  of  wr  thefe?-r- 
No,  it  was  only  a  slight  cireolatiod  of-,  air*  I  think 
that  what  I  have  stated  is  all  the.  reliable  ii^>rfeaati(m 
which  I  have  as  regards  experiments. 

1568.  As  a  matter  of  opinion,do  you  think  that  the 
temperature  at  the  place  which  you  speak  of  would 
havo  been  much  lower  than  yon 'state  if  there  had 
been  a  fbU  circulatiMi  instMd  of  a  partild  one  ? — 
Yes ;  but  without  trying  more  experiments  J  cannot 
state  what  quanti^  would  be  rei^ired  at  that  par- 
ticular point  to  reduce  the  temperatare  a  given  num- 
ber of  degrees,  having  ^refier^ee  also  to  the  surface 
temperature. 

1669.  Of  course  the  greater  the  lateral  distance 
from  the  shaft,  the  more  diflictiltr  it  irould  be  to  effect 
that  reduction?— It  would. 
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l&IO,  (Mn  Geddes.)  Do  70a  see  any  practKal  diffi- 
culty at  present  in  the  sinking  of  shaAe,  having  r^ard 
to  daeans  of  Tentilation.  Haye  ynu  turned  that 
subject  in  your  mind? — have  thw^lKt  a  good  deal 
upon  diat  Bulgece,  and  I  adi 'p>e^u«d  to  i^eak 
upon  H.  ' 

Id71.  {Mn  Woodhouse,)  The  wds  "  full  civcala- 
tion  "  have  been  mentioned';  by- "  foil  circulation'*  do 
yon  mean  the  proper  qnantlly  «f  aiii  ruanipg  through 
the  mine  when  so  full-  opmitioa  ?-r-Tes  j  &6  proper 
qnaatity  to  be  used  «t:  that  -^m^  it  ii  vere  k  working 
place* 

1572»  Ton nieanibrordSDafy-vtwkfaig purposes?— 
Tes,  for  safety  and  comfort,  and  not  with  a  riew  to 
lednoing  the  tempenttore.'  -  ' 

1578.  (Cftaln>Km.):l8-heat»tdlated  or  tbrowii  off 
from  the  snrfsoft-  of  drifts  in  workings ;  and  if  so, 
how  rapidly  will  the  8tr^  eeol  by  exposure  ^—M;^ 
hnpression  is  that  it 'is  SCrto  Sbme'  extent,  but  I  have 
numeuis  of  giving  a  positive  opinion  from  exp^ 
mentfl.  I  tibhlk'  Ihst  the  a^ta  will  cool  to  some 
extent,  but  I-  caniidl  sAr  bow  rapfdfy.  That  is  one 
zteason  why  I:Bhoald;wish  to  try  the  experiment  at  a 
'■collier^  wheTC'a  largig  current  of  air  bad  been  jwsaing 
•inioitfiMT  a  Tflry  loAg  time.  I  can  tiy  some  further 
■ffl^erimenti^  thongh-  n<»t  -perfai^  at  gnai  depths.  I 
I'can  try  some  f6?tbor  experiments  in  cdli^es  wliich 
have  been  wM-king  f<dr  nmnber'of  y^orB,  so 

as  io  see  «lietl|ep-nte"tempera^re  has  been  lowered 
in  the  shaft  as  compared  with  iiewly  cut  ground. 

-  1674.  At  what  depth  wouM.  tbe  positions- -be.?— I 
can  try  them  at  ftboitt  SptX-yards.  I  cannot  try  ihein 
■deepOT  thui  thai:  T'prop^se'to  do  this  at  the  'Victoria 
eolUery.  We  are  theVe  v^Drkirig' font  Htfetens  seams 
of  coal  at  vvying  dcpthii  &oiu  thE»  ?ur&ce,  and  I 
thought  that  I  shc^d  like  to  'try  the  femperatures  at 
various  parts  there,  so  as  to  see  whether  there  was 
any  ratio  at  increased  d^pCh^  upon  which  one  could 
form  an  opinion.  I  may  mention,  as  fegarda  ques- 
tion 1 1,  that  I  do  not  thtiik  that  the  strata  would  cool 
rapiiUy  by  exposure. 

1576.  {Afr.  Woodhouse.)  Have' you  any  particular 
reason  for  arriving  at  that  conclusion  ? — No  more 
thui  this  :  that-not'hayiag  taken  the  temperature 
n  thermometer,  but  Judging  from  frequently  being  In 
tiie  mine  under  the  same  circumstances,-  a  given  quan- 
tity of  air  passiug  at  ptie  place,  I  cannot  perceive  any 
sensible  difference.  '  • 

1576.  You  are  now  speaSing  of  the  strata? — I  am 
Speaking  of  the  coaL 

1577.  {Chairman.)  You  are  speaking  of  the  sensible 
temperature  of  the  air? — Tes;  of  the  sensible  tem- 
perature of  the  air  under  ihe  same  circumstances,  at 
varying  times.        "  . 

1578.  Of  course  if  the  coal  diminished  hi  tempera- 
ture yon  wo;ild  presume  that  the  temperature  01  the 
air  woiild  diminish  ? — ..Yes.  '  " 

1579.  And  from  the  temperature  of  the  air  remain- 
ing the  same,  yon  do  not  think  that  the  temperature 
rtF  the  coal  is  sensibly  varied?— That  is  my  impres- 
rion. 

1680.  In  the  experiments  to  which  yon  refer,' was 
{he  temperature  at  the  surface  taketi  simnltimeonsly 
with  that  below  ground  ? — They  were  talcen  within 
a  very  few  miuutes  of  each  other,  the  object  being 

-that  they  should  not  .be  talcen  simultaneously,  but 
that  one  person  should  read  the  whole,,  instead  of 

-having  persons  stationed  at  different  points.  ' 
■   1581.  {Mr.  Dickinson.)  Ofthese  experiments  whiA 
^nu  have  put  in,  how  many  were  tiUten  in  the  coal 
Itself? — Three  in  the  coal  itself;  two  in  one  colHery, 
and  one  in  another. 

1682.  In  each  of  these  experiments,  if  60  feet  from 
the  surface  be  taken  as.  the  depth  at  which  jio  varia- 
tion of  temperature  takes  place,  what  is  the  average 
depth  in  feet  at  which  ycu  find,  an  increase  of  one 
degiee  of  temperatore  ?  Taking  a  constant  tenqiera- 
tun  at  60  feet,  whirt  would  tie  we  increase  of  tempe- 
rature at  the  depth  of  which  you  have  spoken  ?— I 
have  taken  the  two  cases  ;  there  is  a  considerable 

-  difi^nce  between  the  two/ '  tn  the  cftse  of  the  tifaaft 


836  yards  deep,  the  temperature  being  66  in  the  coal,       A  79 
it  leaves  an  excess  of  1 5  degrees  over  the  mean  annual   John  Brown, 
temperature.    That  gives  63 -66  feet  for  every  degree,  JEtq. 
and  in  the  other  «ase  it  is  50  feet  for  every  degree.   

1583.  Where  that  60  feet  is,  was  the  temperature      May  1868. 
taken  in  the  coal,  or  merely  in  a  chamber  isolated  " 
from  the  air?— It  wais  taken  in  the  coal  in  a  hole 
-bored  two  yards  deep ;  the  thermometer  being  left  for 
two  days,  and  there  heing  no  wator,  it  bmng  a  per- 
fectly dry  mine. 

1684.  Would  there  be  mu6h-difibrenoe>ta  the  height 
iftMvethe  seta  lev^  at  Whidh  these  respective- depths 
are  tidten  ?— I  do  not  think  that  Aere  ia  very  mnoh 
•dif^ence.  In  the  case  of  the  shtdlower  shofr,  335 
Vardri  deep,  the  surface  is  about  240  feet  above  the  sea 
level,  and  in  the  other  case  H  Is  140  feet ;  there  is  a 
difference  of  about  100  feet. 

1585.  Then  in  the  pit  which  is  the  deeper  of  the 
lwo,  you  actually  find  an  increase  of  temperature 
•greater  than  what  takes  'place  in  the  shallower  pit  ? 
— It  is  more  rapid. 

1586.  Down  to  486  yards  in  depth  you  find  an  in*- 
crease  of  one  degree  of  temperature  for  each  50  feet, 
while  in  the  pit,  335  yards  deep,  yoa  get  it  »t63  feet? 
•^Tes. 

1 687 •  Bat  instead  of  its  being  in  a  diminishing  ratio 
as  to  depth,  it  is  in  an  increasing  ratio  ? — Tes,  that  is 
so  aetWdhig  to  these  experiments,  but  I  think  that 
they  vnmt  confirmation.  These  two  places  me  4>etween 
three  and  four  miles  apart. 

1688.  WheM  these  holes  were  drSled  into  the  coal, 
has  the  ground  b^  newly  op^ed  ?— Pwhaps  in  the  " 
last  two  or  three  months. 

■  1689.  It  ia  not  in  the  face  of  a  winning  drift  ?— No 
I  thought  that  it  was  far  beyond  ihe  influence  of  any 
cooling  which  could  have  taken  place.  I  think  that 
the  heat  is  continually  supplied.  In  the  same  way  as 
in  the  upcast  pit  when  the  furnace  is  let  out,  the  tem- 
perature will  keep  pretty  much  the  same  for  a  consi- 
derable time. 

1590.  {Mr.'  Geddes.)  We  have  had  shafts  sfuken  to 
of  300  yards,  and  one  of  800  yw^s;  Do  yon  consider 
that,  practically  speaking,  there  is  any  real  difficulty 
in  working  coal  ^here  our  present  deptiu  would  reaeh? 
— I  have  scarcely  bcien  able  to  come  to  any  conclusi<m 
as  to  what  would  be  the  proper  limiti  I  think  tbit 
as  the  time  arrives  when  we  get  down  to  these  deeper 
seami^  the  question  will  be  partly  met  by  an  increased 
ventilation,  ip  consequence  also  of  the  advantages 
which  a  deep  shaft  gives  for  ventilation  over  a  shallow 
one  ;  and  I  think  that  possibly  some  artificial  cooling 
might  come  into  operation.  I  have  thought  that  if 
the  temperature  of  a  mine  became  so  excessive  that  a 
man  could  not  work  to  advantage,  we  should  then 
resort  to  mechanical  means  for  working  the  coal ;  and 
I  think  that  nothing  is  so  likely  to  be  efficacious  for 
that  purpose  as  compressed  air,  it  giving  off  a  cooling 
influence.  To  what  extent  that  effi»t  would  be  pro- 
duced I  cannot  say  ;  but  it  has  been  proved,  where 
that  machine  has  been  adopted,  that  a  cooling  influence 
has  been  given  off'  from  the  machine.  Probably  at  the 
prwnt  day  we  cannot  tell  what  might  be  required 
200  or  800  years  to  come,  hut  no  doubt  those  diffi- 
cuMes  wonid  be  mot. 

1501.  (CAatrmaK.)  3,000  feet  would  give  an  increase 
of  50  degrees  ? — Tes. 

'  1592.  Which  added  to  the  constimt  temperature  of 
the  surface  would  give  100  degrees  ? — Tes,  it  would 
appear  so. 

1 593.  Would  you  apprehend  that  at  that  depth,  with 
a  state  of  heat  at  100  degrees,  there  would  be  any- 
practical  difficulty  in  working  the  coal  ? — ^No  ;  I  think 
that  that  difficulty  might  be  met.  I  apprehend  that 
ftien  could  not  work  at  a  temperature  of  lOO  degrees. 

1594.  How  much  do  yop  thinjk  that  by  ventilation 
the  temperature  of  the  mine  could  be  r^uced  below 
100  degrees  ?— That  will  depend  in  a  great  -  measure 
upon  the  lateral  distance. 

'-  1695.  Can  you  form  any  Ida  ot  how  mntA  mere 
ventilation,  without  meclumical  appliances,  would  re- 
duce the  temperature  ?<!-I  am  not.  aUe  io  anin^r  that 


,W!iiJ. tLi w      -ivr  0 ■  "J 


Digitized  by 


Google 


160 


OK  POSSIBLE  DEPTHS  OP  W0BKZN6. 


A  80 

Jolm  Brotm, 
Etq. 


questioD  now.  It  would  require  more  consideration 
since  trying  these  experimentB,  and  even  then  I  cannot 
say  that  I  could  form  a  definite  opinifm.  If  the  lateral 
distance  from  the  shaft  were  comparatively  small,  a 
aoHay  IMS.  consider^le  reduction  would  take  place;  bnt  I  appre- 

 hend  that  as  the  shafts  become  deeper  we  must  woik 

at  a  greater  distwice  away  from  the  shaft. 

1596.  'Vhe  question  is  whether  by  known  and  prac- 
tical appliances  there  is  any  prospect  of  keeping  down 
the  temperature  at  these  great  depths.  If  you  con- 
uder  the  enormous  volume  of  air  which  is  circulated, 
and  the  small  quantity  of  wr  in  a  compressed  state 
which  yon  could  possibly  liberate  under  those  circum- 
stances, it  appears  to  me  that  it  would  involve  an 
immense  expense  without  mack  result? — It  would 
involve  expense,  but  I  am  supposing  that  the  tempe- 
rature is  such  ^t  men  could  not  work,  and  that  you 
must  have  mechanieal  means  of  producing  air. 

1597.  It  involves  a  very  much  more  expensive  con- 
dition of  working  the  mine  ? — ^No  doubt    I  cannot 


say  what  reduction  of  temperature  might  be  reason- 
ably expected  to  be  obtained  in  the  temperature  of 
the  earth  equal  to  100  degrees,  at  a  moderate  distance 
away  from  the  shaft. 

1598.  (Mr.  Woodhoute.)  What  do  you  consider  a 
moderate  distance ;  are  you  aware  that  in  some  in- 
stances it  is  a  mile  or  two  miles  ? — Yes. 

1599.  That  you  considCT  quite  practicable? — Yes. 

1600.  Have  you  considered  the  application  of  laiger 
machines;  could  not  they  be  applied  to  produce  a  great 
cooling  influence,  namely,  by  pasang  a  larger  volume 
of  air  through  ? — Yes,  that  is  my  opuiioiL 

1601.  Could  not  that  be  done  to  a  very  great  extent? 
—Yes }  and  in  that  case  I  should  not  deaJ  with  ques- 
tions of  50,000  or  100^000  feet,  but  I'should  come  to 
500,000  feet. 

1602.  Wouldyou  think  that  it  might  be  d<aie  by 
rareiaction  ?— Yes ;  I  am  strongly  disposed  to  recom- 
mend rarefaction. 

1603.  Would  it  make  any  difierence  whether  die 
intake  and  the  return  of  the  air  must  traverse  a  long 
distance  or  not  ?— No ;  I  should  still  be  strongly  dis- 
posed to  adopt  the  furnace  system  instead  of  the 
mechanical  system.  I  have  gone  into  that  question 
to  some  extent.  I  think  that  thei-e.  is  one  point  upon 
which  I  should  speak  now.  I  have  some  experiments 
showing  how  little  the  t«mper&tnre  changes  after  it 
has  passed  over  a  long  distance  of  a  mine.  One  of 
these  collieries  is  the  Lnndhill  colliery  in  Yorkshii-e, 
at  a  depth  of  220  yards.  In  January  1865  the  tem- 
perature at  the  surface  being  40  d^rees  the  tempe- 
rature of  the  air,  with  98,000  feet,  just  about  at  the 
entnmce  into  the  upcast  shaft,  was  57  degrees. 

1604.  {(^airman,)  After  circulating  how  much  ? — 
Probably  2^  miles. 

1605.  What  is  the  difierence?— 17  degrees.  Itwas 
17  degrees  less  on  the  sur&ce  than  in  the  mine.  lii 
July  of  the  same  year,  with  about  the  same  quantity 
of  air  passing,  the  temperature  on  the  surface  was  71 
d^rees,  and  in  the  pit  it  was  61  degrees,  being  four 
degrees  higher  in  the  pit  than  it  was  in  January,  and 
SI  degrees  higher  on  the  surface. 

1606.  The  variation  on  the  surface  had  not  been 
attended  with  anything  like  a  corresponding  variation 
below  ? — ThAt  is  so.  Extending  over  a  period  of  a 
joar,  the  minimum  temperature  in  the  pit  was  57 
degrees  at  the  upcast  shafts  the  maximum  being  64 
degrees ;  bnt  that  was  an  exceptional  case,  which  I 
can  scar^sely  account  for,  and  I  think  that  it  must  have 
been  a  mistake. 

1607.  Striking  that  out,  what  doee  it  amount  to? — 
Taking  the  average  of  the  ottier  observations,  it 
would  be  merely  a  diffisrence  of  three  degrees;  57 
degrees  would  be  the  minimum,  and  60  d^rees  the 
maximum  all  the  year  round,  with  a  difierence  of  tem- 
perature on  the  surface  of  ftom  30  to  40  degrees. 

1608.  Then  if  the  circulation '  of  colder  air  in  a 
mine  does  not  reduce  the  temperature  in  the  mine, 
would  you  anticipate  that  the  circulation  of  a  larger 
quantity  would  reduce  the  temperature  ? — It  would 
zvduce  it  mwe. 

1609.  One  would  think  that  the  heat  would  be 
carried  oiF  17  intrododng  cold  wr,  just  aa  much  as 

The  witness  withdrew. 


by  introducing  a  large  quantity  of  iur  of  the  same 
temperature.  Do  you  understuid  m^  point  ?— I  do. 
I  have  another  case  in  th^  district,  m  another  seam 
of  coal  240  yards  deep,  in  which  ihe  minimum  tem- 
perature at  we  pit  bottom  was  60  d^rees  tiironghoat 
the  year,  and  the  maximum  was  65  d^rees.  On  cm 
day  in  January  the  surface  temperature  was  30  de- 
grees, and  in  the  mine  it  was  60  degrees.  In  July  of 
the  same  year  the  surface  temperature  was  80  de- 
grees in  the  shade,  and  it  was  64  degrees  in  the  pit. 

1610.  (Mr.  ffoodAowe.)  When  you  give  us  30  de- 
grees as  tiie  surface  temperature,  what  was  tibe  tem- 
perature of  the  return  air,  after  goiqg  through  the 
mine  ? — 60  degrees. 

1611.  I  take  it  that  there  is  only  a  certiun  qnantilj 
of  heat  given  off  throughout  the  galleries  of  the  mine 
under  any  circumstances  at  any  time  ;  and  that  the 
quantity  of  heat  given  off  will  bathe  same?— Yes. 
I  do  not  remember  the  figures,  bnt  I  know  that  we 
considered  it  perfectly  ascertained  some  years  ago 
that  at  the  Oaks  odliocy  the  temperature  at  the  pit 
bottom  varied  even  leas  than  these  cases  do,  in  the 
hottest  day  in  snmmei',  and  the  coldest  day  in  winter. 

1612.  {Mr.  Dickinson.)  In  these  temperatures  of 
the  air  below  ground  of  which  have  spoken,  what  is 
the  difference  in  the  quantity  of  air  circulating  through 
the  mine  per  minute,  at  the  different  times  referred 
to  ? — The  actual  difference  is  9,000  feet.  It  does  not 
exceed  10  per  cent.  I  consider  that  practically  there 
is  no  difference  whatever. 

1613.  Supposing  that  instead  of  that  small  difference 
in  the  quantities  you  had  doubled  or  trebled  the  quan- 
tity of  air  circulating,  would  you  not  expect  to  find 
an  i^ipreciable  difierence  in  the  temperature  of  the  air 
circulating  through  the  gaUeriea  ? — Yes.  I  should 
consider  &at  there  would  be  a  very  consideralile  re- 
duction. 

1614.  In  giving  your  opinion  as  to  the  temperature 
of  the  air  in  mines  being  nearly  unifium,  whatew 
the  temperature  of  the  air  may  be  on  entering  the 

mine,  do  you  base  that  opinion  upon  experiments 
which  have  been  made  at  collieries  with  probably  a 
unifonn  quantity  of  air  running  through  the  mine  ;  or 
have  you  taken  a  set  of  experiments  in  the  same  mine 
with  a  greatly  different  quantity  of  air  circulating  ? — 
I  have  not  nwde  the  experiments  in  collieries  where  a 
different  quantity  of  air  was  passing.  All  my  experi- 
ments are  in  very  fiery  collieries.  The  experiments 
have  reference  to  a  uniform  quantity  of  air  circulating 
in  the  mine,  notwithstanding  a  variation  at  the  sur* 
face. 

1615.  Those  observations  have  been  taken  in  col- 
lieries where  the  state  of  the  colliery  has  been  the 
same  in  successive  years  ?  —  Yes,  excepting  the 
gradual  extension  without  any  great  difference  in  the 
circumstances  of  the  dia& 

1616.  (Mr.  Woodhoute.)  Aasnming  that  the  tem- 
perature at  the  surface  is  55  degrees  and  that  the 
quantity  of  90,000  is  reduced  to  45,000,  what  would 
be  the  temperature  of  the  return? — I  cannot  stnte 
positively,  but  the  temperature  of  the  return  would 
be  incre^ed. 

1617.  {Chairman.)  Do  you  see  any  difficulty  without 
interfering  with  the  working  of  the  colliery,  in 
carrying  an  experimental  boring  from  the  bottom  of 
the  same  deep  shaft,  with  the  view  of  ascertaining 
the  temperature  at  a  greater  depth  than  that  at  whi£ 
it  has  hitherto  been  observed  ?  —  I  think  that  that 
could  be  done  without  difficult.  I  cannot  see  that 
there  would  be  any  difficulty  in  getting  at  it  in  many 
places. 

1618.  What  do  you  suppose  wotUd  be  the  expense 
per  fiithom,  including  everything,  in  canying  on  the 
boring ;  it  would  be  a  question  as  to  the  mode  in  which 
it  should  be  done  ? — ^I  think  that  the  deep  holes  should 
be  made  by  machine  boring.  I  think  that  hand  bor- 
ing is  now  exploded. 

1619.  Should  you  imagine  that  the  experiment 
could  be  satisfactorily  carried  out  at  an  expense  of 
2,000/,,  or  something  of  that  sort? — ^2,000/.  would  put 
down  the  hole,  under  those  circumstajices,  at  a  much 
greater  depth  than  one  starting  ftom  the  swUiatk 
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A—lSik  Meeting,  July  Uth,  1869.  isjnlyiegg. 
PriiSENT  :  1.  Sib  W.  Armstrong  (in  the  Chair) ; 
2.  Mb.  Dickinson  ;  3.  Mb.  Geddes  ;  4i  Mb.  Clabk;  5.  Mb.  Vivian. 
The  following  gentlemen  were  present : — 
Captain  Loyell;  Db.  Allan;  Db.  Sanderson;  Db.  Thudichuh, who  gave  evidence. 

1.  The  minutes  of  butt  meetings,  LSfch  and  lith^  were  read  and  signed. 

2.  Letters  were  read  from  Mr.  "Woodhouse,  stating  that  he  had  to  attend  the  assizes ;  and  from 
the  Duke  of  Argyll,  expressing  his  regret  that  he  cannot  attend. 

3.  The  file  was  produced. 

4.  The  Secretary  produced  the  drafts  of  the  followiog  nine  letters  asking  for  evidence  on  points 
raised  by  questions  16,  17,  18,  in  Circular  A  1 ;  namely,  the  effect  of  high  temperature  on  miners 
and  on  men  engaged  in  other  work. 

2090.  June  16.    Monsieur  Jules  Temeaut,  Inspector  General  of  Mines,  Brussels. 

2091.  June  16.   The  Resident  Engineer  of  the  Mont  Cenis  Tunnel,  Modane,  France. 

2122.  June  31.    C.  W.  Howell,  Esq.,  1,  Leadenhall  Street,  Secretary  to  the  P.  &  O.  Company. 
2106,  2117,  2  i74.  June  28.    And  other  letters  to  Mr.  James  Chance,  Glass  Works,  Birmingham. 

2139.  June  23.    To  Captain  John  Gilbert,  United  Mines  St.  Day,  Scorrier,  Cornwall, 

2140.  June  23.    Messrs.  David  Davies  and  Son,  Ferndale  Colliery,  South  Wales. 
2172.  June  28.   To  James  B.  Allan,  Esq.,  2,  Hyde  Park  Terrace. 

2243.  July    5.    Doctor  Thudichum,  3,  Pembroke  Rood. 

2244.  July    5.   Doctor  Sanderson,  49,  Queen  Anne  Street. 

Also  answers  from, — 

2227.  June  30.   Tlie  Secretary  to  the  P.  &  0.  Company,  who  will  send  registers  of  temperature, 

and  a  gentleman  to  explain  them. 

2255.  July  5.    Dr.  Sanderson,  who  will  attend  at  half-past  one. 
2273.  July  13,    Dr.  Thudichum,  who  will  attend  if  he  can. 

Answers  to  the  other  letters  have  not  been  received. 

5.  The  following  letter  was  put  in  by  Captain  Lovell,  who  was  requested,  after  the  meeting,  to 
add  any  information  that  illustrates  the  matter  in  hand  to  the  manuscript  of  his  evidence,  when 
it  is  sent  to  him. 

W.  Arhstbono. 

En^neer'd  Department  liottcBt  purts  of  the  MeditGrrancan  *  for  tlic  ordinary 

Peiuntiiilnr  ami  Orkutal  Steam    working  temperaiure,  taken  fairly  In  the  centre  of 
Nftvigation  Comiiimy.  the  stokehole  away  from  the  fire  doors,  will  eeldom 

Offices,  Oriental  Place,         exceed  100^. 
Soathampton,  1st  July  1869.         It  should  be  borne  iu  mind  that  the  men  do  not 

work  continuoTiBly  in  theae  high  temperatures,  but 
lEMPERAXDBB  o»  Stoke  Hole.  have  access  to  cooler  parts  in  the  intei-vals  of  firing. 

My  dear  Sir,  and  by  this  means  they  are  able  to  bear  very  much 

I  return  herewith  the  documents  which  you  more  heat  than  would  be  possible  underground.  The 
left  with  Capt.  Black  for  me,  regai-ding  the  enquiries  atmosphere  of  a  ship's  stokehole  also,  although  so 
which  have  been  made  by  the  Coal  Commission.  heated,  is  of  necessity  much  less  oppressive  than 

We  have  no  i-egular  register  of  the  stokehole  that  of  deep  ooal  workings  (however  well  ventilated)  ; 
temperatures  on  the  home  side,  as  the  log  books  and  it  appears  to  me  that  the  difiiculty  in  the  way 
have  had  no  column  hitherto  in  which  to  record  it ;  of  reaching  the  lower  coal  deposits  consists  less  iu 
hut  when  revisitig  the  form  a  week  or  two  ago  I  the  actual  heat  undergronnd  than  in  the  impossi- 
added  a  culnmu  for  that  purpose,  so  that  we  shall  bitity  of  supplying  the  men  with  pure  air,  without 
have  a  Aill  record  in  future.  which  they  cannot  work  in  a  high  tem[)erature. 

The  stokeholes  on  the  home  side  ore  of  coni*Be  I  should  tliink  that  some  of  the  puddling  furnaces 
not  so  hot  as  those  on  the  Indian  lines,  though  the  would  try  the  men  more  severely  than  our  stoke- 
"Massilia"  used  sometimes  to  get  as  high  88  145",  holes. 

until  I  altered  the  air  pipes.  The  *•  Euxine was  also  I  am,  &c., 

equally  hot  sometimes,  and  in  the  "  Bangalore  "  they       James  Allan,  K»q.  A.  Lamb. 

have  occasionally  had  a  temperature  of  about  140°  ;  London, 
but  this  is  only  in  the  summer  montlis,  and  in  the 

Henrv  Preston  LovELL,-Eaq.,  122,  Leadenhall  Street,  examined.  //_  p  i^^^^ 

1620.  (Chairman.)   You   are  a   captain  in   the    have  just  returned  myself  from  India  and  Australia  ; 

service  of  the  Peninsular  and  Oriental  Steam  Packet  and  on  the  Australian  lino  the  vessels  that  I  was  in  j~r^869 

Company,  I  believe  ? — I  have  l)een ;  I  am  now  attached  had  European  firemen.   I  thought  it  would  be  mows 

to  the  office  in  Ixmdon  ;  I  have  been  a  commander  for  important  to  observe  the  temperature  there  than 

a  number  of  years.  where  we  had  natives;  and,  singularly  enough,  I 

1621.  Ton  undnstand  the  object  we  have  in  view  ;  found  that  the  temperature  was  higher  in  one  of  those 
namely,  to  aac^tain  the  practicable  tomperatares  at  two  ships  than  in  ony  other  ship  in  the  fieet.  I  went 
which  men  can  win>k  ? — ^Yes,  I  quite  nndei-stand  it.  to  Australia  in  the  one,  and  came  back  in  the  other. 

1622.  We  should  be  glad  if  you  could  favour  us  I  have  only  just  returned,  in  fact.  This  paper  will 
•with  your  experience  as  to  the  temperature  of  stoke  show  the  temperatures  as  compiled  from  the  engineers' 
holes  on  board  ship  ? — I  have  gone  through  the  log  books  (producing  a  paper). 

engineers*  log  books,  and  made  extracts  of  the  highest       1623.  In  the  case  of  those  two  ships  yon  speak  of  3 
■temperature  we  could  find;  audi  nuy  add  that!    the  temperature  ranged  from  110  to  158  and  fioni 
18483.     Vot.  n.  Y 
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A  82       186  to  172  Falinnheit,  in  the  stoke  holes  ?— Tea.  In 
itt  ^iM"^        "  Avoca  "  it  was  particularly  hot ;  but  there  were 
no  firemen  on  the  sick  list,  and  I  heard  no  complaints 

15  Joly  1869. 

  1624.  Where  was  the  thermometer  placed  by  which 

yon  ascertained  the  temperature  ? — In  the  stoke  hole. 
It  hangs  np  midway  between  the  two  ranges  of  fires, 
and  the  t^peratnre  is  taken  when  the  fire  doors  are 
shut. 

1625.  At  what  distance  wonld  that  be  ficom  the 
boiler  ? — ^There  are  two  ranges  of  fires,  (me  at  eadi 
aide.  They  fire  from  amiddiips,  and  the  stoke  hole 
is  between  them^ 

1626.  What  width  is  there  between  the  two  sets 
of  boilers  ? — I  should  fimcy  it  would  be  about  eight 
feet. 

1627.  So  that  the  thermometer  would  be  only  fbur 
feet  from  the  face  of  each  boiler  ? — Yes. 

1628.  Of  course  you  would  recognise  the  feet,  that 
a  thermometer  so  placed  would  be  chiefly  acted  upon 
by  the  radiation  finom  the  boilera  ? — ^No  doubt. 

1629.  And  that  it  couM  not  be  taken  as  indicating 
the  temperature  of  the  air  ? — ^It  shows  the  temperature 
q£  the  air  tiie  men  are  working  in. 

1630.  There  is  an  important  distinction  between 
heat  communicated  by  the  radiation  of  an  a^jmning 
hot  sorfiu;^  and  the  actual  temperature  of  the  air  itself. 
I  may  inform  you  that  I  have  been  lately  making 
some  ejq>eriment8  upon  that  subject  I  placed  a 
thermometer  in  a  stoke  hole  where  the  temperature 
was  only  105  degrees.  I  had  a  small  box  made,  which 
was  lined  internally  with  felt,  and  protected  outside 
in  such  a  manner  as  to  resist  the  passive  of  radiant 
heat  from  the  adjoining  boiler.   I  put  a  thermometer 

,  outside  of  that,  and  I  put  another  thermometer  close 
to  it  inside.  I  found  that  the  ouside  thermometer 
stood  at  105  degrees,  and  the  inside  only  at  78 
degrees.  That  shows  that  these  high  temperatures  in 
these  stoke  holes  are  due  to  the  heat  radiated  from 
the  boilers,  and  do  not  indicate  the  temperature  of 
the  air.  I  feel  satisfied  that  that  is  the  case  $  but  of 
course  it  is  highly  important  ibr  us  to  know  what 
temperatures  even  of  radiant  heat  a  man  can  bear  ? — 
Tes,  because  the  men  must  breathe  air  of  the  same 
temperature  that  the  thermometer  in  our  stoke  holes 
show,  and  they  must  be  working  in  that  temperature. 

1631.  That  is  just  the  &ct  that  I  cannot  recognise, 
because  the  inside  of  a  man's  chest  is  exactly  in  the 
condition  of  the  inside  of  the  box,  which  I  prepared. 
Therefore  the  air  he  is  drawing  into  his  chest  is  not 
at  the  temperature  which  the  thermometer  shows  ? — 
1  have  not  been  scientific  enou^  to  nuJce  these 
experiments.  We  tiiink  the  men  are  working  in  the 
temperature  the  thermometer  shows,  and  breathing 
air  of  that  temperature ;  but  I  can  state  as  a  fact  that 
th^  have  not  suffered  particularly.  One  point  con- 
nected with  their  nuuiner  of  working  that  is  worth 
noticing  is,  that  they  are  not  continually  firing. 
They  fire  up  for  a  short  time,  and  then  they  come  on 
deck  for  fresh  air,  and  go  down  after  a  while. 

1632.  How  long  do  they  remain  in  the  stoke  hole 
at  a  time? — I  should  say  for  10  minutes  or  a  quarter 
of  an  hour,  but  sometimes  they  hare  to  clean  out  the 
fire. 

1633.  Is  it  not  more  than  10  minutes  or  a  quarter 
of  an  honr  ? — Not  ordinarily ;  but  when  they  have  to 
clean  out  the  fire,  they  sufier  more,  becanae  they  an 
working  fw  a  long  tune  with  the  dons  open. 

1634*  I  understand  you  to  say  that  in  the  ordinaiy 
conduct  of  their  labour  they  are  only  engaged  for 
10  minutes  or  a  quarter  of  an  hour  at  a  time? — Yes, 
feeding  the ;  fires  and  then  they  go  upon  deck,  and 
come  down  after  a  time,  and  feed  them  again. 

1635.  Each  process  of  feeding  only  detains  them  10 
minutes  or  a  quarter  of  an  hour  ? — Yes,  it  only 
detains  them  10  minutes  or  a  quarter  of  an  hour, 
unless  they  have  to  dean  the  fires. 

1636.  Then  how  long  are  ther  occupied  ? — Then 
it  d^tends  upon  the  amount  of  clinker,  Ac,  tlu^ 
have  to  clean  fr<om  the  fire  bars. 

1637.  {Mr,  Geddes.)  Uay  that  last  for  an  hour  at 


a  time  ? — No.  They  are  only  on  watch  four  hours  at 
a  time  ;  they  are  four  hours  on  watch,  and  8  hours  ofi*, 
so  that  under  those  circumstances  they  are  not  hu-d 
worked. 

1638.  Out  of  tho  four  hours  how  many  would  be 
occupied  in  this  work  at  the  fires  ? — It  depends  on 
whetiier  the  boiler  is  a  difiicult  or  an  easy  one  to  get 
up  steam  in ;  some  of  our  boilero  will  consume  60 
tons  of  coal  a  day,  and  othere  only  25  tons-;  and  it 
also  depends  upon  the  quality  of  the  coal. 

1689.  (CkairmtmJ)  What  might  be  the  tempera- 
tore  on  deck  when  there  are  these  temperatorea  in 
the  stoke  holes  7 — ^Abont  SO  to  90  degrew)  in  those 
cases  of  which  yon  hare  the  temperatures  in  the 
p^per  which  I  have  handed  in. 

1640.  Have  you  had  much  personal  experience 
of  tropical  temperatures  ? — I  hare  been  20  years  in 
India. 

1641.  What  is  the  highestshade  heat  that  yon  have 
ever  known  in  India? — About  from  115  to  120 
degrees. 

1642.  In  the  shade  ?— In  the  shade. 

1643.  That  is  by  a  thermometer  yon  have  actually 
consultedyonrBelf  ? — ^Yes, 

1644.  Was  that  at  nighl^  or  during  the  day  ? — ^In 
the  day.  I  have  had  this  thermometer  at  110  at 
night ;  that  was  on  the  Bed  Sea,  in  a  strong  breeze, 
off  the  coast  of  Abyssinia. 

1645.  Do  you  think  that  that  temperature  of  110 
d^rees  would  have  imposed  any  limit  to  labour  P — ^No, 
not  if  there  was  u  fresh  breeze  ;  we  do  not  feel  it  bo 
much  when  there  is  a  breese  ;  the  time  when  we  feci 
it  most  is  when  there  is  a  calm,  that  is,  when  the 
ship  is  going  at  [the  same  rate  as  the  wind ;  wlwn 
the  smoke  goes  straight  up  from  the  funneL 

1646.  You  feel  the  heat  more  whra  the  air  is  still  ? 
1— Yes,  we  feel  it  more  than  if  the  thomometcr  was 
10  degrees  higher  with  a  good  breeze.  I  remember 
once  tiie  stillness  of  the  ur  was  so  so  insupportable 
that  after  three  days  of  it  we  wwe  obliged  to  put 
the  steamer  round  broadside  to  the  wind  because  the 
passengers  and  all  on  board  were  suffering  from  the 
want  of  breeze  in  fact. 

1647.  You  have  probably  'not  had  the  means  of 
noticing  the  hygrometrical  condition  of  the  air,  as  to 
its  moisture  or  dryness  ? — No;  but  in  the  Bed  Sea  the 
moisture  of  the  air  is  very  trifling  indeed;  it  does 
not  rain  above  once  in  12  months. 

1648.  The  atmosphere  is  very  dry  ? — ^Yes.  There 
are  seldom  any  clouds  there.  It  is  very  dear, 

1649.  {Mr,  Dickiiuon.)  Would  there  not  be 
mdstuie  rising  from  the  sea  ? — There  would  be  a 
certain  amount,  no  doob^  fm  tha«  is  a  great  evapora^ 
tion  going  on  there,  but  not  so  much  as  in  counbies 
where  t^ra  are  riTers  and  a  great  deal  of  water 
exposed.  There  are  no  rivcffs  and  no  inland  waters 
about  in  the  vicinity ;  all  round  there  it  is  dry  sandy 
desert.  Of  course  tlwre  is  a  great  evapGration  from 
the  sea. 

1650.  (ChairTnan.)  What  was  the  locali^  whore 
you  observed  a  temperature  of  110  degrees  at  night? 
— ^It  is  many  years  ago  now,  and  I  do  not  recollect,  but 
I  know  I  took  a  thenntHneter  up  to  the  weather  side 
of  the  ship  where  it  could  not  be  influenced  the 
boilm.   I  put  it  outside  by  the  paddle  box 

1651.  Then  it  was  on  board  ship  ? — Yes.  It  was 
somewhere  alwnt  the  coast  of  Abyssinia  or  the  Grulf 
of  Aden.  It  was  many  years  aga  I  have  not  hem 
in  command  for  11  years  now. 

1652.  At  what  time  did  yon  say  that  was  ? — ^It  was 
at  10  oclock  at  night.  I  remember  the  cireumstance 
very  well.  I  felt  the  air  so  warm  that  I  took  out  a 
therm<mieter  on  purpose  to  try  it. 

1653.  Is  this  paper  which  you  have  handed  in  a 
condensation  of  ail  your  observationB  ? — ^It  is  a  con- 
densation of  the  facts  obtained  from  the  engineer 
books ;  and  as  regards  the  two  last  temperatures  I  was 
on  board  those  Tessels  at  the  time. 

1654.  The  highest  of  all  these  temperatures  fall 
within  jonr  persmial  obserration  ? — waa  on  boai]d 
the  shipy  bat  did  not  observe  tlw  theroumieter  mysel£ 
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I600.  When  it  reached  172  degrees? — This  high 
temperature  is  recorded  in  the  engineer's  log  book. 

1656.  For  what  length  of  time  was  that  ? — Five 
days.  It  was  between  Gaile  and  King  George's 
Sound. 

1657.  For  a  continuance  of  five  days  you.  had  a 
temperature  of  about  172  degrees  in  the  stoke  bole? 
— Yes^  from  168  degrees  to  172  degrees. 

1658.  {Mr.  Geddes.)  Did  the  stokers  complain  at 
all  of  that  heat  ?— No ;  and  I  looked  at  the  sick  list, 
and  I  found  that  only  one  fireman  was  sick,  and  he 
was  sick  from  other  causes. 

16d9.  There  was  no  difficulty  in  carrying  on  labour? 
—No.  We  used  40  tons  of  coal  a  day. 

1660.  ( Chairman.)  How  long  are  the  firemen  on 
dn^  ? — Four  hours  on,  and  eight  oC  They  are  on 
duty  four  hours  at  nighty  and  four  hours  in  the  day. 

1661.  They  are  on  duty  eight  horns  out  of  die 
24?— Tes. 

1662.  How  much  <^  that  time  may  they  be  actually 
in  the  stoke  hole,  because  yon  speak  of  their  coming 
on  deck  and  going  down  again? — ^Tes,  they  come  on 
deck  from  time  to  time. 

1663.  Are  they  longer  on  deck,  or  longer  in  the 
stoke  hcAe  ? — ^Longer  m  the  sti^e  hole. 

1664.  {Mr.  Clark.)  172  degrees  is  about  the 
highest  temperature  a  man  can  work  in,  is  it  not  ? 
—I  suppose  when  the  men  are  iiriag  it  would  be  still 
greater  than  that,  because  when  the  fire  doors  are 
open  there  is  the  heat  of  a  glowing  furnace  coming 
upon  them  ;  this  172  degrees  was  taken  when  tho 
fire  doora  are  shut. 

1665.  {Chairman.)  Is  there  any  other  point  on 
which  yon  hare  any  evidence  to  give  us  ? — I  would 
simply  say,  as  you  seem,  by  the  letter  Z  received,  to 
be  enquiring  into  tho  question  in  connection  with  the 
working  of  mines,  that  in  the  engine  rooms  there  is 
always  an  excellent  draught.  The  fires  make  an 
oxc^ent  draught  down. 

1666.  And  It  is  finr  that  vary  reason  lhat  the  tem- 
perature of  the  air  is  not  even  represented  by  Hie 
thermometer? — The  heat  is  not  fi^t  so  much,  cer- 
tainly, as  if  the  men  were  working  in  a  lower  tem- 
perature in  a  confined  place.  On  the  same  principle 
as  we  find  on  the  Bed  Sea,  when  a  ship  is  going 
before  the  wind,  though  the  temperature  may  not  be 
very  great,  still  it  is  more  oppressive  to  work  in  ;  if 
there  is  a  hot  breeze  that  is  better  than  if  it  is 
stagnant  I  have  a  letter  from  our  Superintendent 
Engineer,  who  waa  asked  a  question  on  this  subject. 
He  has  not  been  in  the  Kut  himself  bqt  still  he 
exanunes  all  the  engineers*  logs.  He  is  our  Saper- 
intendent  Engineer  at  Southampton.  AU  our  en- 
gineers' logs  are  sent  to  him  (produdnff  a  letter.) 

ieS7.  {Mr.  Geddeg.)  Does  he  report  those  to  the 
Admiral^  ? — ^No ;  only  to  our  directors.  They  are 
sent  up  to  London. 

1668.  {Mr.  Dickinton.)  Ton  commenced  to  make 
some  remark  with  regard  to  the  difference  between 
a  stoke  hole  and  a  mine,  but  yon  did  not  complete  it ; 
will  you  do  so  now  ?— My  impression  is  that  the 
circumstances  are  quite  different,  because  in  a  stoke 
hole  the  men  get  a  constant  supply  of  ^r.  The 
windsail  sends  a  draught  right  through ;  whereas  in  a 
mine  of  great  depth  there  is  a  difficulty  in  supplying 
lui*.  The  want  of  motion  in  'the  air  is  a  thing  which 
the  man  are  more  likely  to  suffer  from  than  an 
increase  of  temperatare.  That  is  my  own  belief  at 
least 

1669.  Po-haps  you  are  not  conversant  with  the 
working  of  mines  ?— -No. 

1670.  You  are  not  aware  that  there  is,  or  should 
be,  a  steady  current  of  ur  kept  up  in  all  the  workings, 
even  to  the  remote  parts  of  a  mine? — ^No.  Then 
another  point  against  the  mine  is,  that  the  firemen  on 
board  slUp  get  constant  relief  by  coming  on  deck, 
but  in  a  imne  they  are  down  from  morning  till 
night. 

l&Il.  Still,  in  tihe  moat  advanced  working^  of  a 
muN^  if  Hie  tomperminre  is  hi^  in  one  ^aoe,  tiura 


115  „  130 
•  118  „  136 
-   116  „  130 


-    119  135 


may  be  another  place  a  few  yards  back  where  there 
is  a  strong  current  of  air,  and  where  the  temperature 
is  much  lower,  and  the  men  can  go  there  and  get 
relief? — I  have  never  been  down  a  mine,  but  it 
struck  me  that  the  circumstances  would  be  very 
difilerent  Ikim  those  of  a  stoke  hole  on  board  ship. 

1672.  Will  you  hand  in  the  letter  you  have  re- 
ferred to,  as  well  as  the  tables  of  temperature  ? — 
win. 

The  same  were  handed  in. 
The  witness  withdrew. 

TBMFBBA.TtiBB  of  Stoke-holes  in  stoamers  em- 
{doyed  in  tropical  regi<ms. 

In  August,  "Columbian,"  Suez  to     "  " 
Bombay    -         -         -         .    US  to  135 

In  March,  "Bangoon,"  Hong  Kong  to 

Singapore     -  -  -       -    113  „  142 

In  February,  «  China,**  Hong  Kong  to 

Singapore  -         -         -         -    150  „  168 

In  February,  "Mongolia,**  Suez  to 
Calcutta       -         -  - 

In  September,  "Mooltan,**  Galle  to 
Aden  and  Suez  ... 

In  Uarcii,  "  Travancore,"  Suez  to 
Aden  -         -         -  - 

In   September,  "Nubia,"    Suez  to 
Aden        -         -         -         -    130  „  145 

In  July  and  August, "  Benares,"  Bom- 
bay to  Suez  -         -         -  110  ^  160 

In  August  and  September,  "For- 
mosa," Hong  Kong  to  Shanghai    -    110  „  120 

In  September,  "  Malacca,"  Hong  Kong 

to  Singapore  -         -         -      -    140  „  163 

In  August,  "Aden,"   Yokohama  to 
Shanghai  - 

In  August,  "Ottawa,"   Bombay  to 
Hong  Kong   -         -         -      -   114  „  126 

In  March,   "Gedong^"   Sydney  to 

Ceylon   -         -         -         -    110  „  158 

In  Februaxy,  "Avooa,**   C^Ion  to 

Sydney        -         -         -      -    136  „  172 

Memo.— The  temperature  of  the  stoke  hole  is  not 
stated  in  any  of  the  log  books  of  the  Southampton 
stoamei-s. 

H.L.  22/6/69. 

After  hearing  the  evidence  of  three  medical 
witnesses,  and  the  whole  conversation  on  the  subject 
of  work  m  high  temperatures,  Mr.  Lovell  sent  the 
following  letter: — 

Fminsnlar  and  Oriental  Steam 

Navigation  Company. 
Offices,  122,  Leadenhall  Street, 
London,  E.C.,  19th  July  1869. 

Dear  Sir, 

Herewith  I  beg  to  return  yon  tiie  mann~ 
script  of  my  evidfflieB  to  iriiich  I  have  made  a  &w 

corrections. 

I  still  consider  that  the  t^perature  of  onr  stoke- 
hold is  not  a  good  criterion  to  fband  an  ojnnion  upon 
regardii^  the  point  in  question. 

M^  impression  is  that  the  eSect  upon  Europeans  <^ 
stowing  ships*  holds  in  hot  climates  with  cottcm  or 
other  difficult  cai^oes  would  more  resemble  that 
produced  upon  miners  working  in  high  temperatures. 
And  irom  what  I  have  witnessed  in  this  respect  I 
should  say  that  no  European  could  work  even  moder- 
ately for  eight  hours  consecutively  in  a  temperature 
of  100  d^rees  without  soon  suffering  so  materially  as 
to  compel  him  to  go  on  the  sick  list;  Mid  if  labour 
under  those  circumstances  were  persevered  in,  acute 
disease  and  premature  death  would  result 

Working  short  spells  might  go  on  for  a  time^  but 
the  labour  possibly  then  vonid  not  be  remunerative. 

I  am,  &c 

J.  F.  Campbell,  Esq.,  H.  P.  Lotxll. 

Secretary,  Coal  CommiflBion. 


A8d 

B.F.LowH, 
M  3v3cj  18«B. 
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OK  POSSIBLE  DEPTHS  IN  WORKING. 


JAHE6  Bbands  Allan,  Esq.,  M.D.,  of  London  and  Edinburgh,  Fellow  of  the  Royal  College  of  Physicians 
of  Edinburgh,  3,  Hyde  Park  Terrace,  Hyde  Park,  examined. 


1673.  {Chairman.)  We  understand  that  you  have 
had  pei-sond  experience  of  the  temperature  in  tro- 
pici^  climates  ? — have. 

1674.  And  have  given  attention  to  the  subject  ? 
— I  have. 

1675.  Perliaps  you  would  inform  us,  in  tho  iirat 
place,  where  your  experience  has  lain  ? — My  ex- 
perience extends  from  the  Cape  of  Crood  Hope  to 
the  coast  of  Borneo.  I  have  had  experience,  I  may 
say,  on  every  island  included  iu  that  space,  and 
almost  every  sandbank. 

1676.  Have  you  made  obsei-vations  as  to  the  actual 
temperatures  in  those  places  ? — ^Yes.  I  was  com- 
pelled in  a  measure  to  do  so,  and  also  inclined  to  do 
BO.  With  regard  to  the  range  of  temperatures,  the 
extreme  temperature  that  I  ever  experienced  in  the 
shade  was  on  tho  south  coast  of  Africa,  when  the 
tbermometrical  temperature  was  from  120*"  to  125°. 

1677.  Slutde  temperature?— Shade  temperature. 

1678.  Was  that  at  night  or  during  tho  day  ?— In 
tho  day-time ;  and  at  night  the  extreme  temperaturo 
was  120°  in  the  shade. 

1679.  Can  you  say  what  the  condition  of  the  air 
was  in  regard  to  moisture  at  that  temperature  ? — 
Very  dry  ;  invariably  diy. 

1680.  {Mr.  Clark.)  Was  that  the  ordinary  tem- 
perature, or  was  it  in  the  course  of  a  dry  wind? — 
That  was  the  ordinary  temperature  for  days. 

IQBl.XCJtairman.)  What  was  tho  effect  of  that 
temperature  upon  yourself  and  upon  other  persons  ? 

 I  cannot  say  that  it  was  an  exhausting  temperature 

at  all ;  it  was  ratbur  exhilirating,  provided  we  drank 
a  sufficient  quantity  of  water  to  keep  up  the  waste 
going  on  on  the  surface  of  the  body,  and  the  waste 
going  on  in  tho  lungs  by  respiration. 

1682.  The  fact  is  there  would  be  a  great  evapora- 
tion from  your  whole  Ixjdy  ? — ^Yes. 

1683.  And  from  tlie lungs  as  well?— Yes.  Perhaps 
I  may  mention  to  you  that  during  the  time  I  have 
been  in  those  countries  I  have  had,  at  different 
periods,  considerable  bodies  of  men  under  my  care, 
and  watched  the  effects  of  high  temperatures  upon 
them.  On  one  occasion  I  was  engaged  to  select  and 
take  charge  of  the  first  free  labourers  that  were  intro- 
duced into  the  Isle  of  France  after  the  manumission 
from  Singapore ;  they  consisted  entirely  of  Chinese, 
500  men.  I  watched  the  effects  of  the  temperature 
upon  themin  the  various  parts  of  Borneo  we  were  in, 
and  up  to  Java,  and  subsequently  in  the  Isle  of  France, 
when  they  were  located  upon  tiie  different  estates  and 
different  plantations. 

1684.  What  was  tho  efect  of  those  high  tem- 
peratures ?— The  same,  as  a  general  rule,  as  I  have 
stated.  When  supplied  with  water  during  high  dry 
temperature,  these  men  worked  witib  the  greatest 
possible  facility,  but  during  moist  temperaures,  at  low 
tbermometrical  heats,  the  labour  was  performed  with 
great  difficulty. 

1685.  What  temperatures  do  you  speak  of  when 
you  say  *'  low  temperatures  ?  " — Tho  most  oppressive 
temperature  I  ever  experienced  was  at  Acheen,  on 
the  north  coast  of  Sumatra,  when  the  thermometer 
only  stood  at  86**.  There  were  a  number  of  us  there, 
and  we  could  not  breathe  during  the  greatest  part  of 
the  day  on  accoont  of  the  atmosphere  being  loaded 
with  moisture  and  perfectly  still,  and  not  a  breath 
of  air  stirring. 

1686.  Supposing  that  witli  iJie  extreme  tempe- 
ratures you  have  just  mentioned  in  the  other  instance 
of  120^  and  125°,  you  had  had  an  equally  moist 
atmosphere,  what  do  you  think  would  have  been 
your  condition  then  ?— I  should  think  it  would  be 
almost  impossible  for  human  beings  to  exert  them- 
selves or  move  at  all,  because  they  would  then 
naturally  inspire  an  atmosphere  as  d^ense,  as  humid, 
and  as  loaded,  probably,  with  chemical  evils,  as  the 
atmosphere  they  expire,  and  even  more  so. 


1686a.  But  confining  yourself  altogether  to  the 
question  of  moisture,  what  do  you  think  would  be  the 
effect  under  tho  circumstances  I  have  named  ?  I 
would  ask  you,  in  the  first  place,  whether  you  con- 
sider that  the  only  cooling  agency  that  cancount^^t 
excessive  heat  is  evaporation  from  tho  skin  and  from 
the  lungs  ? — Yes,  the  only  one. 

1687.  Then  supposing  tho  air  to  be  saturated  with 
moiBtui'O  there  can  be  no  evaporation? — ^If  the  air 
were  saturated  there  could  bo  no  evaporation,  and 
hence  labour  would  become  impossible;  that^is  my 
cxpei'ienee. 

1688.  What  is  the  temperature  of  the  fluids  of  the 
body  ? — They  vary,  as  far  as  my  experience  goes, 
from  86°  to  96"  during  health. 

1689.  They  do  not  exceed  96^,  or  blood-heat  ?— 96% 
or  blood-hea^  I  should  think  was  a  fair  average. 

1690.  Supposing  you  had  a  temperature  exceeding 
that,  we  will  say  a  temperature  of  100°,  and  m 
atmosphere  perfectly  saturated  (we  will.take  an  ex- 
treme case)  with  moisture,  in  which  case  there  could 
1w  no  evaporation  either  from  the  skiu  or  from  the 
lungs,  under  these  conditions,  would  not  the  tempe- 
rature of  the  fluids  of  the  body  tend  to  assimilate 
itself  to  that  of  the  external  atmosphere  ?— No,  I 
do  not  think  it  would,  according  to  the  limited 
operation  of  living  principle  in  warm-blooded  animals. 

1691.  What  principle  would  resist  that  tendency 
to  assimilate  the  temperatures  ? — I  think  the  mere 
inhalation  of  an  atmosphere  loaded  with  moisture  and 
chemical  components,  and  heavy  in  proportion  to  the 
atmosphere  exhaled  by  the  lungs,  would  prevent  it. 

1692.  Is  there  anything  else  to  keep  down  the 
temperature  but  evaporation? — ^Nothing  else. 

1693.  Theu  if  tliere  is  no  evaporation  there  is 
nothing  to  keep  down  the  temperature  ?— No. 

1694.  The  natural  tendency  of  any  object  plunged 
into  a  surrounding  medium  hotter  than  Itsdf  is  to 
imbibe  heat  from  that  snrrounding  medium  is  it  not  ? 
— ^Yes,  to  a  certain  amount. 

]  695.  That  imbibing  of  heat  may  be  counteracted 
by  evaporation,  but  if  no  evaporation  exists  I  want 
to  know  what  prevents  the  human  body  imbibing 
heat,  supposing  the  suiTounding  atmosphere  to  be 
hotter  than  tho  body,  so  as  to  raiso  the  temperature 
of  the  fluids  of  the  body  to  an  equality  with  the 
temperature  of  the  surrounding  atmosphere  ? — I  can- 
not tcU  what  prevents  it,  beyond  the  principle  of  life, 
which  limits  the  absorption  of  heat  on  one  extreme 
and  its  abstraction  by  cold  on  the  other, 

1696.  In  an  inorganic  body  they  clearly  would 
rise  to  an  equality  ? — Yes ;  but  not  in  a  vital  body. 

1697*  In  the  living  body  is  there  any  intelligible 
principle  in  operation  that  would  prevent  that  ?— 
I  am  not  aware  of  any  beyond  the  principle  of 
vitality,  which  exists  in  tissues,  that  will  yield  to  and 
be  destroyed  by  extreme  heat,  and  be  rendered  unfit 
to  retain  life  by  extreme  cold. 

1698.  I  will  take  this  case  :  I  will  suppose  a  man 
to  be  immersed  in  a  warm  bath  of  a  temperature 
exceeding  his  own  body ;  if  he  is  breathing  air  capable 
of  absorbing  moistui'e,,  and  producing  evaporation, 
there  will  of  course  be  a  cooling  eftect  going  on  in 
his  lungs  which  will  prevent  any  increase  of  his  own 
temperature  beyond  tiie  natural  degree  of  heat  of  his 
own  fluids  ? — ^Yes. 

1699.  But  if  he  was  not  only  plunged  in  water  of 
s  temperature  exceeding  .that  of  bis  own  body,  bnt 
was  breathing  an  atmos^ere  saturated  with  raoistnre 
80  that  there  could  be  no  evaporation  at  all,  do  yon 
think  that  the  man  could  live  in  such  an  atmosphere 
of  any  elevated  temperature  at  all  ? — I  do  not  think 
he  could  for  any  length  of  time. 

1700.  To  apply  this  to  the  case  of  a  mine,  I  believe 
the  Committee  are  or  will  be  satisfied  that  when  air 
is  carried  to  a  long  distance  from  a  shaft  it  arrives  at 
Uie  {dace  fdiere  ttw  men  ure  working  perfectiy  satu- 
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rated  with  raoistm-e,  even  when  the  mine  is  perfectly- 
dry  ;  therefore  in  that  condition  it  -ia  wholly  incapable 
of  producing  evBporation  ? — Yes. 

1701.  Supposing  the  temperiiture  at  this  place  to 
be  high,  wo  will  say  100  degree  which  is  only 
slightly  above  the  ordinary  tempei-ature  of  the  body, 
the  men  of  course  will  pn-epire  profusely,  and  that 
perspiration  will  1*610010  upon  tiicir  bodies  or  run 
down  ;  they  are  therefore  in  the  condition  of  men 
who  ai-e  plunged  in  a  heated  fluid,  and  that  heated 
fluid  having  no  cooling  effect  feom  the  ^r  will  bo 
like  so  much  wnrm  water  surrounding  them  ? — 
Yes. 

1702.  These  men  ore  also  breathing  an  atmosphere 
which,  being  saturated,  is  incapable  of  producing  any 
cooling  effect  upon  their  lungs,  therefore  there  is  no 
counteracting  cause  under  such  circumstances  to 
reduce  the  temperatue  of  the  body  below  the  tempe- 
rature of  the  air.  What  I  want  to  know  is  whether 
in  the  case  of  men  working  under  such  circumstances 
the  necessaiy  eflect  would  not  be  that  the  fluids  of 
their  body  would  acquire  a  temperature  equal  to  that 
of  the  surrounding  atmosphere  ? — I  have  never  been 
in  a  mine,  but  I  oould  readily  suppose  that  there  is  a 
capability  of  the  lungs  strncture  and  breathing  appa 
rat  as  to  assimilate  itself  to  anoh  conditions  to  a  certain 
extent,  but  only  to  a  certain  extent,  because  my  belief, 
from  what  physiological  knowledge  I  possess,  is,  that 
the  structure  of  the  lungs  would  either  break  down 
under  the  continuance  of  an  excess  of  such  conditions, 
or  their  cellular  structure  become  so  loaded  with 
moisture  as  to  prednde  the  admission  of  au  adequate 
amount  of  ur  for  the  purification  or  the  oxygenation 
of  the  blood. 

1703.  Then  do  you  think  it  possible  that  men 
uaAer  such  circumstances  could  live  in  an  air  tempe- 
rature exceeding  the  temperature  of  the  fluids  of  their 
own  body? — ^Tes,  I  do,  within  colaln  limits,  and 
eepedally  if  the  atmosphere  in  which  they  lived  wore 
kept  moving. 

1704.  What  advanti^e  would  there  be  from  the 
motion  if  it  did  not  evaporate  ? — think  it  is  easily 
accounted  for ;  the  atmosphere  being  constanUy 
duuiged  would  have  a  salutary  eflect  upon  the  lungs. 

1705.  It  would,  if  in  changing  it  you  brought  an 
atmosphere  that  was  dry  instead  of  an  atmosphere 
that  was  wet ;  but.  supposing  you  had  only  a  wet 
atmosphere,  what  benefit  would  result  from  the  motion 
alone? — Still,  if  it  were  kept  moving,  it  could  be 
borne.  I  have  found  irom  my  experience  that  a 
moist  atmosphere,  however  oppressive  it  was  when 
it  was  BtiU,  the  moment  it  was  kept  moving  was 
TC(i|HTable. 

1706.  Was  it  in  that  case  a  saturated  ata)osph«e 
or  a  moist  atmosphere  ? — A  saturated  atmosphere. 

1707.  Upon  what  principle  can  you  account  for 
the  cooling  eflect  which  is  derived  from  a  .moving 
atinospfaere  if  it  does  not  evaporate  ? — The  cooling 
eftct  is  caused  by  your  constantly  having  it  changed, 
and  not  breathing  the  same  ur  over  and  over  again. 

1708.  You  are  breathing  an  equally  hot  atmo- 
sphere ?— But  it  is  free  from  some  of  the  principles 
which  are  detrimental  to  life. 

1709.  We  are  speakiug  of  nothing  but  moisture 
now ;  we  may  r^urd  the  atmosphere  in  a  mine  as  in 
other  lespects  pure  ? — If  it  is  kept  moving.  I  believe 
motion  to  air  alters  the  relationship  of  its  chemical 
components,  and  afifects  its  electrical  condition,  and  so 
it  is  not  iiyurions»  as  far  as  my  experience  goes. 

1710.  What  is  there  in  mere  motion  to  air  that 
would  tend  to  keep  down  the  heat  of  tiie  body?— 
Motion  to  air  as  to  other  fluids  impels  to  diffhisiim, 
which  in  turn  produces  and  is  attended  by  loss  of 
caloric  as  well  os  change  in  the  chemical  powers  and 
composition,  and  hence  it  comes  from  moving  air 
impinging  upon  the  fine  sensitive  nerve  structure  of 
the  lungs  at  a  proper  specific  gravity  and  at  a  similar 
or  less  temperature  to  them  that  the  heat  of  the  body 
is  kept  down  or  more  or  less  affected.  The  value  of 
cold  air  inspired  is  little  thought  of.  When  applied 
dinct  tatbe  ImtgB  excldsively  its  therqwutic  iesnlts 
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and  calming  effects  ai'e  wonderful.  1  cannot  account 
for  it  upon  any  other  principles  tlian  those  embodied 
in  this  reply  and  the  preceding  one. 

1711.  If  it  is  hotter  than  the  lungs,  why  does  not   - 

it  communicate  its  heat  to  the  Inngs,  unless  that  is  15  July  1S69. 

counteracted  by  evaporation  ? — I  do  not  think  the   

Inngs  are  capable  of  absorbing  or  receiving  more  than 

a  certain  amount  of  heat,  but  I  believe  the  nerve 
structures  have  a  great  deal  to  do  with  assimilating 
the  body  to  conditions  in  which  men  can  work.  In 
such  highly  organised  animals  as  man  there  is  a  limit 
alike  to  the  receptive  power  of  heat  as  to  its  abstrac- 
tive. What  is  termed  inflammation  specially  marks 
the  former  locally,  and  frost-bite  the  latter. 

1712.  Do  you  think  that  the  natural  law  of  a 
hotter  body  imparting  heat  to  a  cooler  would  be  sus- 
pended or  would  not  exist  in  the  case  of  the  lungs  ?  

Yes  ;  it  would  exist. 

1713.  Then  what  counteracts  it  j  because  unless  it 
is  counteracted  it  must  go  on  and  heat  the  fluids  of 
the  body? — I  do  not  think  it  would  heat  them 
beyond  a  certain  extent ;  beyond  that  excess  of  heat 
would  destroy  them. 

1714.  Unless  you  call  in  some  occult  principle  I  do 
not  see  how  that  known  law  would  cease  to  operate  ? 
— ^Perhaps  I  do  not  exactly  comprehend  the  true 
nature  of  your  qneation.  Will  you  kindly  repeat  it 
again  to  me  ? 

1715.  I  will  suppose  that  a  man  is  placed  in  a 
circuhition  of  air  in  perfect  shade  (for  we  have 
nothing  to  do  with  anything  except  the  mere  tempera- 
ture of  the  air),  heated  toa  temperature  exceeding  the 
temperature  of  his  own  fluids,  and  suppose  that  that 
air,  frcMn  being  saturated  with  moisture,  is  inci^aUo 

of  producing  any  evaporative  eflect  upon  his  body  ?  

Yes. 

1716.  The  first  thing  I  wish  to  know  is  whether, 
in  the  absence  of  evaporation,  there  is  any  modus 
operandi  by  which  that  air  can  abstract  heat  from  his 
body  so  as  to  counteract  the  natural  communication 
rf  heat  from  the  air  to  his  body,  because ,  his  body 
hemg  colder  than  the  air  must  absorb  heat  from  the 
air,  unless  it  be  counteracted,  either  by  evaporation, 
which  in  this  cose  does  not  exist,  or  by  some  other 
cause  which  is  tantamount  to  evaporation.  I  do  not 
see  upon  what  principle  the  fluids  of  his  body  could 
resist  an  increase  of  temperature  ? — I  should  think 
they  could  not  resist  a  very  great  increase. of  tem- 
perature. 

1717.  I  am  speaking  of  a  temperature  exceeding 
96P  ? — Yes  ;  exceeding  blood  heat. 

1718.  Supposing  that  the  temperature  is,  we  will 
say,  106".  Of  course  we  quite  recognize  the  fact 
that  if  the  conditions  ai-e  such  as  to  permit  of  evapo- 
ration from  his  skm  and  from  Ms  lungs  he  will  bear 
a  for  higher  temperature  than  that  ? — Yes. 

1719.  But  if  the  conditions  are  such  as  to  suspend 
that  evaporation,  then  comes  the  question  M-hat 
amount  of  heat  would  he  bear.  Do  you  consider,  first 
of  all,  that  where  the  fluids  of  a  man's  body  are  heated 
beyond  a  natural  amount  it  would  be  incompatible 
with  life  ?— Yes,  decidedly,  to  a  certain  extent.  I  do 
not  believe  that  a  man  could  exist  for  any  length 
of  time  if  the  fluids  of  his  body  were  heated  beyond 
100*.  The  blood  constituents  would  undergo  change, 
its  circulation  would  be  dangerously  afl^ted,  and  it 
would  become  congested  internally,  buzsting  probably 
its  containing  tubes. 

1730.  That  being  the  case,  I  want  to  know,  if  he 
is  plnnged  in  a  bath  of  air,  whether  it  be  moving  or 
whether  it  be  stationary,  heated  above  100",  and 
supposing  that  air  was  incapable  of  evaporating  from 
his  body  either  internally  or  externally,  what  is  to 
prevent  the  fluids  of  his  body  rising  to  the  tempera- 
ture of  that  air  ? — I  cannot  answer  that  question,  for 
I  never  was  under  those  circumstances.  I  never 
experienced  a  moist  temperature  of  100°. 

1721.  I  do  not  think  it  is  a  case  that  any  body  can 
iiave  experienced,  because  it  does  not  arise  upoa  the 
surface  of  the  earth  ;  but  it  is  a  ease  that  may  arise, 
and  probably  would  arise,  in  a  mine  certainly 
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A  86  never  experienced  it.  I  may  mentum,  if  it  bean 
J.  B.  Allan,  upon  the  subject  yon  are  interested  in,  tiiat  when 
Saq^  MJ>.    I  lived  on  the  south  coast  of  Madagascar,  which  I 

  did  for  some  months  on  two  different  occasions,  the 

\s  Jvlf  1869.  atmosphere  where  I  resided  was  loaded  with  moisture; 

the  temperature  never  riseE  to  above  I00»,  but  I  and 
the  natives  who  were  with  me  could  not  breathe. 
We  could  not  exist  until  we  lighted  wood  fires  in  our 
houses,  and  **  burnt  the  air,"  as  they  termed  it  in  their 
language. 

1722.  That  is  to  say,  yon  gave  an  artificial  diyness 
to  the  air  ?— Yes. 

1723.  And  enabled  it  to  work  evaporatively  uptm 
your  systema^  and  that  relieved  yon? — Tea.  This 
fhriher  remark  may  bear  upon  it.  The  reason  why 
I  came  to  do  this  was  that  the  natives  in  that  couotiy 
{probably  yon  are  aware  tiiat  is  a  very  unhealthy 
country  in  certain  times  of  the  year  along  the  coast) 
believe  that  there  is  a  poison  (which  is  quite  true)  in 
the  air  which  is  destructive  to  Europeans,  and  'that 
no  Europeans  can  live  there  in  the  months  of  October, 
November,  aad  December.  I  went  to  that  part  of 
the  coast  for  the  express  purpose  of  testing  that  in 
a  great  measure,  and  lived  there.  The  first  thing 
I  did  was  to.  acquaint  myself  with  such  measures  as 
the  natives  took  to  protect  themselves,  and  a  very 
clever  man,  Bakeliy,  govenun-  of  the  province  at 
Point  BafaUi^  told  me,  as  a  native  secret,  which 
firiend  FHnce  Corollier,  a  very  great  scholar,  con- 
finned,  that  th^  burned  what  Ihey  called  the 
» tasghan,**  which  in  reality  is  the  name  of  the  tree 
]nvdacing  the  state  poison  of  the  country,  that  was 
the  poison  in  the  air,  and  so  were  able  to  live  in  the 
miasmatic  atmosphere.  Then  it  .  was  necessary  for 
me  to  ascertain  where  it  was  that  this  poison  ema- 
nated from,  whence  its  source,  and  where  it  existed 
in  its  most  deadly  form,  and  I  found  it,  as  usual  in 
jungley  countries  in  the  tropics,  arose  from  the  in- 
credibly n^d  decay  fuid  growth  of  v^etable  life, 
and  it  was  given  out  during  night  in  most  fatal 
intensity.  T^lst  I  continued  having  a  fire  in  the 
centre  of  my  house  at  night  I  never  ^nw  ill,  and 
those  who  followed  tlui  Bameplaa  never  got  ill,  and 
we  were  able  to  brealhe.  The  thermometer,  which 
never  rose  above  Off,  in  this  moist,  loaded,  and  almost 
insufferable  atmosphere,  rose  when  the  fire  was  lighted 
to  often  120°,  and  we  were  comfortable. 

1724.  The  effect  of  that  fire  might  be  twofold.  In 
the  first  place  it  might  act,  and  in  fact  would  act,  as 
we  know,  by  drying  the  wr,  simply  ? — ^Tes. 

1725.  And  it  might  also  act  destructively  upon  the 
unknown  mi  unseen  miasmata  in  the  air  ? — Yes. 

1726.  But  we  are  quite  sure  it  would  act  by  drying 
the  air,  and  enabling  it  to  act  evaporatively  upon  the 
body  ^— Yes.  Anoukw  little  circnmstance  I  may 
mention  is,  that  wtdle  the  ur  was  in  this  ^nadful 
eondition  of  moisture,  whilst  it  was  a  maggj,  hot, 
atmosphere,  but  with  the  diermonetar  never  beyond 
90°,  we  had  no  thirst;  but  when  the  fires  were 
lighted,  and  the  thermometer  rose  to  12G^,  then  we 
became  thirsty,  and  we  drank  water,  and  got  well 
and  happy  and  comfortable,  and  slept  well. 

1727.  Evaporation  was  promoted,  and  you  got 
relief  ? — Yes ;  at  the  same  time  keeping  up  a  suppfy 
from  within  by  drinking  water,  which  met  the  ex- 
haustion from  without. 

1728.  What  is  your  view  as  to  what  constitutes 
what  is  commonly  called  closeness  in  (he  atmosphere  ? 
— Fet^e  say,  "it  is  very  dose  to-day,"  or  "very 
<^ppreaBiTe,"  iJthoagh  the  thermometer  may  not  show 
more  than  an  ordinary  summer  heat?— I  have  proved 
lhat  it  is  entirely  due  to  a  vast  amount  of  moisture 
in  tiie  atmosphere,  accompanied,  probably,  by  snne 
chemical  ingredients  whidi  I  know  nothiiug  abon^ 
and  electrici^  also. 

1729.  Then  am  I  right  in  inferring  from  all  yon 
have  told  us,  that  yon  are  of  opinion  that  this  very 
high  temperature  would  be  incompatible  with  labour, 
udess  accomjranied  with  great  dryness  in  the  at- 
mosphere Yes ;  that  is  my  impreesion  and  my 
npenenoe* 


1730.  And  if  yon  have  not  the  dry  aisaoepben 
yon  consider  necessary,  do  you  think  it  would  be 
practicable  for  human  labour  to  be  earned  on  at  a 
temperature  of  100°  or  more? — I  do  not  think  so 
continuously,  unless  the  air  were  kept  in  motion. 

1731.  I  do  not  exactly  see  your  principle  of 
motion.  I  cannot  get  hold  of  your  idea  ^actly. 
I  underatand  the  fact  of  motion ;  but  then  if  the  air 
in  motion  is  nevertheless  incapable  of  producing 
evaporation  in  consequence  of  its  being  saturated, 
I  do  not  see  what  good  the  motitm  does  you  ? — ^It 
certainly  renders  the  air  respirable  with  far  greater 
ease  and  facility,  and  makes  it  bearable. 

1732.  That  may  be ;  that  is  to  say,  yon  do  not 
breathe  the  same  air  over  and  over  again ;  yon  get 
fresh  air  to  breathe  ?— Yes. 

1783.  So  ftr  as  die  mere  qnestim  of  tempmtura 
goes,  or  so  far  as  the  question  of  the  body  absorbing 
or  the  body  giving  out  heat  is  concerned,  I  cannot 
see  how  the  motion  of  the  atmosphere  can  have  any 
infiuence,  if  it  be  already  saturated  with  moisture ; 
if  not  already  saturated  with  moisture,  of  course  you 
get  an  additional  cooling  eBect  ? — ^My  expwienoe  i^ 
that  moist  atmosphere  is  endurable,  provided  it  be 
kept  in  motion. 

1734.  Saturated  atmosphere? — Yes^  saturated  at- 
mosphere ;  but  it  most  be  k^t  moving ;  it  mnat  not 
be  the  same  atmosphere.  I  believe  it  is  entireliy 
owing  to  the  change  which  the  motion  gives  to  the 
air  in  its  aatarated  state  that  human  beings  cam 
exist  in  it ;  why  it  ahoold  do  s(^  I  cannot  tell, 
bqnmd  the  reasons  already  given  in  replies  to  former 
questions. 

1735.  In  the  case  that  I  have  given  yon,  that  is 
to  say,  in  the  case  of  air  carried  fer  into  a  very  deep 
mine,  and  brought  into  contact  with  men,  at  a  high 
temperature,  but  loaded  with  moisture  acquired  in 
its  passage  along  the  air  courses  of  tiie  mine,  what 
would  in  your  opinion  be  a  safe  limit  to  fix  as  that 
of  practicable  labour  under  such  circumstances,  where 
there  could  be  no  relief  from  evaporation  firom  the 
skdn  and  lungs  ? — should  think  a  temperature 
lOSf  mmld  be  the  utmost  limit  far  labCMor,  oontinned 
with  the  ixi&nary  breaks  as  above  ground. 

1786.  {Mr.  ZKeAmwM.)  If  the  air  were  kept  in 
motion  ?— Yes. 

1787.  Even  with  a  fan  ?— Yes. 

1738.  Blowing  against  them  ?— .Yes ;  Uowing 
against  them. 

1739.  {Mr.  Clark.)  It  is  a  fact)  that  faowevw 
damp  the  atmosphere  may  be  'even  in  this  dose  or 
as  you  call  it  "  muggy  "  weather,  yon  find  rdief  fiom 
a  punkah,  do  you  not  ?— Yes. 

1740.  {Mr.  Dickinson,)  In  the  word  eviration, 
do  yon  include  perspiration  ? — ^Yee  ;  perspiration  is 
oondmsed  evapcontion. 

1741.  Hien  so  long  as  perspiration  went  on  fieely, 
no  matter  how  mo»t  the  air  mi^t  b^  you  would  not 
expect  vital  energy  to  cease  ?— ^erspiratira  does  not 
go  on  beyond  a  certain  limit ;  if  the  air  be  very 
moist  it  impedes  it. 

1742.  Could  you  state  what  that  limit  is  ?— As 
I  mentioned  to  the  Chairman,  my  belief  is,  that  a 
temperature  of  100"  in  a  moist  atmosphere  would  be 
the  extreme  limit ;  that  is  my  belief,  from  my  own 
experience,  and  frcnn  the  experience  of  men  I  have 
had  under  my  care  in  various  parts  of  the  East. 
I  have  found  the  moment  that  warm-blooded  ai>*nf?^ 
inspired  air,  as  dense  and  as  loaded  with  moistore  as 
the  air  ^ich  thOT  esq^ed,  the  breathing  apparatus 
began  to  work  widt  ^eait  difficulty,  and  if  tiiat 
dmsily  were  increased  the  breathing  apparatos  al- 
most refiised  to  work  at  all,  and  the  foeUng  was  as 
that     arohyxia  from  slow  dbrowning. 

1748,  Then  if  yon  took  a  man,  and  shut  him  up  in 
a  hot  place  at  a  temperature  much  above  blood  heat, 
and  kept  a  current  of  air  moving  In  that  place,  he 
would  be  able  to  work  for  a  considerable  tinie^  so 
long  as  the  perspiration  continued  ? — ^Yes,  I  think 

BO. 

1744.  I  will  put  it  not  only  hot  but  even  satorated 


Digitized  by 


ON  fOSSIKLB  BBFCHS  IN  WOBEINe. 


167 


ur  ? — I  mean  by  hot  air  dry  air,  and  hence  I  sab* 
stituted  dry  air  of  high  temperature  to  live  in  for  a 
moist  irrespirable  air  at  a  low  temperature. 

1745.  And  in  practice  in  countries  where  there  is 
such  an  atmosphere  to  be  met  with  yon  have  found 
that  you  conld  counteract  it  by  a  fire  ? — Tes ;  and 
that  I  have  done  -within  a  very  few  d^rees  of  the 
Equator. 

1746.  Then  if  a  person  had  to  continne  too  long 
in  an  atmosphere  where  there  was  no  erapfffation 
going  on  from  his  body,  life  in  time  would  become 
extinct       shonld  think  so. 

1747.  As  soon  as  the  blood  was  riused  above  the 
temperature  of  about  100°  you  think  that  would 
happen  ? — I  should  think  so.  I  have  known  several 
instances  of  men  subjected  to  a  temperature  such 
as  I  have  been  describing,  in  an  atmosphere  loaded 
with  moisture  which  they  could  not  breathe,  who 
would  not  resort  to  a  firo  to  heat  it  and  get  rid  of 
the  vapour,  dying  from  apoplexy  of  the  brain  and 
apoplexy  of  the  longs. 

1748.  Then  if  air  can  be  conveyed  to  the  men  in 
a  mine  not  entirely  saturated  with  moisture  it  would 
be  each  as  would  support  life  ? — ^Tes.  I  shonld  think 
it  would  be  a  sine  jtta  non  to  have  dry  air  (and  then 
it  may  be  heated  to  any  degree  you  please  ahuMt) 
conveyed  to  a  mine.  I  may  mention  that  from  my 
experience,  after  I  bad  been  a  short  time  in  those 
countries,  wherever  I  went  it  became  a  habit  with 
me,  and  it  was  an  order  that  Z  ei^oin^  upon  all 
those  under  my  control,  that  a  fire  shonld  be  in- 
variably lighted  at  night.  The  men  complained 
sometimes  of  the  heat.  I  said,  I  don't  care  ;  if  you 
wish  to  live  you  must  have  a  fire.  If  you  wish  to 
dio,  breathe  this  air  if  you  like,  but  you  E^all  not  do 
It  while  I  have  control  over  you and  it  became  a 
regular  habit  to  have  fires  lighted  wherever  I  lived 
where  I  suspected  tiie  presence  of  moisture. 

1749.  (-nr.  Ged^$J)  Have  yon  had  occasion  to 
observe  the  rate  of  tiie  motion  of  the  air  you  have 
spoken  of? — ^No  ;  I  never  thought  of  measuring  it ; 
Ihe  air  did  not  move  generally  with  any  great 
velocity. 

1750.  Do  you  consider  the  question  of  the  velocity 
of  the  motion  of  the  air  as  important  for  thispurpoee  ? 
— ^No,  I  shonld  not ;  for  the  heat  produced  by  a  fire 
in  the  house,  in  a  room  not  the  size  of  this,  would 
not  cause  any  great  velocity  of  motion.  You  know 
in  those  oonnbies  we  do  not  care  much  about  smoke ; 
tiiat  is  a  trifle;  the  fire  is  l^hted  r^udless  of 
smoke. 

1761.  {Mr.  Dickinson.)  With  regard  to  the  moisture 
yon  have  spoken  of,  how  did  yon  ascertain  the  degree 
of  moisture?— We  ascertuned  it  in  vuious  simple 
ways;  for  instance,  by  the  paper  that  was  used  be- 
coming moist,  especialty  blotting  paper.  I  had  no 
instruments  at  the  time  for^  measuring  the  quantity 
of  moisture,  but  -when  the  paper,  particularly  blotting 
paper,  in  a  house  became  moist,  and  on  holding 
it  over  a  lamp  or  fire,  or  anywhere  near  either,  I 
found  it  smoked,  I  alway,  came  to  the  conclusion  that 
there  was  a  large  amount  of  moistare  in  the  atmo- 
sphere. 

1752.  Might  it  not  have  been  from  the  ground  ?— 
No,  not  from  the  ground. 

1753.  You  did  not  test  the  degree  of  moisture  by 
a  hygrometer? — No,  never.  I  nnfortunatoly  had 
none. 

1754.  I  consider  those  tests  you  have  spoken  of 
snflScien^  because  I  know  amongst  the  Ueaehers, 
those  who  have  to  ascertain  degrees  of  moistare,  can, 
by  the  feel  «f  the  thumb,  tell  the  degree  of  moisture 
almost,  better  even  than  the  hygrometer,  by  touching 
a  piece  of  cloth  ? — ^Yes  ;  that  is  quite  correct.  In  the 
case  of  wetu-ing  appwel  the  starch  of  shirts  and 
shirt  collars  is  all  destroyed  in  the  course  of  half  an 
hour.  I  have  seen  it  completely  flaccid  in  an  atmo- 
sphere loaded  with  moisture,  like  what  Ihave  described. 
We  were  content  with  tiiese  simple  tests }  tiiey 
answered  all  the  practical  purposes. 

1755.  (CAotrman.)  I  should  like  to  have  yonr 
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views  a  little  more  distinctly  upon  the  subject  of      A  87 
perspiration.   In  what  form  does  the  perspiration    J,  B.  AUam, 
pass  the  skin  ?  You  spoke  of  it  just  now  as  a  con-    £<jr*t  MM, 
densed  vapour.   Does  it  pass  the  skin  as  a  vapour  or 
in  a  liquid  state  ?— Both  ;  it  can  be  seen  with  a  glass  "fJlSl"? 
exuding  from  the  pores  of  the  skin  in  the  form  of  ' 
moisture,  and  it  also  escapes  from  the  skin  in  tiie 
form  of  vapour,  as  can  be  witnessed  by  endpsing  a 
finger  or  hand  in  a  glass  vacuum. 

1756.  Some  of  it  escapes  in  the  fwm  of  vapour  ?— 
Yes  }  moisture  imperceptiUe  with  s  powerful  micro- 
scope I  must  call  vapour,  though  no  doubt  it  is 
moisture. 

1757.  Do  you  consider,  apart  iVom  evaporation, 
that  persinration  has  any  coolmg  tendencT^  ? — Yes. 

1758.  In  what  way? — ^I  do  not  know  exactly  how 
to  account  for  it,  further  than  that  I  believe  it  must 
exert  some  powerful  influence  of  relief  upon  the 
nerves  on  the  surface  of  the  body,  where  it  parts  with 
its  caloric  and  excretory  matters,  and  so  by  r«fiex 
action  produces  a  cooling  efibct, 

1759.  I  understood  your  previous  answer  in  reply 
to  my  question  to  be^  that  you  are  not  aware  of  airy 
cooling  principle  excepting  that  of  eviq>oration  that 
could  operate  upon  the  human  body  in  counteracting 
an  external  conmiunication  of  heat  ?— No,  I  am  not. 

1760.  But  I  ttiink  you  are  now  speaking  of  perspi- 
ration as  having  an  ii^uence  apart  from  evaporation  ? 
— No,  not  apart ;  I  connect  the  two  together. 

1761.  We  must  keep  a  clear  distinction  between 
perspiration  and  evaporation;  perspiration  is  the 
exudation  of  the  fiuids  caused  by  the  external  tem- 
perature,  and  evaporation  is  the  conversion  of  that 
liquid  into  vapour,  and  the  production  of  cold  in  con- 
sequence ? — Yes,  and  vice  Twsft. 

1762.  Then  it  is  the  evaporation  of  theper^iration 
both  in  the  longs  intenuuly  and  oxtemaUy  on  the 
^kin  that  keeps  down  the  temperature  of  the  body 
when  the  conditions  are  such  as  to  communicate  heat 
to  the  body  ?— Yes ;  such  has  been  my  experience 
abroad,  irrespective  of  what  I  believe  is  received 
theoretically. 

176S.  Suppodng  the  case  of  the  surface  of  the 
body  being  96",  while  the  temperature  of  the  sur- 
rounding air  was  anything  higher,  say  100°  or  106", 
and  supposing  that  the  air  was  estimated  so  that  it 
could  not  take  up  any  more  moisture,  would  not  the 
effect  then  be,  that  the  coldra*  surface  of  the  body 
would  actually  condense  the  moisture  that  was  in  the 
Bir  upon  its  surface  ;  it  would  eettie  as  a  deposit  of 
dew  ? — I  should  think  sf>. 

1764.  Then  that  necessarily  impliee  that  the  body 
is  absorbing  heat  from  the  air  ? — ^Yes. 

1765.  l^en,  unless  there  be  some  counteracting' 
cause,  it  is  quite  clear  that  that  heat  would  continue 
to  rise  until  it  equalled  tiie  temperature  of  the  sur- 
roundiug  air. 

1766.  That  is  tantamount  to  saying  that  the  fluids 
of  the  body  would  rise  in  temperatm'e  if  they  were 
not  counteracted  by  the  evaporative  effect  of  dry  air  ? 
— Yes,  I  should  think  so. 

1767.  {Mr.  Vivian.)  But  do  you  imagine  tliat 
when  a  man  stands  in  a  temperature  of  200"  or  230^ 

the  fluids  of  his  body  would  rise  to  200°  or  230"  ?  

cannot  say  about  that ;  I  cannot  even  imagine  such 
a  power  of  adaptation  in  any  living  organisation. 

1768.  Is  it  possible  ?  Would  they  not  be  boiling  ?  

I  cannot  teU.  They  conld  not  approach  the  boiling 
temperature,  because  the  stmctures  contuning  tiiem 
wotud  be  disintegrated  long  before  212"  was  reached. 
In  my  experience,  the  effect  produced  by  heat  under 
the  circumstances  I  have  mentioned  was  most  re- 
markable ;  only  those  who  have  experienced  it  could 
believe  the  relief  it  gives  to  have  a  fire  lighted  so  as 
to  change  the  air  of  an  apartment  in  the  tropics  from 
moist  and  miasmatic  air  to  dry  air. 

1769.  {Mr.  Dickinson.)  I  believe  in  these  hot 
climates  as  long  as  perspiration  continues  a  man  is  in 
a  healthy  state  ? — That  is  not  always  the  ease.  I 
have  known  healthy  men  in  Ijadia  who  have  been 
there  for  half  a  centuiy  who  could  not  perspire  at  all ; 
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±  gg       who  had  not  the  power,  phyeicaUy,  of  perspiring, 
J.  B.  ABoH.    Mmj  men  never  perspire  in  the  tropics  at  all. 
Eaq'.,MM,       1770.  la  not  it  a  sign  that  you  anticipate  some 

  illness  coming  on,  if  a  man  ceases  to  perspire  ? — No. 

I5JiilyX86»,  The  flnids  ore  earned  away  hy  the  kidneys  and 
intestines. 

1771.  {Mr.  Clark.)  Do  you  regard  perspiration  as 
the  same  thing  as  evaporation  ? — I  mentioned  to  the 
Chau-man  that  I  thought  evaporation  was  a  variety 
of  perepiration.  It  is  invisible  perspiration.  Thus 
the  lungs  perspire,  you  may  say,  and  perspiration 
goes  on  through  the  skin. 

1772.  {Mr.  Vivian.)  Actual  perspiration,  which 
condenses  upon  the  skin,  has  an  eifect  in  enabling  the 
human  frame  to  resist  heal^  has  it  not ;  a  protecting 
effect  ? — Yea. 

1773.  The  coolness  resulting  from  it  is  not  only 
due  to  the  eooling  effect  of  evaporation,  but  also  to 
the  actual  presence  of  perspiration  upon  the  skin  ? — 
Yes  ;  but  then  that  perspiration  must  be  kept  up  bv 
taking  fluids  into  tiie  stomach,  or  else  the  i-elief  will 
not  be  secured  for  any  length  of  time.  The  best  of 
all  fluids  is  wholesome  water. 

1774.  (Mr.  Dickinson.)  Have  you  ever  been  in  a 
Bcivocco  wind  ? — Yes. 

1775.  Do  you  consider  that  moist  or  d^  ?— Some- 
times it  is  moist,  and  then  it  is  dreadfully  insup- 

rirtable.  When  it  is  dry  it  is  perfectly  supportable, 
have  been  in  a  sirocco  wind  on  the  south  coast  of 
Africa,  and  in  sand  storms.  The  sirocco  wind  when 
moist  is  insupportable,  and  when  it  was  approaching 
we  had  to  resort  to  the  old  plan,  and  get  down  upon 
the  sand,  and  scraping  a  hcue  and  putting  the  face 
into  it. 

1776.  To  get  the  moisture  from  the  earth  ? — No ; 
to  escape  the  moisture  in  the  sirocco  wind ;  to  get 
the  hot  dry  sand.  Then,  agam,  the  same  plan  had  to 
be  resoi'ted  to  in  order  tu  save  the  inspiration  of 
particles  of  sand  when  a  hot  sand  storm  was  coming ; 
to  get  down  into  the  immovable  sand. 

1777.  There  is  an  old-fashioned  plan  in  some 
mining  districts  of  puttuig  a  man's  head  into  a  hole  in 
the  ground,  a  newly  dug  hole,  fram  which  a  sod  has 
just  been  turned  out,  when  he  bos  been  rescued  from 
a  mine  neai*ly  suffocated.  It  is  supposed  that  that  is 
one  of  the  best  ways  of  reviving  him.  Do  you  think 
there  is  anythmg  in  that  ? — ^Yes.  There  is  no  anti- 
septic like  earth,  or  even  sand. 

1778.  Hiat  is  a  very  old  method? — Yea  ;  I  have 
beard  of  it.  It  acts  by  absorbing  and  neutralizing  all 
or  any  mephitic  or  septic  vapours  that  may  have  been 
inhaled. 

1779.  (Chairman.)  Your  reply  to  Mr.  Vivian's 
.question  just  now,  I  am  afraid,  rather  obliges  me  lo 
go  over  the  same  ground  again  with  regard  to  per- 
spiration and  evaporation.  It  is  very  important  to 
know  whether  perspiration,  independently  of  evapora- 
tion, has  any  cooling  effect  ? — Yes,  it  has. 

1780.  {Mr.Vivian.)  I  said  a  ptotoeting  effect? — Yes. 

1781.  It  has  a  mollifying  effect  ? — ^Yea.  Perspira- 
tion, I  think,  has  a  certain  effect  in  preventing  the 
rise  of  temperature  of  the  body,  for  the  reasons  already 
mentioned. 

1782.  {Chairman.)  To  return  to  the  old  siutpo- 
sition  of  a  man  working  in  a  damp  atmosfuiere 
exceeding  the  temperature  of  his  own  body,  I  want 
to  know  what  does  prevent  his  body  by  d^^rees, 
shortly  or  quickly  (it  is  not  a  question  of  time),  under 
such  circumstances,  from  acquiring  an  abnormal  tem- 
perature with  regoi'd  to  its  fluids ;  that  is  to  say,  what 
prevents  the  temperature  of  the  fluids  of  his  body 
rising  by  degrees  to  an  equality  with  the  atmosphere  ? 
I  quite  understand  evaporation,  but  we  put  that  out 
of  the  question,  because  we  are  now  considering  the 
effect  of  damp  air.  If  there  is  nothing  but  perspiration 
to  operate  in  that  way,  in  what  way  does  perspiration 
prevent  the  effect  that  would  otherwise  necessarily 
occur  ? — I  suppose  only  through  the  perspiration 
evaporating. 

1783.  That  is  the  whole  point.  The  evaporation 
of  tlie  moisture  abstracts  heat  from  the  body,  and 


counteracts  the  commanication  of  heat  to  tiie  body? 
—Yes. 

1784.  If  there  is  no  evaporation,  then  I  ask  yon 
has  perspiration  either  a  cooling  effect,  or  has  the 
vapour  producing  it  a  protective  effect  to  prevent 
that  acquisition  of  heat  ?  If  there  be  no  evaporation, 
does  perspfration,  per  w,  and  perfectly  distinct  from 
evaporation,  produce  a  cooling  effect,  or  an  effect  that 
would  counteract  that  of  a  high  surrounding  tem- 
perature ?— Yes,  decidedly ;  it  counteracts  a  high 
surrounding  temperature. 

1785.  Then  I  want  to  know  upon  what  principle 
it  does  that  ? — I  cannot  tell  yon  upon  principle. 
Whether  it  be  from  the  living  organization  within  us 
being  thereby  relieved,  I  cannot  say.  The  nervous 
system,  I  believe,  is  also  relieved  in  some  way  or  oUier 
by  reflex  action. 

1786.  To  naiTow  the  question,  wonid  perspiration, 
per  se,  independently  of  evaporation,  prevent  the 
human  body  acquu-ing  tiie  temperature  of  the  external 
atmosphere  T — To  a  certain  extent,  I  should  imagine 
it  would. 

1787.  (Mr.  Vivian.)  Would  it  enable  a  man  to 
support  these  temperatures  better  than  if  he  did  not 
perspire  ? — Yes. 

1788.  {Mr.  Clark.)  Ton  say  there  are  men  who  do 
not  perspire  ? — Yes. 

1789.  What  keeps  them  cool  ?  W%  do  they  not 
rise  to  the  external  temperature  ?— They  perspire 
from  their  lungs. 

1790.  {Mr.  Dickinson,)  By  the  simple  expedient 
of  a  tire  you  say  you  were  enabled  to  counteract  the 
effect  of  the  moisture  in  Madagascar  ?— Yra ;  and  on 
tho  south  coast  of  Africa,  and  at  Zanzibar,  and  at 
Batavia,  and  elaewhfve. 

1791.  If  in  a  mine  you  have  the  means  of  de- 
priving the  air  of  its  moisture,  might  not  a  man  be 
able  to  work  at  these  high  temperatures  of  120"  or 
125°  that  you  speak  of? — ^Probably.  I  should  say  so, 
from  my  experience  on  the  siu*face  of  the  earth. 

1792.  In  a  well  ventilated  mine  the  air  is  taken 
down  continuously  from  the  siuface  in  one  large  ur- 
course  as  straight  as  possible  to  all  the  workings, 
and  even  if  it  picks  up  moisture  on  the  way  it  may 
not  necessarily  be  saturated? — ^After  I  came  from 
India,  I  was  curious  to  ascertain  what  effect  radiated 
heat  would  have  upon  me,  and  I  went  to  the  various 
glasshouses  in  Newcastle,  Sunderland,  Glasgow,  and 
Leith,  and  I  found  I  could  stand  almost  any  tempera- 
ture. It  was  very  similar  to  the  hot  air  in  ^dia,  as 
regards  the  efl^t  upon  the  body. 

1793.  (CAotrman.)  Of  radiant  heat?— Yeaj  or 
reflected  heat,  as  I  coll  it. 

1794.  {Mr.  Dickinson.)  Up  to  what  temperature 
did  you  experience  it  ? — I  cannot  remember  now ; 
but  I  have  been  in  all  those  plate  glass  factories  and 
bottle  making  houses.  I  cannot  remember  now  the 
temperature,  but  I  should  think  the  tonperature  of 
those  places  would  be  well  known. 

1795.  {Chairman.)  Setting  aside  altogether  the 
hypothetical  case  of  a  mine  that  we  have  been 
putting,  and  just  speaking  from  your  own  experience 
of  tropical  shade  heats  of  a  moist  character,  what  is 
the  highest  temperature  of  moist  heat  that  you  think 
compatible  with  human  labour  ? — do  not  think 
that  human  labour  could  be  carried  on  to  any  great 
extent  at  a  higher  temperature  than  100°  in  any 
moist  atmosphere. 

1796.  {Mr.  Vivian.)  And  what  in  a  dry  atmo- 
sphere ? — I  have  been,  as  I  mentioned  to  the  Com- 
mittee, in  temperatures  of  120"  and  125°. 

1797.  Was  that  with  dry  air  ? — Dry  air,  and  in  the 
shade. 

1798.  {Chairman.)  Do  you  think  that  those  tem- 
peratures of  120**  and  125°  would  be  consistent  in 
dry  air  with  human  labour  ? — Decidedly.  I  have 
had  large  bodies  of  men  under  my  care  working  in 
such  temperatures,  and  I  once  travelled  with  a  native 
army  of  1(^000  men  in  the  east,  and  tor  sevwal  days 
we  were  in  a  temperature  of  120°. 

1799.  Shade  or  son  ?<— Shade;  and  my  business, 
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as  a  companion  trareller,  uot  in  any  official  capacity, 
vaa  to  supply  ihem  with  water  simply,  along  with 
other  friendly  aid. 

1800.  (JIfr.  Viinan*)  Would  not  a  man  bo  in  a 
better  condition  of  body  if  he  were  enabled  for  two- 
thirds  of  lua  time  to  be  in  a  temperature  of  60°  or 
70^  after  being  in  those  high  temperatures  ? — ^Yes. 

1801.  That  would  invigorate  him  decidedly  ? — 
Yes. 

1802.  So  that  tho  condition  of  a  man  who  having 
worked,  say  8  hours  out  of  24,  ia  a  temperature  of 
120^  or  130°,  afterwai'ds  remains  for  the  rest  of  the 
24  hours  in  a  moderately  cool  temperature,  such  its 
the  mean  temperature  of  the  United  Kingdom,  would 
be  very  different  from  that  of  a  man  who  is  exposed 
night  and  day  to  these  high  temperatures  ? — ^Yes  ;  it 
would  be  much  more  in  liis  favour,  aud  that  man 
might  live  for  an  iadefinate  pei'iod,  if  he  only  at- 
tended to  his  diet  and  regimen.  I  could  not  conceive 
that  there  would  bo  anything  at  all  iiyariouB  to  health 
nnder  such  circumstances. 

1803.  ( Chaii'man.)  Supposing  a  man  to  be  work- 
ing modwate  hours  of  labour  in  a  mine,  say  eight 
hours  a  day,  and  spending  the  rest  of  his  time  in  a 
perfectly  healthy  atmosphere  above  ground,  do  you 
consider  under  those  circumstances  that  he  could 
work  in  the  conditions  of  the  moist  atmosphere  I 
have  spoken  of  at  a  higher  temperature  than  100^  ? 
— I  do  not  know  ;  I  should  think  he  would  have  a 
greater  chance  of  doing  so. 

1804.  As  a  matter  of  opinion,  we  want  the  pro- 
bable limit  of  temperature  under  the  circumstances 
which  Mr,  Vivian  has  described,  uamely,  of  a  man 
living  in  a  healthy  atmosphere  the  rest  of  his  time  ; 
do  you  think  we  might  set  the  probable  limit  higher 
than  100<*  ? — I  do  not  know.  I  should  be  iucUned 
still  to  adhere  to  the  100°,  though  of  course  he  would 
be  more  likely  to  work  if  there  were  a  break. 

1805.  Of  course  the  condition  of  a  man  living 
eontinnally  in  that  temperiiture  we  do  not  entertain 
for  a  moment  It  would  not  be  necessary.  It  is 
only  during  the  period  of  his  labour,  and  even  then 
he  could  get  relief? — If  he  got  relief  I  should  be 
disposed  to  think  he  could  labour  for  a  certain  time 
in  a  higher  temperature,  but  certainly  not  con- 
tinuously, so  far  as  I  could  infer  fkom  my  own  ex- 
perience. 

1806.  (Mr.  Vivian.)  When  you  speak  of  a  moist 
atmosphere,  I  presume  you  mean  a  saturated  atmo- 
sphere ? — Yes  ;  a  saturated  atmosphere. 

1807.  {Chairman.)  When  you  speak  of  a  moist 
atmosphere  in  the  tropics,  do  you  speak  of  an  atmo- 
sphere that  you  know  to  be  absolutely  saturated  as  one 
that  you  oidy  know  to  be  very  moist  ? — One  that  I 
know  to  1>e  saturated. 

1808.  What  is  your  test  of  saturation  ? — ^I  men- 
tioned that  I  judged  by  the  state  of  the  paper,  the 
shirt  collars,  wearing  apparel,  and  surrounding  sub- 
stances. 

1809.  All  those  things  indicate  moisture,  but  not 
necessarily  absolute  saturation  ? — I  tliink  you  would 
find  that  in  those  countries,  they  indicate  saturation. 
As  I  mentioned,  I  had  no  instrumental  evidence,  but 
then  there  is  one's  own  feeling.  The  lungs  are  capital 
instruments  for  the  measurement  of  moisture. 

1810.  Of  course,  in  a  moist  atmosphere  that  was 
not  absolutely  saturated,  the  evaporation  would  be 
extremely  slow,  but  with  absolute  saturation  there 
would  be  no  evaporation  at  all  ? — ^Noue  whatever. 

1811.  Therefore  the  relief  due  to  evaporation  would 
be  very  small  in  a  very  moist  though  not  saturated 
atmosphere  ?— Yes,  very  small. 

1812.  In  what  yon  woold  call  a  decidedly  moist 
Atmosphere  (without  going  into  the  qnesticm  of  ex- 
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treme  saturation),  I  would  ask  you  again,  what  do       A  89 
you  think  would  bo  a  safe  limit  to  state  as  being    J.  B.  Allans 
compatible  with  human  labour  ?   You  have  already  MM, 
said  100^,  but  supposing  the  temperature  that  we  now   _  — 
speak  of  is  of  an  air  not  absolutely  saturated,  but  stilt  "^"'^ 
what  you  would  call  in  epical  countries  a  moist  air,  " 
what  would  tlie  limit  be  ? — I  should  consider  that  a 
man  might  be  able  probably  to  work  longer  under 
such  easier  circumstances,  but  I  still  think  that  a 
temperatui'O   of  100°  thermometrical  measurement 
woiUd  be  the  extent  to  which  a  man  could  work  for 
any  continuous  length  of  time  with  advantage  to  the 
purpose  for  which  he  was  working. 

1813.  In  an  air  which  was  highly  unfavouroblo  to 
evaporation  ? — ^Yes. 

1814.  (JIfr.  Vivian.)  What  I  understand  your 
opinion  to  be  is  that  what  you  call  moist  air  in 
tropical  climates  in  your  judgment  ia  saturated  idr  ? 
— Yes ;  to  a  certain  extent. 

1815.  {Mr.  Clark.)  With  regard  to  a  i-oom  or  a 
place  in  which  the  ur  is  as  you  say  saturated,  do  you 
ever  see  the  moisture  running  down  tlie  walla  7— 
Sometimes. 

1816.  Would  yon  not  take  that  as  an  evidence  that 
the  ftir  was  saturated  ? — Yes. 

1817.  (  Chairman^  Would  you  not  rather  take  it 
as  an  evidence  that  the  walls  of  the  room  were  colder 
than  the  air  ? — No.  I  will  mention  an  instance  to  you 
if  you  will  allow  me,  confii-ming,  as  I  conceive,  my 
own  ideas.  In  one  part  of  the  east  where  I  lived  tho 
houses  were  all  built  of  the  leaves  of  the  rafia  palm, 
and  were  quite  hot  outside  and  in  sometimes,  and 
sometimes  quite  cool,  but  tho  rafia  palm  when  tliere 
was  an  excessive  amount  of  moisture  in  the  air  woa 
moist  both  outude  and  in  the  house,  and  the  moisturo 
ran  down. 

1818.  (Mr,  FivioH.)  Evidencmg  saturation? — 
Evidentung  most  complete  saturation  both  outside 
and  inside.  I  may  mention,  that  I  noticed  lAiis  par- 
ticularly, because  I  was  curious  enough  to  collect 
some  of  this  moisture,  and  attempt  in  my  own  way 
to  analyse  it,  and  find  out  whether  it  contained  any 
morbific  elements  in  any  form  injurious  to  life,  and 
that  is  why  I  recollect  the  fact.  The  moisture  wan 
collected,  not  on  the  principle  of  ordinary  dew,  but 
from  sheer  saturation  of  the  au'  with  moisture,  and  in 
that  atmosphere  I  repeat  again  we  could  not  breatlio 
freely  until  we  had  fires.  I  may  add,  that  some  12  or 
24  hours  before  the  setting  in  of  those  terrible  hurri- 
canes which  often  devastate  Mauritius  and  Islimd 
of  Bourbon  or  Reunion,  their  approach  is  indicated  on 
many  occasions  less  by  luu'omctric  fall  than  by  a  still 
atmosph^x)  loaded  with  moistui'e,  and  very  difiicult 
to  respire.  Throughout  a  hurricane  in  those  latitudes 
the  Increase,  of  moisture  amounts  to  run,  and  although 
tliermometric  range  then  and  befm^  varies  only  from 
80  to  96,  yet,  the  instant  velocity  is  imparted  by  tho 
hurricane  to  the  previously  still  air,  it  becomes 
agreeably  respirable  and  most  welcome.  At  sea  it  js 
the  some,  whether  in  the  vortex  of  those  cyclonic 
phenomena,  or  on  their  outer  margin,  where  the  air 
is  calm  and  the  sea  enormous,  boulders,  as  it  wei-e, 
jumping  up  in  all  directions.  The  temperature  is 
low  and  variable  during  both  conditions,  and  moisinro 
amounts  to  saturation  and  rain  ;  but  it  is  only  during 
the  overwhelming  dead  calm  that  respu*ation  becomrs 
a  task, — a  burden.  If  it  continued  dm-ing  a  cyclone 
any  effort  at  preservation  would  be  a  physical  im- 
pos«bility  ;  but  happily  the  air  roused  then  into  motion 
gives  freedom  to  the  respiratory  organisation,  and  the 
vis  inertias  yields  to  the  hitherto  suppressed  vis  vitfls. 
These  remarks  are  offered  to  the  Commission  from  my 
own  experience  and  obso'vation. 

}  withdrew. 
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1819.  {Chairman.)  Ton  have  given  your  attention 
to  the  sntgect  of  the  temperature  which  can  be  en- 
dured hy  human  beings  under  conditions  of  labour  and 

of  rest  ? — have  only  done  so  in  a  general  point  of 
view,  in  relation  to  physiology  and  pathology,  and  so 
on, 

1820.  Have  you  made  any  e^qperiments  upon  the 
subject? — No;  I  have  made  no  experiments  directly 
bearing  upon  the  subject. 

1821.  Have  yon  any  experience  of  tropic^  climates? 
—Not  at  alL 

1822.  Will  yon  be  so  good  as  to  state  what  are  your 
general  views  upon  the  subject  ?  The  point  at  which 
we  wish  to  arrive  is  the  limit  of  temperature  which  is 
compatible  with  labour  in  coal  mines  V — Yes ;  I 
quite  onderstand  die  question. 

1828.  If  you  will&vonr  us  with  any  remarks  which 
you  have  to  make  upon  lliat  sulgect  we  diall  be 
obliged  to  you? — ^I  shall  omit  anything  which  I 
should  otherwise  have  e^d,  which  has  been  already 
said,  with  reference  to  the  question.  It  strikes  me 
that  evidence  may  be  derived  ftom  two  sources,  in  the 
first  place  from  the  indefinite  observations  which  have 
been  made  upon  men  working  in  high  temperatures  ; 
and,  secondly,  from  the  results  of  experiments  upon 
animals.  As  regard  the  first  point,  it  appeared  to  me 
to  be  likely  that  I  should  get  information  by  exa- 
mining into  the  condition  of  the  pianoforte  makers, 
whom  I  have  frequently  had  under  my  care  in  hoBpital, 
Buffering  from  the  efiects  of  temperature  ;  and  I  asked 
Mr.  Broadwood  to  allow  me  to  examine  his  men  with 
this  view.  Although  the  usual  temperature  of  tiie 
workshops  does  not  exceed  84  degrees,  the  men  com- 
plain more  or  less  of  depression  and  languor ;  they  do 
not,  however,  suffer  materially,  that  is  to  say,  they  are 
never  obliged  to  give  up  their  work,  and  can  go  on 
for  years  without  interruption.  As  to  other  occopa^ 
tions,  I  have  observed  similar  effects  in  sugar  bakers, 
but  I  have  not  had  time  to  ascertain  as  I  should  like 
to  have  done  in  what  precise  way  they  suffer.  Sugar 
bakers  are  subject  to  a  temperature  considerably 
higher  than  I  have  mentioned.  With  reference  to  the 
action  of  temperature  upon  animals,  there  is  one  &ct 
ascertained  which  seems  to  me  to  be  of  great  impor- 
tance, namely,  the  fact  that  in  so  far  as  temperatures 
between  100  and  110  degrees  exercise  an  action,  that 
action  mazufests  itself  in  diminution  of  muscular  power. 
This  has  been  ascertained  by  very  exact  observation^ 
with  respect  to  one  particular  muscle,  namely,  the 
heart  The  action  of  the  temperature  upon  the  heart 
has  been  ascertuned  with  very  great  precision. 
Every  one  knows  that  it  is  p<»sible  to  keep  die  heart 
of  the  cold-blooded  animals  working  for  a  very  long 
time  separately  from  the  body,  and  of  late  physiologists 
have  not  only  done  that,  but  have  been  able  to  adjust 
the  heart  to  an  artificial  circulation,  so  that  the  heart 
can  continue  not  only  to  contract,  and  to  palpitate, 
but  to  do  work  in  pumping  a  liquid  through  a  system 
of  tubes.  With  this  arrangement  the  exact  quantity 
of  work  which  the  heart  does  in  a  given  time,  say  in 
a  minute,  may  be  measured.  With  reference  to  wogiBj 
it  has  been  ascertained  that  at  a  certain  tempwature  a 
maximum  is  reached,  and  above  that  temperature  the 
amonnt  of  wm^  done  by  the  heart  continues  about  the 
sam^  but  that  aa  soon  as  a  certain  temperature  ia 
reached  the  amount  of  work  done  per  minute  rajddlj 
dimittishea.  The  point  at  which  thla  occurs  in  tlie 
fix^B  heart  is  about  80  degrees.  These  &cta  are  of 
value,  as  showing  that  there  ie  a  definite  relation 
between  the  temperature  and  the  work  done  in  a 
certain  time.  Then  we  come  to  observations  which 
have  been  made  on  warm-blooded  animals.  As  to 
dogs,  it  has  been  ascertained  that  the  temperature  of 
110  degrees  is  fatal;  that  if  a  dog  is  kept  for  50 
minntea  in  a  temperature  of  110  d^rees  death  ia 
jHrodnoed,  and  it  la  produced  in  a  particular  way, 


ziamely,  that  the  d^  first  exhibits  symptoms  of  distreaa, 
and  that  then  there  ia  muaculu*  disturbance,  and 
finally  paralysis  of  all  the  muscles,  and  particularly 
panlysis  of  tiie  heart.  Immediately  a&ec  death,  if 
the  animal  is  examined,  it  is  fimnd  that  the  irritability 
of  all  the  muscles  has  been  diminished,  but  pu-ticu- 
larly  the  irritability  of  the  heart  itself  and  of  the  dia- 
phragm, which  is  the  principal  mnscle  of  respiration, 
is  completely  abolished,  so  tiiat  no  contraction  of  the 
diaphragm  or  of  the  heart  can  be  excited  by  the  gal- 
vanic stimulus.  These  results  will  b^in  to  fffea^t 
themselves  as  soon  as  the  temperature  of  the  animal 
reaches  about  103  or  104  degrees. 

1824.  Do  you  mean  to  say  that  that  is  so  when  die 
temperature  of  the  air  exceeds  the  temperature  of  the 
animal  ? — Yes.  When  the  temperature  of  the  air  is 
kept  a  little  over  100  degrees,  the  anunal  stands  it 
well  for  a  certain  time,  but  eventoally  its  bodily  tern-, 
perature  rises,  and  as  soon  as  it  has  gone  on  to  103  or 
104  degrees  then  the  symptoms  present  themselves, 
and  in  a  short  time  afterwards  the  dog  is  paralysed. 

1825.  (Jfr.  Vivian.)  What  is  the  temperature  of  a 
dog's  blood  ? — Somewhat  higher  than  that  of  the 
human  blood,  which  is  about  98  degrees,  with  a  little 
variation. 

1826.  {Chaimum.)  A  dog's  blood  may  increase  in 
temperatnre  owing  to  its  being  surrounded  by  a  highly 
heated  medium,  -and  when  it  attains  that  excess  deau 
ensues? — Yes  j  by  paralysis  of  the  muscles,  and  par- 
ticularly of  the  heart  and  of  the  diaphragm.  Of 
course  it  is  most  important  to  observe  that  no  effect 
takes  place  until  not  only  the  medium '  obtains  a 
high  temperature,  but  the  temp^ature  of  the  body 
itaelf  increases.  The  next  pcdnt  is  die  effect  of  that 
on  man.  The  only  observations  which  I  know  of 
which  have  been  made,  which  seem  to  bear  very 
directly  on  the  point,  are  observations  which  have 
been  made  on  persons  under  gymnastic  exercise,  in 
which  it  has  been  found  that  gymnastic  exercise  can 
be  kept  up  even  in  high  temperatures,  with  very  great 
intensity,  up  to  a  certain  point.  Eventually  the  same 
effect  is  produced  as  in  a  dog,  namely,  that  the  tem- 
perature of  the  body  rises  to  a  temperature  comparable 
to  that  of  fever,  namely,  102  or  103  degrees,  and  that 
as  soon  as  that  takes  place  the  person  feels  extremely 
faint,  and  that  all  capacity  for  further  exertion  ceases. 

1827.  You  have  spoken  of  gymnastic  exercise  ?  Do 
you  speak  of  that  as  the  source  of  a  high  temperature, 
or  of  gymnasdc  exercise  in  a  high  temperature  ?— > 
I  speak  of  gymnastie  ezerdse  in  a  high  temperature. 

1828.  In  what  temperatnre  ?— About  90  degrees. 

1829.  Am  I  to  infer  from  what  you  say  that  gym- 
nastic exercise  would  tend  to  heat  the  body  over  and 
above  its  natural  temperature,  that  is  to  say,  that  the 
increase  of  temperature  in  the  body  wonld  be  due  to 
the  heat  in  the  atmosphere,  and  also  to  the  muscular, 
exertion  ? — Yes,  it  would  be  so.  The  next  point  is 
whether  there  is  not  a  greater  power  of  compensation 
in  men  than  in  anim^  ?  I  think  that  there  is.  I 
think  that  a  man  will  stand  a  high  temperature  which 
one  of  the  lower  animals  womd  not  stand,  simply 
because  the  compensation  arrangements  are  very  mwm 
mora  complete.  In  the  first  place^  a  man's  skin  ia 
very  much  better  adapted  to  provide  for  increaaed 
evaporation  from  the  surfibce  j  and,  secondly,  one  knows 
from  observation  that  a  man  can  endure  very  much 
higher  temperature  than  animals.  On  these  and  other 
grounds  I  believe  diat  the  power  of  compensation  (by 
which  1  mean  the  power  of  maintaining  the  tempera- 
ture of  the  body  at  the  normal  standard,  notwith-' 
standing  •  increased  temperature  of  the  surrounding 
ur,)  is  much  greater  in  man  than  in  animals.  The 
compensation  is,  of  course  due,  in  the  first  place,  to 
respiration,  and,  secondly,  to  the  action  of  the  skin  ; 
both  those  compenaatory  agenta  have  verr  mach 
greater  range  in  num  than  in  die  lower  anlmafa. 
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1880.  An  joa  oomparing  a  man  with  a  dog? — 
Tea. 

1831.  A  dog  cannot  perspire  as  a  man  does  ? — Just 
so;  and  therefore  you  oonld  not  apply  the  experiments 
<m  a  dog  directly  to  a  man. 

1832.  What  are  the  agents  which  are  at  work  in 
eorapensation  ?— <)n  tlie  one  side  respiratdon,  and  on 
the  other  evi^ioration  from  the  skin.  Radiation  must 
also  have  its  mflnence. 

1833.  Then  yonrecognize  radiation  and  evaporation 
as  the  only  agents  whi(Si  will  keep  down  the  efTect  of 
temperature  ? — Yea,  Those  vit^  processes,  e.g.,  in- 
creased respiration,  circolation,  and  perspirfttion,  by 
which  the  temperature  of  the  body  is  prevented  from 
ridng  above  the  natural  standard,  are  efficient  for  this 
purpose,  by  virtue  of  their  promoting  evaporation  in 
the  longs  and  at  the  surface. 

1834.  Perspiration  per  $e  will  not  do  so?— No ;  not 
otherwise  than  as  promoting  evaporation. 

1835.  I  nnderstand  frcnn  yon  that,  with  regard  to 
labour  conducted  in  an  atmosphere  of  high  temperature, 
the  labour  itself,  independentiy  of  the  high  temperature, 
would  be  a  sotn^  of  increased  heat  to  the  body  ? — 
Certainly ;  for  every  pound  work  done  heat  is 
produced.  The  question  is,  where  it  goes  to.  Some 
of  it  goes  in  evaporation. 

1836.  May  it  not  be  that  all  appears  in  increased 
perspiration  and  subsequent  evaporatiou  ? — ^Yes.  The 
principal  amount  which  is  lost  will  bo  by  evaporation, 
and  another  smaller  proportion  will  be  converted  into 
work.  If,  after  these  deductions,  there  is  a  remainder, 
it  will  go  to  increase  the  temperature  of  the  body,  and 
the  moment  that  that  occurs  I  think  that  the  individual 
will  be  found  to  be  no  longer  capable  of  work. 

1837.  We  will  take  dry  atmosphere,  which  would 
be  yeej  fiiTonrable  to  work.  Do  you  think  that  those 
drcmnstances  of  the  human  body  would  prohibit  la- 
bour in  an  increased  temperature  r— Yes,  if  the  laibonr 
were  excessive  ;  and  I  am  quite  sure  that  there  is  a 
point  at  which  tJie  production  of  heat  by  muscular 
exertion  in  a  heated  atmosphere  exceeds  the  possible 
lews  of  heat  by  these  agencies. 

1838.  We  will  take  the  hypothetical  case  of  air 
circulating  in  a  mine  at  a  temperature  of  100  degrees, 
which  is  Etj,  and  therefore  favourable  to  a  free  evapo- 
ration. Do  you  think  that,  under  those  circumstances, 
a  man  could  labour  without  injury  to  his  health? — I 
tiilnk  that  some  men  could,  and  that  some  men  could 
not.  I  imagine  that  a  temperature  of  100  degrees  just 
lies  on  the  boundny  between  possibility  and  impos- 
8ibilif7,  and  l^t  ttore  would  be  a  great  difference 
between  persons  of  different  constitutions,  and  that 
some  woiud  be  able  to  accustom  themselves  to  a  tem- 
perature of  100  degrees,  and  that  others  would  not  be 
able  to  do  so. 

1839.  Would  you  consider  that  the  effect  of  that 
high  temperature,  when  accompanied  with  labour, 
would  be  to  increase  the  temperature  of  the  internal 
fluids  beyond  the  normal  condition  ? — Yes  ;  that 
would  be  the  dangerous  effect ;  so  long  as  that  did  not 
take  place  the  men  could  work. 

1840.  Doyou  consider  that  there  would  be  a  danger 
of  that  ? — Yes  ;  supposing  that  work  is  to  be  done ; 
but  if  a  man  is  at  rest  there  is  no  doubt  that  he  cui 
stand  that  temperature. 

1841.  Supposing  that  the  atmosphere  was  moist 
instead  of  dry,  vraat  would  be  the  mwt  ?— I  believe 
that  the  efl^  would  be  iktal  to  his  capacity  for  work 
and  dangerous  to  his  health. 

1842.  Take  damp  ur,  and  not  actual  stagnation  ? — 
I  am  not  myself  aware  of  the  maximum  of  humidity 
which  exists  in  mines,  so  that  I  cannot  answer  the 
question  distinctly. 

1843.  It  is  a  condition  of  very  considerable  mois- 
ture, namely,  in  distant  parts  of  the  workings  ? — Yes. 

1844.  After  circulating  through  long  passages  in  a 
mine,  the  air  takes  up  a  very  considerable  amount  of 
moistnre,  and  it  would  be  moist  air  Taking  a  prac- 
tical test,  I  should  think  that  supposing  that  the  wet 
and  the  dry  bulb  thermometers  were  within  two  or 
three  d^rees  of  each  other,  it  would  be  very  danger- 


ous ;  but  if  they  were,  as  they  usually  are  in  the  open      a  q-i 
air,  in  the  summer,  about  10  degrees  wart,  I  think    -  . 


that  it  could  be  tolerated  imder  those  circunutances. 


I  do  not  tJiink  that  th^  exists  any  definite  and  j£d.,Fm.3. 
exact  obs^ation  as  to  the  effects  of  labour  in  a  high     '  ^^—^ 
temperature.   I  think  liiat  probably  useftil  results  IS  July  1869. 

mi^t  be  obtained  hjr  experiment;  but,  so  fin- as  I  know,   —  ■ 

no  one  has  made  experiments  of  an  exact  nature  upon 
a  human  being,  such  as  have  been  made  npon 
animals. 

1845.  We  have  it  in  evidence  that  very  high  tem- 
peratures can  be  endured  in  t^e  stoke  holes  of  steam- 
ers; even  a  temperature  of  170  degrees  P — ^Yes. 

1846.  Does  uiit  excite  uiy  surprise  (m  your  part  ? 

— Yes. 

1847.  How  do  yon  explain  it  ? — Simply  because 
there  for  a  certain  time  compensation  can  be  kept  up. 

1848.  They  can  endure  it  for  eight  hours  in  a  day, 
with  intervals ;  but  the  intervals  are  shorter  than  the 
intervals  of  actual  work  ? — ^Yes;  but  I  think  that  a 
very  short  interval  would  be  suflcient  to  djniiniBh  the 
efi^t  immensely. 

1849.  Wonld  you  draw  any  distinction  between  tem- 
perature derived  from  radiation  and  temperature  of 
actual  contact  from  the  outside  atmosphere  ? — Yes  ;  I 
think  that  you  ought  to  be  most  careful  to  get  rid  of 
radiation  in  measuring  the  temperature. 

1850.  In  t^eee  stoke  holes  an  enormous  amount  of 
air  is  drawn  through  by  the  suction  of  the  chimney  ? 
—Yes. 

1851.  At  a  glance,  one  can  see  that  the  air  has  no 
time  to  acquire  the  temperature  ? — ^Yes. 

1852.  From  an  experiment  which  I  have  mado 
within  the  last  few  days,  I  have  satisfied  myself  that 
the  air  temprntture  is  very  different  in  these  stoke 
holes.  At  Elswit^  tiie  air  temperature  was  only  78 
degrees,  whonas  the  other  temperature  was  108 
degrees  ? — ^Yes. 

.  1853.  But  stUi  the  body  is  exposed  to  a  higher 
heat  ? — Yes.  As  i-^ards  exposure  to  high  tem- 
perature for  short  periods,  there  are  many  observations 
on  record,  as,  for  example,  those  which  are  to  bo 
found  in  the  Philosophical  Transactions  in  the  last 
centary  in  which  individuals  were  exposed  for  short 
periods  to  a  temperature  of  more  than  180  degrees 
without  being  in  the  slightest  degree  affected. 

1854.  We  have  also  had  it  in  evidence  this  morn- 
ing tJbat  work  has  been  carried  on  in  tropical  coun- 
tries under  a  temperature  of  126  degree  in  the  ahad^ 
but  the  air  has  been  dry.  It  seems  rather  difScnlt  to 
reconcile  that  fhot  with  ymr  views,  does  it  not  ? — ^No; 
I  have  not  stated  at  all  to  what  extent  compensation 
may  exist. 

1855.  Yon  said  that  yon  thought  that  labour  could 
not  be  carried  on  at  a  temperature  exceeding  100 
degrees  without  the  risk  of  the  probability  of  injury 
to  health  ? — I  should  think  that  that  would  be  the 
case  with  reference  to  most  men,  but  I  think  that 
men  might  be  found  who  could  work  above  that  tem- 
perature. 

1856.  Under  unfavourable  conditions  as  to  moisture? 
•—No.  Diffeient  individuals  stand  different  tem- 
pa*ature8,  and  I  should  expect  that  the  inhabitants  of 
not  dimates  will  stand  much  higher  temperatures. 

1857.  But  in  your  opinion  yon  would  encounter 
liabilitira  to  iiguiy  as  soon  as  you  exeeeded  the  tem- 
perature ai  the  human  body  ? — I  tliink  so.  I  think 
that  that  might  be  ascertained.  I  am  quite  certain  that 
the  whole  question  depends  upon  tha  point  at  which 
the  temperature  of  the  body  would  b^in  to  rise ;  I 
tiiink  that  that  may  be  considered  as  a  certain  test. 

1858.  And  it  turns  chiefly  upmi  evaporation  ? — ^It 
does. 

1859.  The  evaporation,  again,  turns  upon  moisture? 
— ^Yes  that  is  to  say,  upon  tho  condition  of  the  air  as 
to  moisture. 

1860.  So  that  it  is  important  that  yon  shonldascer- 
taixt  the  hygrometrio  state  of  the  mines  ? — Yes. 

1861.  {Mr.  Dickinson.) — Do  you  know  of  any 
experiments  which  have  been  made  as  to  the  endurance 
of  the  human  body  or  of  an  animal  under  an  increased 
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A  92  presaure  above  that  of  the  ordinary  pressure  of  the 
J  g  Sander'  atmosphere  ? — Tea ;  a  good  many  experiments  have 

son,  Esq.,      been  made. 
M.D.,F.R.S.      1862.  With  what  effect?— With  no  very  marked 

  effect.   You  have  definite  effects  as  to  the  condition 

15  Joly  1669.  (,f  ^\^Q  heart  and  as  to  respiration,  but  no  dangerous 
"'     effect  has  been  produced.   What  sort  of  pressures  do 
you  particularly  refer  to  ? 

1863.  I  will  suppose  that  the  pressure  of  the 
atmosphere  is  inci'eased  to  5  lbs.  to  the  square  inch 
above  the  ordinary  pressure,  or  any  number  of  lbs.  ?— 
Very  exact  experiments  have  lieen  made  with  40 
inches  of  mercnry,  without  any  serious  results.  There 
has  been  a  certain  unount  of  alteration  in  the  character 
of  the  pulse. 

1864.  Would  you  say  that  that  increased  pressure 
would  at  all  affect  the  extent  to  which  a  man  could 
stand  an  increased  temperature  ? — I  do  not  think  that 
an  increase  even  of  6  lbs.  to  the  square  inch  would 
affect  it  to  any  serious  extent.  I  should  not  expect 
any  effect  worth  naming,  because  I  have  myself  been 
into  pressures  of  38  inches,  or  something  like  that, 
without  experiencing  any  sensible  effect  at  all.  My 
impression  is  that  a  miner  would  not  be  conscious  of 
the  difference. 

1865.  You  think  that  increased  pressure  even  by 
artificial  means  would  not  in  any  way  affect  the 

rtwer  of  enduring  an  increased  temperature  ? — No, 
should  think  not ;  not  within  the  limits  of  which 
you  speak.  I  should  say  not,  within  the  limits  of 
five  inches  above  the  normal  amount.  Supposing  the 
pressure  on  the  gi-ound  to  be  30  inches,  and  in  the 
mine  to  be  35  inches,  I  do  not  think  that  any 
difficulty  would  be  experienced. 

1 866.  Do  you  know  of  any  experiments  which  have 
been  made  to  show  the  power  of  absorbing  carbonic 
acid  nuder  increased  pressure  ? — Has  air  in  a 
compressed  state  more  power  to  absorb  carbonic  acid 
than  air  in  an  uncompressed  state  ?— Yes ;  there  have 
been  experiments  of  that  kind. 

1867.  Do  you  know  the  result?— The  result  is 
an  increased  dlsdiarge  of  carbonic  acid  from 
lungs,  but  I  cannot  recollect  to  what  extent.* 

1868.  Looking  at  ihe  power  which  is  possessed  by 
the  human  body  for  a  time  of  enduring  these  high 
temperatures,  and  looking  at  these  peculiarities  in 
absorbing  carbonic  acid,  and  the  change  in  the 
properties  of  the  air,  is  it  not  possible  that  even 
higher  temperatures  may  be  endured  than  those 
which  you  have  spoken  of? — I  now  see  the  point. 
The  question  is,  what  would  be  the  efibct  of  the 
increased  pressures  which  actually  exist  in  a  collieiy, 
or  which  might  be  produced  by  artificial  means. 

1869.  Say  to  the  ext^t  of  an  increase  of  one  thinl 
of  the  atmospheric  pressure  ? — That  would  be  10 
inches  of  mercury.  Any  such  increased  pressure  as 
could  be  produced  by  a  fan  would  exercise  no 
perceptible  influence,  because  I  know  that  when  a 
fan  is  used  for  ventilation  the  increased  pressure 
which  you  derive  by  it  is  veiy  inconsiderable. 

1870.  {Chairman.)  In  what  way  would  increase  of 
pressure  operate  upon  perspiration  or  evaporation 
or  any  other  thing  which  would  have  any  counter- 
acting influence  on  the  human  body  ? — I  do  not  think 
Uiat  it  would  increase  evaporation. 


*  With  reference  to  the  effect  of  inereaied  dainty  of  air  on 
the  quuitity  of  carbonic  actd  discharged  in  respintion,  I  -wish 
to  observe,  further,  that  the  statemoiti  I  made  on  this  subject 
were  founded  on  the  experimenu  of  von  Vivenot  fZur  Kennt- 
niBS  der  physiologiechen  Wirkangen  &c,  der  verdichteten  Loft 
(On  the  physiological  action  of  condensed  air),  Erlangen  1868], 
and  of  Dr.  J.  Lange  [Ueber  comprimirte  Lnft,  Ac.  (On  com- 
pressed air  and  its  physiological  action),  Gottingen,  IS64.  Very 
recently,  a  new  research  has  been  published  hj  Br.  6.  von 
lAebig  [Ueber  das  Athmen  onter  e^Shtoi  Loftdnwk  (On 
respiration  nnder  increased  atmospheric  pt«ssore),  Zdtsch.  fOr 
Biologie,  V.  Bd.  p.  I.  1669],  Irom  -which  it  appears  conclnnrely 
that  the  antbora  above  quoted  have  oveivestiinated  the  effect  in 
question,  and  that  in  feet  the  a^itenct  of  increased  prenure  ox 
(Ae  dUcharge  of  carbonic  add  from  tie  Itmpi  m  remiratioii  » 
tosmaaattobeaUogeOerwmirthgttfcoiuidmtiieiu 
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1871.  What  could  it  do  ?— It  might  slightly  affect 
the  discharge  of  carbonic  acid,  for  it  would  give  an 
individual  a  larger  amount  of  oxygen  with  the  same 
amount  of  muscular  exertion  in  breathing.  This 
effect  would  only  be  in  proportion  to  the  con^nsatioa 
of  the  air. 

1872.  Would  it  not  increase  tbe  waste  in  die  same 
proportion? — Yes;  it  would  increase  the  activity  of 
the  whole  process. 

1878.  (Jfr.  JDickinton.)  TJie  increase  of  pressure 
takes  up  more  carbonic  acid  ? — Yes,  bat  ita  amount 
would  be  extremely  small,  simply  because  the  increase 
<^  pressure  would  be  extrem^y  smaU.  The  increase 
of  pressura  produced  by  a  fan  would  be  extremely 
small. 

1874.  (Chairmayi.)  You  have  mentioned  radiation 
as  one  of  the  active  agents  in  counteracting  the  effect 
of  heat  ? — Yes. 

1875.  In  the  case  of  a  man  working  in  a  coal  mtnc^ 
and  surrounded  by  strata  of  a  higher  heat  than  the 
temperature  of  his  own  body,  the  radiation  would  be 
inwards  instead  of  outwards  ? — Yes ;  and  therefore  I 
imagine  that  in  the  free  air  a  man  could  work  in  a 
higher  temperature  than  in  a  mine ;  bnt  tibat  is  not 
founded  i^n  observations. 

1 876.  Even  in  cases  where  a  mine  was  at  a  lower 
temperature  Uian  a  man's  body,  the  radiati<m  from  his 
body  would  be  exceedingly  small  irom  bis  being  sur- 
rounded by  the  surfaces  which  would  be  there?— 
Yes  ;  that  is  purely  a  physical  questum. 

1877.  So  that  you  could  not  look  at  the  radiation 
as  having  a  cooling  effect  ?— No  ;  but  you  could  look 
at  radiation  as  a  reason  why  a  man  could  not  bear  so 
high  a  temperature  in  a  mine  exposed  to  surfaces 
hotter  than  his  own  body  as  out  of  a  mine.* 

1878.  The  opinion  has  been  expressed  this  moiniDg 
that  ur  in  motion  would  afford  relief  to  the  system, 
even  though  saturated  with  moisture,  and  at  a  heat 
above  that  of  the  human  body ;  do  yoa  agree  in  thai 
opinion  ?  Do  you  think  that  the  movement  of  that 
air  against  the  body  would  be  favourable  or  unfavour- 
able to  the  endurance  of  labour  ? — It  would  no  doubt 
be  unfavoniable^  because  the  heating  agent  would 
be  freqneutly  renewed,  and  consequently  the  communis 
cation  of  heat  would  be  greater  in  a  given  time. 

1879.  If  the  temperature  of  the  air  exceeded  that  of 
the  body,  and  if  it  were  loaded  with  moisture,  you 
would  have  a  condensation  upon  the  body  instead  of 
an  absorption,  would  you  not  ? — Yes ;  because  the 
body  would  be  surrounded  by  a  stratum  of  air  some* 
what  lower  in  temperature  than  the  surrounding  air, 
and  consequently  there  would  be  a  condensation ;  that 
is,  supposing  the  air  to  be  saturated. 

1880.  {Mr.  Vivian.)  You  have  stated  your  opinion 
a%  to  the  effect  of  compressed  air  in  a  mine ; 
what  would  be  the  probable  effbct  of  air  nnder 
exhaustion  in  a  mine  I  may  oobwot  that  questioa 
very  much  in  the  same  way  as  befim ;  that  if  the 
exhau8ti<m  were  very  slight  tiie  effect  would  be  very 
slight 

1881.  So  that  by  lowering  the  pressure  in  a  mine 
to  that  which  exists  at  the  top  of  an  Alpine  height 
you  would  increase  the  cooling  effect  ? — I  think  that 
the  only  effect  would  be  to  dkninish  the  capaci^  of 
an  individual  for  work. 

1882.  To  what  is  the  decrease  of  temperature  upon 
high  mountains  due  ? — It  is  principally  due  to  radia- 
tion, and  t-o  the  diminished  proportion  of  aqueous 
vapour  in  the  air,  whereby  heat  raya  pass  through  it 
without  being  absorbed. 

1883.  I  do  not  quite  understand  what  "radiation  " 
means  ? — Giving  offbeat  from  the  surface.  The  loss 
of  temperature  at  the  surface  is  the  cause  of  the 
diminished  temperature  in  high  mountains. 

1884.  Hie  loss  of  temperature  by  radiation  fitnn 
the  earth  ? — ^Yes;  from  the  snr&ce. 

1885.  In  a  balloon,  where  there  is  no  earth,  what  is 
Hie  cause  of  the  diminution  of  temperature  at  high 
altitudes? — The  distance  from  the  source  of  heat 
principally. 

1886.  You  are  nearer  the  son;  the  sun  is  the 


Digitized  by 


ON  POSSIBLE  BEFTHS  IN  WOBEINa. 


173 


source  of  heat  ? — Yes,  but  70a  are  further  from  the 
heated  surface  of  the  earth. 

1887.  When  joa  condense  two  cubic  feet  of  a!r 
into  one  cubic  foot^  you  produce  heat,  do  yon  not  ?■— 
Yes«  certainly. 

1888.  And  when  you  cause  one  cubic  foot  to  occupy 
the  space  of  two  cubic  feet  you  produce  cold  ? — Yes; 
but  that  only  continues  during  the  process. 

1889.  Are  the  two  cubic  feet  of  nir  representing 
the  original  one  cubic  foot  capable  of  absorbfug  the 
same  amount  of  beat  as  two  cubic  feet  of  the  ordinary 
pressure  of  the  air  are  capable  of  absorbing  ? — I  do 
not  quite  understand  tlie  question. 

1890.  I  imagine  that  I  have  a  vessel  capable  of 
containing  one  cubic  foot  of  air ;  I  have  anoth(»- 
Teasel  with  a  cubic  foot  of  contents.  I  attach  those 
two  Teasels  together,  and  allow  the  one  cubic  foot  of 
air  to  occnpy  Uio  space  of  the  two  vessels,  and  X  then 
leave  the  air  at  half  the  original  density  ? — Yes. 

1891.  Undoubtedly  a  cooling  effect  is  produced  by 
that  process  ? — Tea. 

1892.  Does  that  cooling  eflTect  continue,  or  do  the 
two  cubic  feet  of  less  density  absorb  the  same  amount 
of  heat  as  the  one  cubic  foot  originally  contained  ? — 
Tho  effect  docs  not  continue ;  it  only  exists  nt  the 
time. 

1893.  Then  you  do  not  im^ine  that  the  mere 
rarity  of  the  atmosphere  produces  any  cooliog  effect 
in  Mgh  altitudes  ? — No,  certainly  not ;  except  in  so 
far  as  it  affects  radiation. 

1893a.  As  regards  the  possibility  of  the  resistance  of 
the  human  body  to  high  temperatures,  can  you  all 
explain  how  it  is  that  the  human  body  is  capable  of 
sustaining  the  high  temperatures  which  wo  have  in 
evidence,  men  being  at  the  same  time  capable  of 
exerting  a  considerable  amount  of  labour  7 — ^I  have 
endeaToured  to  explain  that  on  two  grounds.  The 
first  is,  that  there  is  an  intermittent  lowering  of  tho 
high  temperature ;  and  the  second  gi-ound  is,  that  in 
certain  persons  there  is  a  very  great  difference  in  the 
compensating  power.  The  compensnting  power  is 
more  perfect  in  some  individuals  than  in  others. 

1894.  So  that  you  conceive  it  to  be  possible  that 
a  man  may  sustain  a  very  high  temperature,  and  may 
labour  for  a  certain  period  in  that  temperature,  and 
that  then,  if  it  were  possible  to  take  him  into  n  low 
temperatture  for  a  certain  time,  he  would  be  able  to 
pursue  his  labour  in  the  high  temperature  ? — I  caunot 
say  that  there  are  no  limits  to  endurance  with  regard 
to  the  performance  of  labour,  even  if  that  inler- 
mtsaion  were  introduced,  but  I  am  quite  certain  that 
there  would  be  a  great  difi^nce  between  intermediate 
labour  in  high  temperatures  and  constant  labour  lu 
high  temperatures. 

1895.  In  the  case  of  stoke  holes,  where  the  initial 
tempOTature  of  the  air  in  the  shade  is,  say,  100  or  120 
degrees,  and  where  it  is  raised  in  the  stoke  hole,  and 
whereyouhave  no  intermission  and  nospecial  adaptation, 
because  the  ordinary  class  of  stokers  are  taken,  and 
are  placed  under  those  conditions,  and  where  the  air 
is  high  and  dry,  as  in  tropical  regions,  although  it  is 
apparently  contrary  to  the  laws  of  the  physiology  of 
the  human  frame,  how  can  the  fact  that  men  under 
those  conditions  can  labour  be  explained  ? — If  it  is  a 
fact  that  is  sufficient,  for  it  is  only  upon  facts  tltat 
any  conclusion  can  be  come  to  on  the  subject.  If  it 
could  be  asc^taincd  that  men  under  given  circum- 
stances can  work  at  a  temperature  of  120  degrees,  of 
course  it  would  be  a  fact,  and  a  more  definite  one 
than  any  that  now  exists  in  science  upon  this  question.* 
No  experiments  have  been  made  upon  men  similar  to 
those  which  have  been  made  upon  animals,  for  the 

*  Since  X  gav«  tlus  evidence  I  have  been  infomed  that  in  a 
mine  in  Ckimwall  men  irork  vithout  serioos  injury  is  nearly 
saturated  ur  at  k  temperature  of  120°  Fabr.  K,  after  iavestiga- 
tioa,  due  £wt  is  fiMind  to  be  troe,  its  valoe  as  re^rds  the  ques- 
tkm  It  issne  is  immeasnrably  greater  than  that  <tf  inferences  de- 
rived from  CQcperlmenti  on  aaunals, 
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purpose  of  ascertauiiDg  the  temperature  at  which  time 
lalwur  becomes  impossible. 

1896.  The  experiments  which  have  been  made 
upon  animals  seem  to  have  been  made  upon  animals 
which  do  not  perspire  through  the  skin  ? — Yes.  I 
see  that.  It  must  be  borne  in  mind  that  the  bearing 
of  the  experiments  upon  the  question  is  indirect.  Of 
courBe,  if  information  ia  wanted  on  a  question  of  that 
sort  (1  mean  as  regards  stokers),  the  obaervaUons 
ought  to  be  very  exact,  aud  the  temperature  should 
be  taken  with  very  great  care. 

1897.  {Chairman.)  Do  yon  consider  that  the 
examples  which  have  been  given  of  the  high  tempera- 
tures sustained  in  stoke  holes  clash  with  the  views 

^  which  you  have  expressed  to  us  as  to  the  temperatoiti 
which  men  could  endure  consistently  with  tho 
preservation  of  their  health  ? — Ko,  I  think  not. 

1898.  Do  yon  think  that  it  would  be  at  all  safe  in 
us  to  draw  our  conclusions  as  to  the  temperature  which 
men  could  endure  in  a  mine  from  the  temperatures 
which  they  could  endure  in  stoke  holes  ? — Certainly 
not,  with  the  present  amount  of  exactitude  in  observar 
tion.  As  has  been  already  stated,  the  tempera- 
tures observed  in  stoke  holes  are  temperatures 
observed  without  referenee  to  radiation  at  all,  and  we 
know  that  the  cases  of  stoke  holes  are  coses  where 
the  radiation  temperature  would  be  considerably 
Iiigher  than  the  actual  temperature  of  the  air,  that  is, 
that  stoke  holes  are  ventilated  by  mr  at  a  lower 
temperature  than  the  actual  temperature  indicated 
by  the  thermometer  in  the  stoke  hole,  so  that  in  point 
of  fact  the  conditions  have  not  been  ascertained. 

1899.  Jt  has  been  stated  by  botli  the  sciantifio 
witnesses  who  have  preceded  you,  that  they  consider 
that  100  degrees  would  be  as  high  a  temperature  as  it 
would  be  safe  to  assume  as  compatible  with  labour  in 
mining  operations.  Do  you  assent  to  that  or  not  P — 
Yes,  I  assent  to  it.  That  is  precisely  the  conclusion 
which  I  arrived  at  before  I  came  here,  and  it  seems 
to  follow  from  a  consideration  of  all  the  facts  which 
exist  upon  the  subject. 

1900.  (Mr,  Vivian.)  Under  what  conditions  would 
that  100  degrees  be  with  regard  to  tlie  hygrometrictd 
condition  of  the  air,  and  the  possibility  of  a  man 
entering  a  lower  temperature  after  a  certain  number 
of  hours  work  ? — I  give  my  answer  roughly,  and, 
bearing  in  mtnd  the  actual  conditions  in  coal  mines, 
so  far  as  I  know  them,  I  am  assuming  that  in  a  coal 
mine  the  amount  of  humidity  is  probably  much 
greater  than  in  the  open  air. 

1901.  That  would  be  in  air  either  saturated  or 
nearly  saturated  with  moisture '/ — Yes  ;  I  suppose 
that  it  is  never  perfectly  saturated  under  any 
circumstances. 

1902.  For  what  length  of  time  can  a  man  bear 
that  temperature  ? — That  is  a  very  difficult  thing  to 
judge  of.  I  think  that  it  would  depend  upon  the 
hardness  of  the  work  more  than  imything  else,  and  I 
know  that  the  hardness  of  the  woi'k  vaiies  very  much 
according  to  the  kind  of  work  which  is  being  done 
at  the  time,  and  the  peculiarities  of  the  coal,  and  a 
variety  of  things  of  that  sort  which  it  is  difficult  to 
judge  of ;  but  1  suppose  that  wo  may  sny  that  co^ 
work  is  always  very  hard  work. 

1903.  Do  yon  imagine  that  a  man  could  bear  it  for 
four  hours  in  succession  ? — I  should  think  s<^  but  I 
think  that  he  could  do  less  work  at  that  temperaturo 
than  at  a  less  temperature. 

1904.  Do  you  imagine  that  a  man  could  stand  a 
temperaturo  of  100  degrees  nearly  at  the  point  of 
saturation  for  four  hours? — I  have  answered  that 
question  before.  If  tho  air  at  that  temperature 
approached  the  point  of  saturation  it  would  in  my 
judgment  be  perfectly  impossible  to  stand  the  work. 

1905.  In  a  dry  atmosphere,  how  long  do  you  think 
that  a  man  could  work  at  1 1 0  degress  ? — That  is  a  very 
difficult  question  to  answer.  Some  men  would  work 
more,  and  some  men  would  work  less ;  there  would 
be  a  very  great  difference  in  different  individuals. 


A  93 

J.  B.  Sander- 

«m,  Etq., 
M.D.,  F.B.S. 

15  Joly  lS6t. 


The  witness  withdrew 
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J.  L.  W.  JoHK  Louis  William  Thudichtjm,  Esq.,  M.D., 

Htudicikwm, 

Etq.,M,D.       1906.  {Chairman,)  Have  you  bad  oxpenen<»  of 
—       very  high  temperatures  in  tropical  climat«8,  or  else- 

15  July  1869.  where  of  artificial  temperatures? — have  not  had 
"  any  esperience  of  high  temperatures  in  tropical 
countries,  but  I  have  had  much  experience  of  the 
effects  of  high  artiflcal  temperatnree  upon  the  human 
body,  and  I  have  made  a  great  many  experiments 
upon  that  subject. 

1907.  In  connexion  with  baths  ?— Mainly  in  con- 
nexion with  the  Turkish  batii.  I  have  made  them 
in  four  different  localitieB,  in  Mr.  Urquhart's  bath  at 
Kckmansirorth,  in  Mr.  RoUand'a  bath  in  Victoria 
Street,  in  my  own  private  bath,  and  in  the  baths  in 
Jermyn  Street,  the  so-called  Hammam,  belonging  to 
the  Turkish  Both  Company. 

1906.  Yon  naderstand  the  point  we  are  endea- 
vouring to  arrive  at,  which  is  what  we  may  assign  as 
the  highest  temperature  which  is  compatible  vrith 
human  labour  under  the  circumstances  of  a  moist 
atmosphere,  at  all  events,  if  not  a  saturated  one,  and 
we  should  be  glad  of  any  observations  from  you  that 
would  bear  upon  that  question  ? — One  can  easily  fix 
the  hmit  of  saturated  air  in  which  a  man  can  live ; 
it  is  of  course  the  temperature  of  the  human  body ; 
for  a  roan  who  could  not  lose  the  heat  which  he 
produces  within  him  by  evaporation  from  his  skin, 
would  of  course  collect  that  heat  within  his  body, 
and  then  he  would  die  when  the  temperature  had 
reached  a  certain  height.  The  extreme  limit  may  be 
taken  as  1 12°.  If  a  man's  body  be  heated  up  to  1 12° 
he  will  certainly  die. 

1909.  Why  do  you  say  112**  ?— That  is  the  upper 
limit  of  fever  heat  which  has  ever  been  observed  in 
any  person,  and  is  absoliitely  fatal. 

1910.  Where  does  fever  heat  begin? — Fever  heat 
begins  immediately  above  100".  Any  temperature 
between  100%  which  is  the  higher  limit  of  the  fluctua- 
tion in  healUi,  and  112°  by  Fahrenheit's  thermometer, 
is  fever  heat. 

1911.  What  do  you  consider  the  normal  tempera- 
ture of  the  blood  ? — The  normal  temperature  of  the 
blood  in  all  climates  and  ages  has  been  found  to  be 
98"  Fahrenheit  or  37  centigrade. 

1912.  Does  anything  in  excess  of  that  constitute 
fever  heat  ? — Two  degrees  below  and  two  degrees 
above  are  vrithiu  the  limits  of  natural  fluctuation,  but 
ererytbing  above  100**  is  unnatural  heat,  and  is 
morbid. 

1913.  Then  supposing  a  man  to  be  living  in  an 
atmosphere  heated  above  that,  what  are  the  counter- 
acting causes  to  prevent  his  acquiring  the  heat  of  the 
surrounding  medium  ? — They  are  of  two  kinds  ;  the 
one  is  radiation,  and  the  other  is  evaporation  of  the 
water  that  escapes  from  his  body.  There  are  no 
others  known  at  present. 

1914.  First  as  to  evaporation,  evaporation  is  depen- 
dent upon  the  dryness  of  the  atmosphere  ? — It  stands 
in  direct  proportion  to  the  dryness  and  the  heat  of  the 
atmosphere  ;  these  are  the  two  factors  determinlng'the 
evaporation  at  any  time. 

1915.  But  if  yon  consider  dryn^  as  capacity  Ibr 
moisture  you  may  eliminate  the  question  of  tempa^. 
ture  ? — Of  course  you  may,  it  being  imderstood  that 
temperature  merely  increases  or  diminishes  the  capa- 
city for  moisture. 

1916.  Then  if  the  atmosphere  be  in  a  condition 
incapable  of  producing  evaporaUon  you  have  nothing 
then  to  depend  upon  for  counteracting  heat  except 
radiation  ? — Nothing  except  radiation,  and  that  is  so 
small  that  it  would  not  suffice  for  any  great  length 
of  time  to  keep  the  temperature  of  the  body  horn 
rising. 

1917.  Then  practically  if  you  had  no  evaporation 
you  could  cot  exist  in  a  temperature  exceeding  100°  ? 
— ^No  doubt  a  man  could  not  exist  under  such  condi- 
tions even  when  at  rest,  much  less  could  he  work. 

1918.  Then  the  ^ole  questicm  of  his  being  able  to 
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exist  in  a  high  temperature  or  not  depends  upon  Ihe 
evaporation  frnn  his  skm  and  from  his  lungs? — 
Undoubtedly. 

1919.  We  will  begin  with  the  case  of  dry  air  under 
the  most  favourable. conditions  for  evaporation ;  what 
do  you  consider  may  be  taken  as  the  probable  limit  of 
the  temperature  that  a  man  could  bear  ? — In  consider- 
ing the  question  of  the  probable  limit  of  the  tempera- 
ture which  a  man  could  bear,  provided  the  air  was 
dry,  it  is  necessary  also  to  include  the  consideratitm  of 
the  length  of  time  for  which  he  has  to  stand  it. 

1920.  For  the  time  of  the  ordiuary  hours  of  labour  ? 
— I  think  that  the  limit  of  temperature  which  a  man 
conld  stand  while  employed  in  mechanical  labour 
during  the  ordinary  hours  of  labour  would  be  lOCf . 

1921.  In  diy  air  ?— Yes. 

1922.  What  do  you  consider  to  be  the  limit  hi  moist 
fur? — ^He  probably  could  not  stand  more  than  90°  in 
moist  air. 

1923.  What  experiments  or  observations  are  these 
conclusions  based  on  ? — I  have  myself  spent  a  great 
number  of  hours  in  succession  in  temperatures  vary<. 
ing  from  100"  to  140^,  and  I  have  measured  during 
the  whole  of  that  time  the  temperature  of  my  body, 
and  I  found  that  without  working  at  all,  merely 
reposing  in  a  temperature  which  was  accurately  kept 
at  100",  I  could  live  during  12  hours  without  accelerat- 
ing the  pulsation  of  my  heart,  but  when  I  began  to 
work  to  a  slight  degree,  to  brush  up  the  floor,  or  carry 
weights  to  and  fro,  or  lift  th^  and  take  them  down, 
or  exercise  with  Indian  clubs,  the  pulsations  of  my 
heart  became  so  rapid  thatlhadtodenst ;  that  was  in 
air  containing  as  much  mmsture  as  the  ordinary  atmo* 
spheric  neither  more  nor  less,  and  vwying  with  it. 
But  when  I  raised  the  tempCTatare  to  140*  the  tem- 
perature of  my  body  after  eight  hours  rose  by  4°  in  my 
cavities,  and  the  ordinary  conditions  of  fever  set  in, 
that  is  to  say,  perfect  and  complete  prostration  of 
my  muscular  powers,  raising  of  the  pulse  to  150  beats 
per  minute,  drumming  in  the  ears,  dilatation  of  the 
pupils,  and  a  sense  of  unhappiness,  such  as  one  cannot 
describe ;  in  fact,  a  sense  of  the  highest  d^ree  of 
fever  ;  and  it  was  evident  that  if  this  state  was  not 
terminated  it  would  end  in  thermogenetic  aneestiiesia. 
This  is  a  kind  of  insensibility  in  which  the  pnlsaticm 
of  the  heart  is  just  continued,  and  which,  if  the 
cause  be  not  removed,  ends  in  death.  It  is  what  is 
commonly  called  a  **  heat  stroka"  Fr(»n  my  experi- 
ments I  therefore  conclude  that  in  a  temperature  ot  140" 
no  work  idiatever  cotdd  be  carried  on ;  that  a  very 
small  amount  for  short  periods  might  be  carried  on  at 
lower  temperatures,  such  as  130"  to  120"  and  that 
labour  at  the  ordinary  rates  and  during  ordinuy 
times,  is  limited  to  temperatures  below  and  not  ex- 
ceeding 100".  Since  I  have  been  requested  to  come 
here  I  have  been  thinking  it  would  be  well  to  make 
experiments  upon  the  subject  in  some  such  way  as 
this  :  In  a  Turkish  bath,Vkich  admits  of  being  heated 
to  definite  degrees  and  of  the  introducUon  of  a  certain 
necessary  amount  of  atmosphere  heated  to  the  point 
which  may  be  required,  there  should  be  placed  a  man 
well  accustomed  to  mining  labour,  and  Ite  should  per- 
form the  amonnt  of  physical  labour  which  we  take  as 
the  average  of  a  man's  labour  in  a  day.  He  should,  by 
winding  up  a  pulley,  lift  a  certain  weight  during  a 
given  time,  distributing  his  work  over  the  time  in  a 
certain  proportion.  By  that  means  you  could  easily 
determine  what  amount  of  labour  a  man  could  perform 
at  any  given  degree  of  heat,  in  an  atmosphere  contain- 
ing any  given  amount  of  moisture,  and  under  any 'con- 
ditions of  feeding  and  ventilation.  All  tlie  machinery 
which  would  be  required  would  be  a  tree  or  mast  oat- 
side  the  bath,  two  pulleys,  one  at  the  bottom  and  one 
at  the  top  of  the  mast,  and  a  windlass  inside  the 
bath.  The  experimental  man  would  simply  turn  a 
crank,  wind  up  a  rope,  and  lift  up  a  weight ;  dien  he 
would  let  down  that  weight  again.  He  would  perfmn 
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that  operation  a  given  number  of  times  in  a  given 
number  of  hours,  and  durii^  that  time  you  would 
obserre  the  temperature  of  his  body  in  the  cavities 
and  on  the  skin,  number  of  respirations  and  pulsa- 
tions, loss  of  body  weight,  &c. ;  and  by  repeating  the 
exercise  yon  would  find  out  whether  he  was  capable 
of  performing  that  work  for  any  length  of  time  through- 
out the  year.  I  think  that  would  be  tiie  best  way  of 
arriving  at  definite  concIuBiona  on  the  subject. 

1924.  {Mr.  JHckinton.)  But  you  would  have  to 
vary  the  ^bour,  because 'a  collier  is  not  always  wind- 
ing up  a  rope  or  lifting  a  weight ;  he  may  do  bo  at 
times  ;  but  at  other  times  he  may  be  working  with  a 
pick,  or  he  may  be  taking  down  the  coal  and  filling 
it  into  a  truck,  performing  almost  every  operation  and 
calling  different  muscles  into  play  at  different  times  ? 
— No  doubt ;  but  I  have  proposed  what  is  accepted 
as  the  general  test  for  or  measure  of  labour,  namely, 
the  lifting  of  so  many  pounds  tiirough  so  muiy  feet  in 
80  hmg  a  time.  To  this  standard  all  kinds  of  labour 
are  i-^rable.  A  man  with  a  pick  must  perform  a 
certain  amount  of  labour  which  must  equal  so  much 
weight  lifted,  or  else  yon  w^uld  not  keep  hhn  long. 
You  would  soon  find  it  out  if  he  did  not  do  as  mn^ 
work  as  he  ought ;  the  accounts  of  the  mine  would 
show  yon  that  the  proper  quantity  of  work,  measured 
by  the  standard  of  weight  lifted,  was  not  performed. 

1925.  {Chairman.)  We  are  much  obliged  to  you 
for  that  suggestion.  It  will  be  a  matter  for  us  to 
consider  whether  it  is  practicable  or  desirable  to  carry 
it  out.  In  the  meantime  we  should  like  to  obtain 
from  you  all  the  information  you  can  give  us.  I 
should  tell  you,  with  reference  to  your  remark  that 
yon  should  consider  100°  to  be  the  limit  of  tempei-a- 
ture  in  dry  air  at  which  a  man  can  work  for  any 
length  of  time  consistently  with  the  preservation  of 
health,  that  we  have  had  it  in  evidence  that  the  fire- 
men  in  the  aloke  bolea  of  steam  ships  work  without 
any  injury  to  their  health  in  temperatures  rising  in 
extreme  oases  np  to  170^,  and  ordinarily  at  tranpera- 
tnres  of  about  120^.  But  I  mnst  also  tell  you  that  I 
have  myaelf  aacertained  that  these  temperatures  are 
not  air  temperatures ;  that  th^  are  the  radiant  heat 
from  the  heated  surfaces  round  about,  because  I  have 
myself  tried  an  experiment  by  which  I  found  that  a 
thennometer  exposed  to  the  radiant  heat  will  stand 
at  the  full  temperature  representing  that  radiant  heat, 
while  one  in  the  Immediate  vicinity,  which  is  com- 
pletely protected  from  the  radiant  heat,  shows  a 
widely  different  temperature,  30^  or  40°  different. 
But  in  places  where  we  have  an  indicated  thermo- 
metrical  temperature  of  170°  we  have  it  in  evidence 
that  the  labour  of  stoking  can  be  carried  on  ? — That 
IB  a  temperature  which  rqvreaents  radiating  heat. 

1926.  Tes,  we  have  no  means  of  judging  what  the 
actual  temperature  in  these  circumstances  was? — 
B^caetiy  so.  In  tiie  stoke-hole  there  is,  in  the  first 
instanoe,  an  enormons  draught  j  and,  in  the  second 
instance^  the  men  are  running  up  stairs  at  every  mo* 
meot  of  spare  time  and  gasping  for  air.  And  then 
the  temperature  of  170°  is  the  temperature  of  radia- 
tion, and  not  of  the  heat  conducted  by  the  au*.  I  am 
quite  convinced  that  no  man  could  be  a  stoker  in  an 
air  temperature  of  170°  without  becoming  very  ill. 

1927.  Will  the  air  be  dry  or  moist  ? — I  should  say 
so,  even  allowing  it  to  be  irj.  It  is  very  much  more 
out  of  the  qnestion  if  it  is  moist. 

1928.  In  the  Turkish  baths  do  not  the  attendants 
work  in  a  temperature  of  120**  ? — ^Yes,  but  the  men 
go  to  a  cool  place  at  frequent  intorals,  and  sometimes 
throw  water  over  tiumsclves.  In  that  way  they  can, 
no  doubt,  stand  that  temperature  for  short  periods 
very  wdL 

1929.  'J^  avidenoe  which  we  have  had  from  the 
TniUah  batba  is  that  ^  attendants  ordinarily  work 
for  20  minntes  at  a  tim^  and  for  «ight  honra  in  &e 
day,  in  a  temperature  of  120°  of  dry  air ;  is  that  alto- 
gether reconcilable  with  what  yon  tell  ns,  namely, 
that  &  man  cannot  work  in  a  temperature  exceeding' 
10(^  of  dry  air  withoat  an  injurions  effect  ? — ^No 
doobt  of  it>  beoMse  my  aasumption  is  that  during  Ae 


eight  hours  he  most  be  in  the  same  tmnperatore.   li      ^  95 
you  do  not  produce  a  relief  and  an  interruption  a  very 
complicated  state  of  things  arises.   In  the  case  fsi  the  7%ih&Amb, 
Turkish  baths  a  man  works  for  8  or  10  hours  a  day,  Eaq.t 
but  of  these  hours  he  spends  only  the  smaller  half 
in  a  temperature  of  120^    For  after  aveiy  case  of  "  Jn^JM*. 
shampooing  he  has  a  chance  ci  going  into  a  oofder  ' 
atmosphere,  namely,  the  washing  room,  and  after  that 
into  a  third  still  co^er  atmosphere,  namely,  his  wait- 
ing room,  and  he  has  the  power  of  pouring  cold  water 
over  his  body,  wfaidi  he  frequ^tly  does.    Of  course, 
in  a  mine  with  a  temperature  of  120°,  if  all  those 
steps  were  adopted  in  the  same  manner  as  they  are 
adopted  in  the  Turkish  baths,  no  doubt  a  miner  could 
work  for  eight  hours  in  a  mine  with  the  same  satis- 
factory result  as  a  man  works  for  right  hours  in  a 
Turkish  bath. 

1930.  But  it  would  involve  dry  air  ? — Yes.  I  have 
myself  been  in  a  mine  1,200  feet  deep,  the  newly  dis- 
covered salt  of  potassium  mine  at  Stassfurt  in  Prussia ; 
and  I  do  not  think  that  a  man  could  work  in  hts  clothes 
in  this  mine ;  he  must  work,  as  all  the  miners  there 
do,  almost  naked. 

1931.  As  to  the  cooling  efl^t  of  evaporation,  do 
yon  tiiink  that  with  a  very  free  perapiiation  and  a  very 
nree  evaporation,  due  to  Uie  presence  of  a  very  dry  air, 
a  man  could  not  work  in  a  temperature  exceeding  100° 
without  injury  to  his  health  ?— I  doubt  it  very  mnch. 

1932.  Even  under  the  mxxt  fevouiaUe  conditions? 
— ^I  doubt  it  very  much. 

1983.  If  the  conditions  were  unfavourable,  and  if 
the  air  was  very  moist,  and  consequently  producing 
little  or  no  evaporation,  you  would  be  perfectly  satis- 
fied that  a  man  could  not  work  in  a  temperature  ex- 
ceeding 100°  ? — ^I  do  not  think  that  he  could. 

1934.  Will  you  state  your  reason  for  that  opinion  ? 
Do  you  consider  that  the  fluids  of  his  body  would 
acquire  an  abnormally  high  temperature  ?— Yes,  he 
would  get  into  a  state  of  fbvw,  fh>m  the  ^taX  efi^cts  of 
which  nothing  except  removal  to  a  colder  atmosphere 
would  be  able  to  save  him. 

1985.  {Mr.  Dickinaon.)  Have  you  had  the  means 
oS  observing  Aether  pawns  who  are  accustomed  to 
work  in  a  Turkish  bath  stand  the  work  better  than  a 
person  who  comes  to  it  at  first  ? — Undoubtedly  ;  the 
body  adjusts  itself  by  habituation  to  a  certain  amount 
of  heat  as  well  as  of  pressure  which  may  be  brought 
to  bear  upon  it. 

1936.  A  person  not  accustomed  to  work  in  a  high 
temperature  gives  off  much  more  perspiration  than 
a  person  who  is  accustomed  to  it  ?— Yea  j  a  pei'son 
accustomed  to  heat  would  probably  have  a  lesser  sensi- 
tiveness of  his  nervee  and  other  means  of  compensa- 
tion. 

1937.  Are  you  aware  that  in  mines  much  deeper 
than  the  400  yards  of  which  you  have  spoken  the 
woikmen  work  without  any  inconvenience? — I  am 
not  aware  of  that. 

1938.  Such  U  the  fact  in  tiiis  cotintiy,  that  with 
good  ventilation  there  is  no  difficult  whatever  in 
working  at  such  depths  ? — The  depth  alone  would  not 
determine  the  qnestion,  but  the  heat,  I  think,  would. 

1939.  Perhaps  there  was  imperfect  ventilation  in 
the  mine  at  Stassfurt? — Not  the  least;  but  work  there 
has  to  be  performed  almost  naked. 

1940.  How  many  shafts  are  there  there  ? — ^Three. 

1941.  Did  you  observe  the  current  of  air? — Yes. 
The  mine  belong  to  the  Prussiui  government,  and 
is  a  pattern  mine  in  eveiy  respect. 

'  1942,  {Mr.  Geddes.}— -How  many  hours  a  day  do 
they  work  in  that  mine  ?— -I  am  not  aware,  because 
the  work  there  is  done  by  job,  and  so,  of  course,  a 
man  would  work  according  to  his  conv^ience  and 
his  power.  The  mine  is  very  dry  indeed,  owing  to 
the  particular  quality  of  the  potassium  salts  to  absorb 
the  water. 

1943.  {Mr.  Vivian.)  I  think  -tiiat  yon  said  that  yon 
had  had  no  practical  experience  of  working  at  high 
temperatures  ;  you  have  never  been  in  the  tropica  ? —  * 
I-have  never  been  there. 

1914.  And  yoo  bare  nererhad  tiie  msuigemeBt  of ' 
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A  QA  men  -who  hare  been  accustomed  to  work  in  high 
j^W.  temperatures,  roch  aa  atokera  or  furnace  men,  or  men 
Tim^eumt     of  that  clasB  ? — Never, 

Baq»M.D,       1945,  So  that  the  evidence  which  you  have  given 
—        to  the  Committee  ia  in  the  main  based  upon  your 
15  July  1689.  knowledge  of  the  science  of  the  human  body  ?— Yes  ; 
'        and  upon  special  experiments  upon  my  own  body 
and  those  of  others.    In  these  experiments  the  dis- 
turbing influences  which  would  diminish  the  valuo  of 
mere  hapUazai'd  observations  under  such  circomstances 
08  you  iiave  mentioned  arc  eliminated. 

1946.  What  is  the  highest  temperature  of  the 
hottest  room  of  a  Turkisli  bath?— In  some  parts 

it  you  have  a  temperature  of  230°,  and  a  man 
may  stand  tliat  for  a  short  time  ;  ho  may  sit  in  a 
cnirent  which  lises  to  230°. 

1947.  For  how  long  ? — ^For  perhaps  less  than  three 
minutes ;  but  when  ho  exposes  his  uiuls  to  that  tem- 
perature they  wiU  be  scalded ;  he  must  hide  them  in 
cotton  or  in  his  hand. 

1948.  In  the  Turkish  baths  do  they  do  that  prac- 
tically ? — No  ;  such  high  temperatures  are  only  found 
in  certain  places,  where  the  heat  comes  off  fvom  the 
stove.  No  person  from  choice  would  sit  in  that  tem- 
perature ;  ho  could  not  stand  it  long, 

1949.  They  do  not  sit  in  a  temperature  of  230' 
for  a  considerable  time  ? — No,  the  highest  practical 
air  temperature  of  a  Tin-kiah  batli  is  170^  or  175°, 
and  that  a  man  cannot  stand  beyond  a  few  minutes. 

1950.  A  witness  the  other  day,  from  the  Turkish 
bath  in  Jermyn  Street,  spoke  of  a  gendenian  remaining 
frar  ten  minutes.  I  myself  saw  a  gentleman  remaining 
there  fat  ten  minutes,  and  when  he  came  out  he  told 
me  that  the  tempwature  was  210°  ? — do  not 
think  that  any  i-oom  in  Jermyn  Street  is  actually 
heated  to  move  than  175°  of  air  temperature.  But 
the  radiating  temperature  might  be  much  higher, 
and  produce  a  fallacious  indication  on  the  thermometer. 
It  would  strike  the  skin,  and  there  it  would  stop.  I 
think  that  before  the  radiating  heat  could  heat  a 
man's  body  to  any  considerable  degree  he  would  have 
so  much  pain  that  he  would  mn  away.  One  of  the 
experiments  made  at  the  Hamman  consisted  in  the 
construction  of  an  enormous  stove,  and  tho  bathers 
went  and  sat  in  that  radiated  heat.  I  have  done  so, 
and  have  come  out  scalded. 

1951.  Do  you  know  Mr.  Henry  William  Ilunt,  of 
7^  Jermyn  Street? — He  is  the  secretary  of  the 
company. 

1952.  He  says,  "  The  bather  enters  a  temperature 
"  of  about  12D^.  Hiere  are  hotter  rooms,  the 
'*  highest  temperature  being  on  an  average  200"." 
And  he  subsequently  says,  "  Many  of  them  (that 
**  is  bathers)  go  into  200  degrees.  Habitual  bauiers, 
"  as  a  rul^  go  into  the  hottest  room  first,  and  then 
"  come' out  to  a  lower  temperattu^,"  Do  you  agree 
with  Mr,  Hunt  in  those  statements? — There  is  a 
fourth  room,  provided  with  heated  iron  plates,  from 
which  heat  is  radiated. 

1953.  That  is  the  room  to  whicli  I  alluded,  and  in 
which  I  myself  saw  a  gentleman  remain  for  at  least 
ten  minntes,  and  on  coming  out  he  told  mo  that 
the  temperature  was  210*  whicli  accords  with 
what  Mr.  Hunt  states  ? — I  should  doubt  very  much 
whether  it  was  210°  of  air  temperature,  because 
at  such  a  temperature  he  could  not  stand  the  heat  on 
his  nails. 

1964.  Ml*.  Hunt  states  that  on  the  average  the 
temperature  of  that  room  was  200  degrees  ;  do  you 
disagree  with  that  statement  or  not  ? — should  cer- 
tunly  disagree  with  it  if  it  were  meant  to  indicate 
air  temperature,  bat  tho  radiating  heat  might  easily 
show  200°. 

1955.  You  say  that  a  man  cannot  remain  for  any 
length  of  time  in  a  dry  temperature  of  140°  ? — ^It 
would  be  very  difllcult  for  him  to  remain  for  more 
than  an  hour  even  without  moving. 

1956.  Is  that  the  experience  of  the  Turkish  bath? 
•—I  should  say  that  it  is.  I  always  see  the  room 
at  a  temperature  of  140°,  and  never  see  anybody  in 
it  iot  iDOTe  than  tea  miniUes,  or  a  quarter  of  an  hour. 


1957.  What  is  the  highest  dry  temperature  in 
which  you  tliiuk  that  a  man  can  exert  continuous 
labour  ? — Tho  temperatui-e  of  the  humaa  body, 
namely  100  degrees.  In  ordinary  dry  air  heated 
to  100^,  eight  hours  would  bo  tlie  maximum  period 
of  labour ;  a  man  having  performed  that  would  be 
perfectly  exhausted. 

1958.  Then  how  can  you  explain  the  fact  that  in 
the  tropics  men  work  at  a  much  higher  temperature  ; 
how  is  that  practical  fact  compatible  with  your 
theoretical  statement  ? — My  statement  ia  based  upon 
my  experiments  in  the  bath.  A  man  at  140° 
is  in  a  condition  which  after  an  hour  or  two  makes 
him  unfit  to  do  anytliing,  but  if  he  is  in  a  temperature 
of  100°,  even  without  moving,  he  can  jnst  stand 
it  without  his  heart  being  made  to  beat  quickly. 
If  the  temperature  rises  to  110°  or  120°,  and 
he  ia  dicre  for  eight  hours,  the  beating  of  his  heart 
becomes  so  quick  and  it  is  so  intolerable  that  without 
increased  ventilation  he  cannot  stand  it.  I  therefore 
cannot  explain  tho  statement  that  x>er8on8  could  work 
for  eight  hours  continuously  in  a  temperature  of  110 
or  120^. 

1959.  {Chairman.^  With  what  view  have  your 
observations  been  made  ? — It  was  particularly  to  know 
what  was  the  effect  of  the  Turkish  bath  upon  the 
human  body  in  health  and  in  disease. 

1960.  It  was  altogether  with  reference  to  the 
Turkish  bath  ? — Yes  ;  it  was  as  to  the  ^SEaci  of  the 
Turkish  bath  upon  the  human  body. 

1961.  The  temperatures  which  are  actually  sus- 
tained in  the  Turkish  bath  are  vei-y  considerably 
above  100"  ? — Yes,  they  are  always  very  consider- 
ably above  that,  the  ordinary  temperature  of  the 
Turkish  bath  is  120**.  If  it  is  very  moist  this 
heat  ia  enough  for  producing  ^e  effect  ;  if  the  air  is 
very  dry  you  must  rise  to  140°,  and  then  you 
get  the  effect  The  less  vapour  there  is  in  the  air 
the  Iiigher  is  the  temperature  which  you  require  to 
produce  the  effect. 

1962.  You  say  that,  according  to  your  experiments, 
even  with  the  cooliug  effect  of  evaporation  due  to  a 
dry  air,  you  stiU  do  not  think  that  a  man  could  bear 
for  labour  a  higher  heat  than  100°  ?— I  doubt  very 
much  whether  he  could. 

1963.  And  you  are  quite  satisfied  that  if  evapora- 
tion was  rcsti'^ined  by  the  presence  of  moisture,  he 
could  not  do  so  ? — I  do  not  think  that  ho  could. 

1964.  You  Iiave  stated  in  answer  to  a  question  of 
mine  that  yon  consider  that  the  only  two  cooling 
influences  are  evaporation  and  radiation  ? — Yes. 

1965.  Do  you  think  that  there  would  be  any 
practical  difference  between  air  in  potion  and  air  at 
rest,  if  the  conditiona  of  evaporation  and  radiation 
were  the  same  ? — Air  in  motion  would  of  coarse 
considerably  promote  evaporation. 

1966.  Apart  ii-om  that  consideration,  if  it  were 
moist  air,  motion  of  course  would  not  compensate  for 
the  absence  of  dryness  ? — Not  at  all ;  on  the  contrary, 
motion  might  add  another  disadvantage  to  moisture, 
for  if  the  moist  air  were  a  little  above  tho  temperature 
of  the  body  it  would  heat  the  body  instead  of  cool- 
ing it. 

1967.  It  would  communicate  heat  to  the  body  if  in 
motion  more  rapidly  than  it  would  if  it  were  at  rest  ? 
— Yes  ;  air  saturated  with  water  and  hotter  than  the 
human  body  would  be  very  detrimental  to  the  body. 

1968.  I  presume  that  all  your  thermometers  were 
made  with  accurate  instrummta  for  determining  both 
the  temperatures? — They  were  all  very  accurate. 
My  standard  thermometers  have  beoi  tested  at 
Greenwich. 

1969.  {Mr.  Vivian,)  At  ihe  conclusion  of  Mr.  Hunt's 
evidence  there  is  the  following  statement :  "  Mr.  Hunt 
"  subsequently  tried  the  following  experiment  to 
"  ascertain  whether  hot  air  in  motion  or  still  air  of 
"  the  same  temperature  gives  the  greatest  sensadoD 
'*  of  heat.  A  large  fan  was  worked  in  the  hot  room. 
"  The  moving  air  produced  a  sensation  of  rather  less 
"  heat ;  but  the  difference  was  not  remarkable.  The 
c(  temperature  was  150°*"    Ton  do  not  believe 
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that  ? — DrjT  ait  prodaces  great  evaporation,  which  is 
an  advantage.  It  is  to  be  remarked  that  oven 
at  the  temperatnrea  of  140**,  145°,  and  150'  the 
external  Bkin,  bo  long  as  evaporation  can  take  place, 
ke^B  at  a  temperature  of  98  degrees,  which  is  the 
temperature  of  the  human  body.  The  fonniiig, 
therefore,  would  cool  a  little  even  with  air  at 
150"  if  Uie  ur  were  dry,  and  would  cool  the  less  the 
moiater  the  air  became  ;  and  if  the  air  were  very  wet 
the  fanning  would  not  cool,  but  heat ;  bot  Uie  fanning 
would  alao  heat  if  the  surface  to  which  it  was  applied 
was  n(Kh-perBpiiuig  or  pospiring  insnfficiently. 


Dr.  Thudichtth,  further  examined. 

1970.  {Chairmem.)  Have  you  any  fui'tber  statement 
to  make  ? — have  heard  the  Chairman  a^  the  ques- 

The  witness 


tion  whether  perspiration  without  evaporation  would 
increase  or  diminish  the  temperature  of  the  body. 
In  answer  to  that  question  I  should  say  that  mere 
perspiration  without  evaporation  would  increase  the 
temperature  of  the  body,  because  every  secreting  act 
is  accompanied  by  an  increase  of  temperature ;  thus 
when  blood  passes  through  the  salivary  glands  it 
comes  out  on  the  other  side  about  two  and  a  half 
d^rees  Fahrenheit  hotter  than  when  it  entered. 
And  it  may  be  assumed  that  all  the  blood  which  has 
passed  through  the  glands  of  the  skin  has  a  higher 
temperature  than  it  possessed  when  it  entered.  If, 
then,  there  were  no  cooling  Irom  evf^ration  the  skin 
of  that  body  must  increase  in  temperature. 

1971.  At  all  events,  you  are  satisfied  that  there  is  no 
cooling  effect  ? — None  whatever ;  on  the  contrary, 
there  is  an  increase  in  the  temperature  produced  by 
every  act  of  glandular  secretion. 

withdrew. 


A^jottined. 


Sib, 


GlaBfl  Works  near  Birmingham, 
22  June  1869. 
Ik  com{dianee  with  your  request,  I  have  plea- 
sure in  giving  ^ou  my  experience  aa  to  the  effect 
which  working  in  a  high  temperature  has  upon  the 
health  of  those  engaged  in  the  process  of  glass- 
making. 

There  are  certain  operations  in  these  works  in 
which  a  large  number  of  men  have  to  do  work, 
requiring  strong  muscular  exertion,  in  an  atmo^here 
heated  from  100^  to  120^  F. ;  and  also  rendered 
impure  by  the  fumes  that  escape  unavoidably  from 
the  coal  fires  at  which  the  operations  are  performed. 

These  workmen  are,  as  a  class,  healthy  and  vigo- 
rous, perhaps  more  so,  on  the  average,  than  any  oUier 
clasa  employed  here. 

The  process  of  glassmaking  requires  a  degree  of 
muscular  exercise,  which  is,  if  not  in  excess,  favour- 
able to  health,  and  in  this  case,  the  operations  are 
carried  on  only  &nr  times  in  the  week  for  about  8 
to  10  hours  at  each  time ;  so  that  ihen  is  an  interval 
of  upwards  of  30  hours  between  two  consecutive 
workings. 

The  work  itself  too,  is  not  absolutely  continuous, 
without  any  break  ;  the  workmen  having  frequently 
the  opportunity  of  resorting  to  the  outer  air  for  a  few 
seconds. 

Under  these  circumstances  the  heated  atmosphere, 
by  its  effect  upon  the  skin,  is,  I  conader,  conducive  to 
health,  rather  than  otherwise. 

I  have  the  honour  to  be. 
Sir, 

Your  most  obedient  servant, 
J.  F.  Campbell,  Esq.,  J.  T.  Chance. 

&c  &c. 


The  Clifford  Amalgamated  Mines, 
Snt,  20th  July  1869. 

In  reply  to  your  questions  respecting  the  tem- 
perature and  mode  of  working  the  hot  places  in  these 
mines,  I  beg  to  inform  you  t^t  the  air  in  the  hottest 
place  now  working  is  117°,  and  the  temperature  of 
thewatra-  in  the  same  place  is  118°,  but  we  have 
water  in  othw  places  in  the  mine  122**. 

We  have  about  100  men  employed  in  the  bottom  of 
the  mine,  working  at  a  temperature  varying  from 
112*  to  117°. 

The  regulation  time  for  working  in  the  hot  ends  is 
six  hours  a  day,  but  only  about  one-half  of  this  time 
is  spent  in  actual  labour,  the  other  half  the  men  arc 
stopping  in  a  colder  place  to  get  refreshed. 

If  you  take  the  ordinary  temperature  of  deep  mines 
at  about  80S  I  calculate  that  at  ]10<>  it  takes  two 
men  to  do  the  work  of  one  man,  and  at  120°  it  takes 
three  men. 

We  find  the  health  of  the  men  to  be  but  little  im- 


paired by  working  in  the  hot  places,  if  supplied  with 
a  sufficient  quantity  of  cold  water  to  drink  and  wash 
their  body  with. 

Some  of  the  men  are  pictures  of  health,  and  we 
generally  find  that  the  mesa  after  working  for  some 
time  in  hot  places  prefer  these  to  colder  phu^es. 

Our  mines  are  well  ventilated  by  winzes  (*.e.  air 
communicators)  from  level  to  level,  and  we  have 
machines  worked  by  the  steam  engines  for  forcing 
cold  air  into  the  hot  ends,  but  the  men  prefer  a  cistern 
of  cold  water  to  bathe  in  to  any  other  cooling  means. 

I  am,  Sir, 
Your  obedient  servant, 
J.  F.  Campbell,  Esq.  John  Gxlbbbt. 


Sib, 


The  Clifford  Mines, 
28th  July  1869. 
I  should  have  answered  your  letter  per  return 
post,  but  I  had  to  get  a  suitable  thermometer  to  test 
the  difference  between  the  wet  and  the  dry  bulb. 

I  found  in  the  hottest  end  where  the  air  registered 
117**  that  by  covering  the  bulb  with  a  single  wetclotii 
that  during  the  time  the  water  was  evaporating  the 
thermometer  fell  1^°. 

I  am  Sir, 

Your  obedient  servant, 
J.  F.  Campbell,  Esq.,  John  Gubebx. 


The  Clifford  Mmes, 
Sib,  2nd  August  1869. 

We  have  in  these  mines  recently  communicated 
with  some  of  the  main  workings  a  new  downcast  shaft 
about  260  fathoms  below  the  surface.  The  current  of 
cold  air  conveyed  from  this  shaft,  immediately  reduced 
the  temperature  25°,  viz.  from  110°  to  85°.  This  im- 
provement in  the  ventilation  enabled  the  men  to  per- 
form with  less  difficulty  double  the  amount  of  labor. 

I  think  it  is  very  important  in  deep  and  hot  mining 
to  keep  two  or  more  shafU  as  near  as  possible  to  the 
bottom  of  the  mine ;  I  consider  auch  means  will  be 
the  most  effectual,  and  fm:  permanent  working  the 
dieapest  mode  of  ventilation. 

We  have  several  old  miners  working  in  our  hot 
ends  (whose  ages  vary  from  60  to  70  yeai-s)  who 
have  worked  nearly  atl  their  lives  in  places  of  high 
temperature,  and  their  appeai*ance  and  health  will 
compare  favourably  with  the  generality  of  miners. 
I  attribute  this  great  advantage  to  our  having  a 
sufficient  number  of  shafts  to  pvperly  ventilato  the 
bottom  of  the  nune. 

I  am.  Sir, 
Your  obedient  servant 

John  Gilbbbt. 


J.  F.  Campbell,  Esq., 
House  of  I^ords. 


A  97 

J.  L.  W. 
Eiq.,  M.D. 
IS  July  1S69. 
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P^ERS  Bent  by  Sir  Williah  Abhstbong  to  be  printed,  Jon.  20, 1870. 


1.  Dr.  Sanderson's  report  on  higb  temperatarea  in  the  Clifford  nunes,  and  some  correspondence 
relating  to  that  subject. 

2.  Correspondence  about  obtuning  an  answer  to  an  offidal  letter  of  inquiry  by  the  Coal  Conunissioa 
as  to  tiie  temperature  of  rooks  in  the  Mont  Cenis  Tunnel,  where  the  depth  from  the  suz&ce  is 

greatest. 

3.  Hydrometric  Observadons  by  Mr.  L.  Wood  on  tiie  air  in  certain  de^  minea. 


Results  of  an  Inciuiry  as  to  the  Toxmerature  and  Moisture  c£  the  Air  in  the  236-fathom  level,  Clif- 
ford Mine,  Cornwall,  and  as  to  the  Effect  of  the  I£gh  Temperature  on  the  Miners  emfdoyed  tiiere. 

My  attention  was  mainly  directed  to  the  following  questions: 

1.  The  conation  of  the  air  in  the  hottest  parts  <^  the  mine  as  r^^ards  temperature  and  mdsture. 

2.  The  nature  of  the  work  and  the  time  occupied  in  it. 

3.  The  immediate  effect  of  the  high  temperature  on  the  bodily  functions. 

4.  Its  effect  on  the  general  health. 

1.  As  r^ards  the  first  of  these  qnestions,  my  attention  was  confined  to  the  235^thom  level, 
Which  was  stated  to  be  the  hottest  part  of  the  miae.  The  level  ends  in  a  cul-de-sac,  the  greatest 
height  of  wluch  is  about  6^  feet,  the  width  perhaps  7  feet  The  highest  temperature  is  met  with  at 
the  exteemity  of  this  cul-de-sac,  and  does  not  extend  more  than  10  feet  from  it  Beyond  this  distance 
the  temperature  of  the  air  rapidly  sinks  to  80^  Fahr.,  or  thereabouts,  in  consequence  of  the  efficient 
ventilation  produced  by  a  vertical  shaft  by  which  the  level  communicates  with  the  level  above. 

Observations  were  made  at  the  hottest  part,  i>.,  at  a  distance  of  about  a  yard  from  the  end  of  the 
excavation,  and  midway  from  its  opponte  mdes.  It  was  found  that  a  mermometer  held  in  this 
position,  and  sheltered  from  radiation,  stood  at  102*9°  Fahr.  When  it  was  brought  nearer  tiie  sui&oe 
of  the  rock  it  rose,  the  reading  varying  according  to  the  distance.  When  the  bulb  was  placed  in  the 
pool  of  water  which  covered  the  floor  it  rose  to  108°  Fahr.  When  it  was  placed  in  the  sixeam  by 
which  the  pool  was  fed,  it  rose  to  112°  Fahr.  When  it  was  plunged  for  eight  inches  into  a  bore-hole 
from  wluoh  a  ftill  stream  of  water  was  flowing,  the  reading  was  114*5^  Fahr. 

About  three  quarters  of  an  hour  after  making  these  measurements  I  re-entered  the  excavation,  for 
the  purpose  of  verifying  their  accuracy.  I  found  that  the  thermometer,  in  the  same  position  as  before, 
stood  at  103*5°  Fahr.  when  freely  exposed,  but  sank  a  few  tenths  when  sheltered  by  a  screen  of  card- 
board. Whenever  drops  of  water  fell  on  it  from  the  roof  of  the  excavation  it  rose  to  108°,  1 10°,  or 
112**  Fahr.,  according  to  circumstances,  soon  returning  to  its  former  level 

It  was  found  that  there  was  no  difference  whatevw  between  the  readings  of  tbe  dry  and  wet  bulb 
thermometers.  The  silver  bottie  of  Begnaulf  s  hygrometer  was  seen  to  be  coated  with  moisture 
immediately  the  box  containing  it  was  opened. 

I  next  visited  another  working  about  ei^t  fiithoms  deeper,  i,e.,  300  fathoms  below  the  surface. 
Here  the  temperature  of  the  air  was  found  not  to  be  so  high,  the  readings  varying  from  99'9°  to 
100'2°  Fahr.  The  temperature  of  the  wat»,  on  the  contrary,  which  is  discharged  from  the  rock  in  a 
strong  stream,  was  over  120°  Fahr.  In  consequence  of  the  difficulty  of  carrying  my  thermometers 
into  this  excavation  I  was  unable  to  measure  the  temperature  of  the  water  exactiy. 

It  thus  appears  that  at  the  time  of  my  inquiry  (between  10  and  12  am.,  August  26th,)  the  tempe- 
rature of  the  ur  at  the  hottest  part  of  the  Clifford  Mine  did  not  exceed  103°  Fdbr.,  and  that  as  regards 
humidity  it  was  completely  saturated  with  moisture.  The  complete  saturation  is  due  to  the  fact  that 
water  is  conlinnally  dropping  frcnn  the  roof  of  the  excavation. 

2.  Nature  of  the  work.  Those  miners  who  are  occupied  in  the  hot  workings  are  in  the  mine  six 
hours  in  the  twenty-four.  In  each  excavation  four  men  are  employed ;  of  these,  two  at  least  are 
always  at  rest,  but  the  other  two  are  not  always  at  work ;  for,  on  the  whole,  the  time  occupied  in 
resting  considerably  exceeds  thatocou{aed  in  working  The  nature  of  the  work  and  the  mode  of 
carrying  it  on  are  subject  to  considerable  variation.  Thus,  if  blasting  is  required  it  varies  according  as 
the  men  are  engaged  in  boring  or  in  preparing  the  charge  for  explosion.  In  the  former  case,  one 
man  holds  and  directs  the  tool  while  the  other  strikes,  and  after  a  certain  number  of  blows  have 
been  struck  they  change  places.  In  the  latter  case  only  one  can  work  at  a  time,  the  other  obtaining 
thereby  an  extra  time  for  rest  When  the  pick  is  required  it  often  happens  that  only  one  man  of  the 
four  can  work  at  a  time.  From  these  oroumstences  it  is  difficult  to  detemdne  the  time  that  each 
man  is  subject  to  the  high  temperature,  but  it  is  obvious  that  of  the  six  hours*  period  of  labour  the 
greater  part  is  spent  in  resting.  It  is  generally  admitted  that  no  miner  remains  more  than  15  minutes 
m  the  heat  at  a  time;  indeed  they  all  agree  that  to  remain  longer  would  be  impossible.  My 
impression  is  that  they  seldom  remain  longer  than  10  or  12  minutes. 

3.  Xa  order  to  ascertain  the  immediate  effect  of  the  high  temperature  on  the  bodily  funotionB  I 
examined  three  healthy  miners  immediately  after  leaving  the  hot  excavation,  and  again  after  oooling, 
the  same  men  having  been  previously  examined  befi)re  their  desert  into  the  min&  The  general 
results  may  be  stated  as  follows : — After  working  the  usual  period  in  the  heat,  the  nuner  comes  into 
the  oooler  part  of  tiie  level  to  rest.  At  this  mom^t  he  is  osually  ccMnpletely  exhausted  and  no 
longer  capable  of  exertion ;  perspiration  pours  from  his  body,  his  henrt  and  arteries  pulsate  vimbW  at 
the  rate  of  120  to  150  per  minute  ;  his  bodily  temperature,  as  measured  by  a  thexmometer  placed  in 
the  mouth,  is  over  100°  Fahr.,  and  he  cfHuplains  of  a  sensation  of  extreme  h^t 
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■After  mtta&ff  in  a  ourrent  of  humid  ur  at  a  temperature  of  81^  Fahr.,  and  allowiog  cold  water  to      A  99 
pour  over  his  hody,  the  distress  and  exhaustion  quickly  pass  off,  and  in  half  an  hour  it  is  found  that  Dr.  Sander- 
his  heart  is  heating  with  natural  frequency,  and  that  the  temperature  in  the  mouth  is  below  98°  Fahr.  bod,  C^i^rd 

From  tiiese  facts  it  appeared  to  me  evident  that  even  a  temperature  of  103°  Fahr.,  combined  with  mines 
u  saturated  eondition  of  the  air,  produces  a  disorder  of  the  circulatior  so  considerable  that  it  could 
not  be  endured  for  a  lengthened  period  without  danger.    Even  if  a  man  could  by  great  resolution 
withstand  its  overpowering  effect  at  the  time,  the  after  consequences  would  be  prejudicial. 

4.  For  the  purpose  of  determining  the  influence  of  labour  in  the  hot  levels  on  the  general  health, 
I  selected  six  miners  for  examination  who  were  so  occupied.  The  state  of  health  of  each  of  these  men 
was  carefully  investigated  under  two  conditions ;  immediately  after  ascending  from  the  min^  and 
immediatelv  oefbre  returning  to  work  on  the  following  day.  On  both  occasions  the  condition  of  the 
heart  and  tnonuno  organs  was  examined  by  auscultation,  and  the  characters  of  the  pulse  were  investi- 
gated by  the  sphygmograph.  The  results  may  be  stated  as  follows : — All  of  the  men  (who  were  taken 
promiscuously  in  the  order  in  which  they  happened  to  come  up  from  the  mine)  are  in  good  health 
and  in  fine  muscular  condition.  With  the  exception  that  they  were  perspiring  profusely,  none  of 
them  showed  any  uniavourable  effect  of  their  labour.  In  all,  the  characters  of  tiie  pulse,  both  as 
r^ards  frequency  and  form,  were  natural,  and  it  was  observed  that  in  three  of  the  men  the  number 
of  beats  per  minute  was  greater  in  the  morning  before  going  to  work  than  it  was  on  the  previous  day 
immediately  after  ascending.  In  the  other  three  men  the  frequency  was  about  equal  at  the  two 
periods  of  examination.  The  period  during  which  these  men  had  worked  in  the  hot  level  ranged 
xrom  a  few  months  to  33  years. 

From  these  facts  I  conclude  that  the  occupation  in  question  is  not  uRceasarily  inconsistent  with 
the  enjoyment  of  vigorous  health ;  but  from  inquiry  I  leamt  that  there  are  many  men  who,  after 
tryinw  the  work,  are  compelled  to  desist,  on  account  of  the  distress  and  exhaustion  which  it  produces, 
^e  unmunity  from  injury  to  health  which  most  men  appear  to  enjoy  is  in  my  opinion  attributable 
to  the  shortness  of  the  periods  during  which  they  are  exposed  to  the  high  temperature,  and  to  the 
readinesB  with  which  they  can  escape  to  a  well  ventilated  cooling  place  the  moment  that  they  are 
incapacitated  f<Hr  further  exertion,  by  the  disorder  of  the  circulation  aoA  tiie  increase  of  tiie  temperature 
rf  the  body. 

August  31,  1869.  J.  BuBDON  Sakdsbsok. 


Newcastle-upon-Tyne, 
Mr  Dbak  Sib,     ^  ^  .     .  ^ 

I  HATE  received  your  very  interesting  report  on  the  hot  mine  in  Cornwall.    May  I  ask  if  it  Sir  W.  Arm- 
is  now  your  opinion,  that  an  air  temperature  equal  to  blood  heat  in  a  moist  atmosphere  may  be  regarded  strong, 
as  the  probable  limit  of  heat  under  which  men  could  work  where  the  circumstances  did  not  admit  of 
frequent  retreat  into  a  colder  atmosphere- 
It  aj^ears  to  me  that  the  moment  this  limit  is  exceeded  we  oicounter  new  conditions  unfavourable 
to  life,  and  that  unless  the  effects  are  counteracted  by  evaporation,  requiring  the  presence  of  dry  air, 
labour  wonld  be  impracticable,  except  for  very  short  intervale.  , 

If  you  think  a  higher  temperature  could  not  be  borne  with  safety  in  a  moist  atmosphere,  I  should 
further  like  to  know  at  about  what  lower  temperature  you  would  be  disposed  to  fix  the  limit  that 
would  be  consistent  with  healthy  continuous  labour,  aay  for  five  hours  at  a  time. 

Very,  &c. 

W.  G.  Abmstbong. 

Br.  Sanderson. 


Mt  Deab  Sir,  Lyons,  7th  October  1869. 

I  MUCH  regret  that  I  have  been  unable  to  answer  your  letter  sooner.    I  have  been  on  the  Dr.  Sander  • 
continent  since  the  banning  of  last  month,  and  out  of  reach  of  letters,  oonsequentiy  I  only  received  son. 
youra  this  evening. 

It  is  certunly  my  opinion  that  labour  is  not  practicable  in  moist  air  of  a  temperature  equal  to  that 
of  the  blood,  excepting  for  very  short  intervals.  The  facts  I  observed  in  Cornwall  I  tiuhk  justify 
me  in  expressing  this  opinion,  even  more  decidedly  than  I  did  when  examined  by  the  Committee. 

You  further  ask  me  at  what  temperature  I  am  disposed  to  fix  the  limit  that  would  be  consistent 
with  continuous  healthy  labour,  say  for  five  hours  at  a  time.  This  question  I  conrider  much  more 
difficult.  I  am  disposed  to  say  90°,  with  this  reservation,  that,  in  my  opinion,  a  man  could  certainly 
not  be  expected  to  do  as  much  work  in  moist  air  at  a  temperature  of  90°  aa  he  could  in  ordinary 
conditions  of  temperature  and  moisture.  I  believe  that  the  loss  of  working  power  would  even  at 
90*  be  very  considerable. 

I  am  engaged  here  in  a  medical  inquiry  which  will  perhaps  occupy  me  for  a  fortnight  Any  letters 
addressed  to  49,  Queen  Ann  Street,  will  be  forwarded  to  me. 

I  am,  Sic. 

Sir  W.  O.  ArmBtrong.  J,  B.  Sandebson. 
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ON  POSSIBLE  DEPTHS  IS  WOBEINa. 


A  100     Dkab  Dr.  Sahdhbson,  Newcaatle-on-Tyne,  29  October  1869. 

Clifford  I  UNDERSTAND  &om  Mr.  Campbell  that  you  have  already  been  furnished  with  oo|ues  of  three 

mines.  letters  irom  Mr.  John  Gilbert,  obtain  of  the  Amalgamated  Clifford  Mines.    These  letters  bear  date 

respectively  the  20th  and  28th  July  and  2nd  August  1869,  and  they  detail  the  temperature  of  the 
air  and  water  in  the  hot  workings  you  visited.  From  these  letters  it  appears  that  the  highest  tempera- 
ture of  air  in  the  hot  places  where  the  men  work  is  ll?"*  Fahr.  In  the  evidence  of  Mr.  Robert  Hun^ 
of  which  I  CTclose  a  copy,  a  still  higher  temperature^  viz.  120",  is  attributed  to  the  air  at  one  place 
in  this  mine.  His  evidence  embraces  a  diagram  of  the  worldngB,  with  the  positions  marked  wiwrethe 
various  temperatures  specified  in  his  statement  occur.  Mr.  Hunfs  evidence  does  not  rest  on  personal 
observations,  but  the  facte  seem  to  be  derived  from  good  authority.* 

I  wish  also  to  draw  voux  attention  to  the  experiment  mentioned  in  Mr.  Gilbert'fl  letter  of  the  28th 
July,  by  which  it  would  appear  that  where  the  temperature  reached  1 17"  there  was  a  conadanble 
di:£rence  between  the  wet  and  dry  bulb  thermometer.  The  expraiment  appears  to  have  been  only 
roughly  made  ;  butit  is  not  easy  to  reconcile  the  difference  observed  with  a  saturated  condition  of  the  air. 

The  highest  air  temperature  recorded  in  your  report  is  103"  Fahr.,  instead  of  117°,  as  stated  by 
Mr.  Gilbert,  and  120°  as  stated  by  Mr.  Hunt  You  also  differ  from  Mr.  Gilbert,  in  describing  the  fur 
as  completely  saturated,  which  I  have  no  doubt  it  was,  for  it  is  impossible  to  conceive  it  otherwise  under 
such  circumstances.  It  would  be  very  deorable  to  have  these  discrepandes  cleared  up,  and  I  should 
be  glad  to  know  whether  you  can  ^ve  me  any  explanation  which  would  have  that  effect. 

May  I  also  ask  you  whether  you  were  informed  that  the  temperatures  in  the  hot  workings  varied 
with  the  length  of  the  excavation,  or  distance  from  the  cool  ventilation,  and  whether  you  have  reason 
to  believe  that  a  saturated  atmosphere  of  still  higher  temperature  than  you  have  named  was  occauonally 
to  be  endured.  I  should  also  Uke  to  know  whether  you  observed  any  difference  of  temperatoxe 
between  the  air  at  the  roof  and  at  the  floor  in  the  hottest  place  you  examined,  and  whether  your 
recorded  observation  of  103°  was  made  with  a  thermometer  placed  at  the  hfflght  above  the 
floor  where  the  air  would  be  actually  breathed. 

J£  you  think  it  probable  that  the  men  employed  in  these  hot  workings  are  occasionally  exposed  to 
higher  temperatures  of  saturated  air,  ranging  to  117°  or  120°  Fahr.,  would  yon,  from  what  you  have 
seen  and  heard,  be  led  to  believe  that  the  health  of  the  men  would  be  permanentlv  injured  by  much 
higher  temperatures  or  would  you  merely  anticipate  that  the  distress  and  exhaustion  yoa  have 
described  would  be  brought  on  with  still  shorter  periods  of  labour  than  you  have  'named. 

I  am,  &C., 

W.  G.  ASHSTBONO. 


Mt  Dear  Sir,  49,  Queen  Ann  Street,  30  October  1869. 

I  HAVE  just  received  your  letter,  and  shall  endeavour  to  reply  to  the  questions  contained  in  it. 

I  am  not  in  possession  of  the  letters  of  Captain  Gilbert,  nor  have  1  seen  them.  Until  to-day,  I  had 
not  seen  Mr.  Hunt's  evidence.   I  shall  now  read  it  with  attention. 

I  think  that  the  observations  of  Captain  Gilbert,  according  to  whidi  there  was  a  very  oonnderable 
^fferenn»  between  the  readings  of  the  dry  bulb  and  wet  bulb  thermometers  in  the  hot  workings, 
must  have  been  erroneous  ;  for  even  in  the  ventilated  part  of  the  level,  where  the  air  temperature 
was  from  80"  to  82°,  I  found  the  air  all  but  saturated. 

As  to  the  discrepancy  between  my  measurements  of  temperature  and  those  of  Captain  Gilbert, 
I  think  it  accountable  on  the  supposition  that  on  taking  uie  observation  he  did  not  take  care  to 
prevent  the  hot  water  from  dropping  on  the  thermometer  bulb.  Until  I  found  out  this  source  of 
mistake,  I  imagined  the  temperature  to  be  much  higher  than  it  really  was. 

I  observed  that  the  temperature  diminished  very  rapidly  indeed  in  passing  from  the  hot  excavation 
towards  the  ventilated  part  of  the  level.  My  notes  state,  "  The  part  in  which  the  high  temperature 
"  exists  is  not  more  tlian  10  feet  from  the  end,  beyond  which  distance  the  temperature  of  the  air 
"  rapidly  sinks  to  80°  or  thereabouts." 

I  found  that  the  temperature  was  103°  when  the  thermometer  was  placed  at  a  point  about  equi- 
distant from  the  floor,  roof,  and  sides.  My  notes  state,  "  It  was  found  that  a  thermometer  held  in  this 
*■  position,  and  sheltered  by  the  hand  or  otherwise,  stood  at  102 '9°.  "When  it  was  brought  nearer 
*'  to  the  surface  of  the  wall,  it  rose,  the  reading  varying  according  to  the  distance.  When  the  bulb 
"  was  placed  in  the  pool  of  water  which  covered  the  floor  of  the  excavation  near  the  point  at  which 

water  was  streaming  into  it  from  the  rock,  it  rose  to  112°.  When  the  thermometer  was  plunged 
"  for  eight  inches  into  a  bore-hole  from  which  a  stream  of  water  was  flowing,  it  stood  at  1 14 '  5°,  &c 
*'  &C."  Everywhere  I  found  that  the  thermometer  rose  rapdly  whenever  it  was  brought  near  to 
the  hot  surface  of  the  rock.  * 

I  think  that  the  effect  of  having  to  work  in  an  excavation  hotter  than  that  which  existed  in  Clifibrd 
Mine  at  the  time  I  visited  it  would  be  to  shorten  the  period  during  which  a  man  could  sustun  labour, 
rather  than  to  injure  his  health  permanently  ;  for  it  appears  to  me  that  the  nature  of  the  exhanstion 
produced  is  such  that  a  man  could  not  continue  to  resist  or  stru^le  agunst  it)  so  as  to  injure  himself, 
even  if  he  wished  to  do  so,  for  more  than  a  short  time. 

I  am,  &c. 

J.  BuRDON  Sanderson. 


^  KoTB  by  Mr.  Hunt,  see  p.  A  3,  Ac.  Mr.  Kobert  Hunt's  authority  was  Captain  Gilbert,  the  manager  of 
Cliflbrd  amugamated  mines,  who  made  a  special  set  of  observationB  for  the  Commission,  at  the  request  of 
E.  H.  Hawke,  Esq.,  Tolgalla^  one  of  the  committee  of  this  mining  company.  The  temperature  of  120*>  given 
as  tbat  of  the  230  fathom  level  in  the  United  Mines  was  taken  in  a  perfectly  "close  end,"  about  30  fathoms 
from  a  winze,  which  has,  since  the  observations  were  made,  been  holeil  through,  and  tfierelbre  ventilated, 
redndng  the  temperature. 
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Bbab  But,  Ekwick  Works,  Newcastle-on-Tyne,  3  Nov.  1869.        ^  loi 

Would  you  be  so  good  as  to  inform  me  whether  Dr.  Sanderson,  on  his  recent  visit  to  fbe  Gliffiird 
Clifford  l£nes,  was  conducted  to  the  bottrat  part  of  the  workings,  and  whether  at  any  past  period  the  mines  ud 
miners  have  had  to  work  in  hotter  {daces  than  that  visited  by  Br.  Sanderson.  Mont  Cotis 

G.  Gilbert,  Esq.,  Yours  truly,  tunnel 

Cliffind  Amalgamated  Mines.  (Signed)   W.  G.  Abmstbono. 

Sib,  The  Clifibid  Amalgamated  Mines,  Scorrier,  6th  Nov.  1869. 

In  reply  to  your  letter  of  the  3rd  instant,  I  b^  to  inform  you,  that  at  the  time  Dr.  Sanderson 
visited  these  mines  he  was  conducted  to  the  hottest  part  of  the  workings ;  but  about  a  month  previous 
to  his  visit  the  bottom  levels  had  been  commumcated  with  the  upper  worUngs,  which  improved  the 
ventilation,  and  reduced  the  temperature  fully  10**  Fahr. 

At  present  the  bottom  of  the  mine  is  about  5^  hotter  than  when  visited  by  Dr.  Sanderson. 
Sir  W.  G.  Armstrong,  Yours  truly, 

Elswick  Works.  John  Gxlbebt. 


[ThefoUoimn0  letter,  recHved  on  the  14^A  F^ruary  1870,  if  added  by  desire  of  the  Comm^ee.] 

Deab  Sib,  ^       _  The  Clifford  Mines,  10th  February  1870. 

I  HAVB  very  mnch  pleasure  in  informing  you  <^  the  results  of  the  experiments  made  by  the 
hermtnneter  in  our  hot  level 

The  hot  (or  bottom)  level  is  285  &tboms  from  surface,  and  has  been  driven  west  of  the  shaft  seven 
fathoms. 

I  first  sent  the  thermometer  underground  at  6  a.m.  and  kept  it  in  the  level  till  12  at  noon,  it  then  Temperature 
roistered  122°.  I  agun  sent  it  down  at  midnight,  and  at  6  a.m.  it  stood  at  121°.  I  account  for  the  1^« 
temperature  bein^  1°  less  in  the  morning  in  consequence  of  a  smaller  number  of  men  working  in  the 
bottom  of  the  mme  ovrazught  The  highest  temperature  that  I  have  observed  was  on  the  Monday 
monungs  ^when  it  was  generally  123°.^  I  think  this  must  be  on  account  of  the  water  (which  is  3^ 
hotter  Sian  the  ur)  b^g  allowed  to  rise  in  the  bottom  of  the  mine  on  the  Saturday  to  make  the 
necessary  repurs  to  the  engine  and  pitwork.  After  tesling  the  temperature  for  neaily^three  weeks  I 
have  found  we  minimiim  to  be  121°  and  the  greatest  123°.  ■ 

If  I  have  not  been  explidt  enough  m  my  remarks,  I  shall  be  glad  to  furnish  you  with  any  other 
particulars  that  yon  may  requre.  Yours  fidthfully, 

J.  B.  Sanderson,  Esq.  John  Gilbebt. 

2,— Mont  Ceaix  TumteL 

Letter  from  the  Duke  of  Sutherland's  Private  Secretary  to  the  Secretary  of  the  Coal  Commisuon. 
Mt  Deab  Sib,  Trentham,  Staffordshire,  3d  August  1869. 

YouB  inquiry  as  to  the  temperature  of  the  Mont  Cenis  Tunnel  is  in  progress,  as  you  will  see  ^lont  Cenis. 
by  the  enclosed.    It  is  a  very  interesting  subject.    I  hope  the  reply  from  Mr.  Bdl  may  pass  mj  way. 
I  am  afrud  you  will  not  have  any  reliable  informadon  so  long  as  they  continue  to  blow  in  air,  and 
they  cannot  work  long  without  a  fresh  sup|dy.  I  am,  &c. 

Henbt  Wbxoht. 


Mt  Deab  Sib,  5>  Victoria  Street,  Westminster,  S.W.,  2  August  1869. 

Perhaps  you  would  forward  the  enclosed  to  Mr.  Campbell,  as  it  will  show  him  he  will  probably 
soon  have  the  information  he  desires.  Yours  very  truly, 

H.  Wright,  Esq.,  Jahxs  Bbowitlebs. 

Dbas  Sib,  5,  Victoria  Street,  Westminster,  S.W.,  2  August  1869. 

Mr.  Wright  has  handed  me  your  letter  of  the  26th  ult,  and  I  have  aaked  Mr.  Valentine 
G.  Bell,  who  was  my  resident  engineer  on  the  works  of  the  Mont  Cenis  Summit  lUilway,  to  nuke 
inquiries  at  the  works  of  the  Alps  Tunnel,  as  to  the  temperatures  at  the  various  depths  from  the 
surface.  He  is  now  in  Paris,  but  will  go  to  Mont  Cenis  this  week,  and  I  wiU  conunnnicate  with  you 
the  result  of  his  inquiries.  Meantime  I  may  say  that  tbe  general  impression  of  those  who  nave 
recently  been  into  the  works  is  that  the  temperature,  though  high,  does  not  anywhere  exceed 
100°  Fahr.  The  compressed  ur  from  the  boring  macbes  reduces  the  temperature  always  suffidently 
to  allow  of  the  men  working,  and  I  am  of  opinion  that  the  rule  of  an  increase  of  1°  of  heat  for  every 
additional  60  feet  of  surface  earth,  though  comparatively  correct  for  a  moderately  level  country  like 
England,  would  not  apply  to  countries  Ske  the  Alps,  where  the  differences  of  level  are  so  great. 

The  beat  from  the  earth's  centre  is  probably  diminished  as  it  approaches  the  suifaoe,  so  that  the 
lines  of  equal  temperature,  whidi  nearer  the  centre  approximate  to  (»rclee  described  from  that  coitre, 
gradually  become  more  and  more  contorted  according  to  the  configuration  of  the  sur&ce,  the  rates  of 
the  distances  between  the  lines  of  equal  temperature  being  very  much  disturbed  in  a  mountainous 
country,  thus : 

UHDUItATIMa  COUNTBT. 
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Mont  CeiuB  MouNTiJNOUs  Countet. 
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There  are  also  other  causes  tending  to  reduce  the  temperature  in  the  interior  of  mountwns,  sudi  aa 
fissures  in  the  rocks,  letting  the  water  from  the  glaciers  and  melting  snows  flow  through  them.  In 
the  Alps  Tunnel  they  have  had  considerable  quantities  of  water. 

I  cannot  think,  therefore,  that  the  temperature  of  the  took  in  this  tunnel  can  be  taken  as  a  guide 
with  regard  to  idts  to  be  sunk  to  similar  depths  bdow  the  surface  in  En^and,  but  will .  send  you  the 
results  of  Mr.  JSell's  observations  as  soon  as  I  rec^ve  them. 

I  am,  &c. 
Jawbs  Bbownlbbs. 

J.F.  Campbell,  Esq. 


Reply  to  Mr.  Browntees  by  the  Secretary  to  the  Cdal  Commisuon. 

DeAS  Sib,  Niddry  Lodge,  Kensington,  5  August  1869. 

Mr.  Wright  has  sent  me  your  letter  of  the  2nd  of  August,  for  which  I  am  much  obliged.  Your 
theory  of  undulating  subterraneous  isotherms  is  like  my  own  (aee  q.  464  A.),  but  the  thing  aimed  at 
is  to  get  an  answer  to  my  letter  to  the  resident  engineer  of  the  Mont  Cenis  Tunnel,  written  about  the 
I8tb  of  June,  which  contained  questions  whioh  I  was  desired  by  the  Committee  to  ask.  Sir  William 
Aimstrong,  liie  GhurmaD,  is  drafting  the  report.  I  have  sent  your  letter  to  him  ;  bo  meantime  please 
tell  me  if  we  may  print  it,  in  case  Sir  W.  wishes  to  do  so. 

I  am,  &c, 

J.  F.  Campbell. 

Not£  by  the  Secretary,  1th  February  1870.—iVo  reply  to  the  t^gSeial  letter  of  June  1869  has  been 
received.    J,  F.  C. 


Mt  Deab  Sib,  Mont  Cem's  Tunnel  Leeds,  2nd  Oct.  1869. 

Thdtkiko  over  various  matters  as  I  ratded  along  southward,  I  bethought  me  again  of  Mont 
Cenis,  and  of  the  importance  of  a  few  observations,  which  if  not  yet  made  might  still  be  so  in 
time  for  your  report.  I  found  the  resident  engineer  on  the  north  side  a  very  obliging  and  intelligent 
man,  who  would  doubtless  do  them  well,  if  called  upon  from  above ;  but  my  chief  reason  for  writing 
IB  to  safest  that  yon  should  send  a  missive  on  the  subject  to  my  good  friend,  II  Commendat<n« 
Qm/rUvno  Sella,  the  late  minister  of  finance,  a  most  accomplished  man  as  a  mineralogist  and  mathe- 
maticdan,  versed  also  in  English  and  other  foreign  langu^es.  He  was  one  of  the  commiadon  which 
arranged  the  whole  business  of  the  tunnelling.  If  the  Italian  parliament  is  now  sitting,  he  would 
be  at  Florence,  but  if  not  would  probably  be  at  home  at  Turin.  I  feel  sure  that  if  they  have  not  you 
done  80  they  would  have  some  thermometers  properly  placed,  well  out  of  reach  of  their  ezpancung 
compressed  air  and  its  marvellous  cooling  effects. 

Trusting  that  all  your  pleasant  party  are  well,  and  enjoying  this  less  turbulent  weather. 

BelieTe,  me  &c., 

X  F.  Campbell,  Esq.,  Warington  W.  Smyth. 

P.S. — In  case  of  communications  being  required,  my  address  vrill  be  Clifi)  Maiuzion,  Cornwall,  from 
the  I6th  October  to  the  6th  November,  after  which,  absorption  into  the  m^n^ioliB. 

Note  by  the  Secretary. — No  further  action  was  taken  on  this  letter.  No  other  information  wat 
obtain^  fnom  Mr.  Bell,  or  from  Mr.  Brownkes,  as  to  the  temperatare  under  the  Alps  ;  but  as  Ae  works 
toniimUf  that  temperature  is  not  sueh  as  to  prevent  labour. 
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3. — Hygrometrie  OhMnatumtf  ^  by  Mr,  L,  Wood. 
Ko.  Iv— OBSEBVA.noii8  taken  in  the  Jake  FXt,  Huttoh  Seaic^  Epsxeton  Colliebt,  13Ui  Oct.  1869. 


Htntkm. 


On  the  surface,  4.30  a.m. 
On  the  Rirftce,  1  pan.  - 

IXTAU  An: 

Shaft  tiding 
1st  north  way  end 
eth  south  wsy  end 
8th  south  way  end 
Outbye  ude  of  putting 
station 

Woasnia  facb,  where 
men  were  wotUng : 

Wa^gan  tncj  jod 
Srd  west  way 
Highbord 

Rnrair  Aim: 

West  way  doois  - 
6th  south  crossing 
4th  aoatta  croniag 
Main  return 


■3 

n 

5 


50 
561 


61- 

65-75 
67-75 


72- 


7S-S 

74- 

74-5 


74- 
72-5 
7S-5 
70- 


A  103 

X6IDp6n|p 

tores  and 
h^mneti^. 

Zm^kv  Wood. 


47i 

5ll 


61- 

64-5 

66- 

70-5 


73-  5 
74- 

74-  5 


73- 
71  5 
71-0 
680 


2-5 
5- 


1-25 
1-75 
1-5 

1-5 


1-0 
10 

1-  6 

2-  0 


13 
17 
21 


SamaAs. 


10 
10 
10 


31  ■  10 178,720 
31  SO '38,850 
31 -45  121,000 
31 -52  jl  1,550 

Sl-5ul  4,500 


31-52 
31-60 
SI -60 


31-60 
31-65 
31-57 
31-33 


4^ 

s,5ao 

12,750 
67^ 


The  pit  was  at  work  when  these  tAt- 
servatioiM  were  taken. 


1,100 
1,270 
I,3S8 
1,450 

1,395 


1,420 
1,388 
1,340 
1,100 


312 
955 
2,296 
2,925 

4,130 


4,332 
4,440 
4,560 


5,638 
6,848 
7,530 
8,750 


No.  2. — OBflEBTATioHs  taken  in  the  Jane  Fit,  Huttom  Seax,  EFn.ETON  Colliebt,  when  Uie  pit  was  off 

work,  2Srd  Oct.  1869. 


Bltortlon. 


Surface  ... 

Ihtau  Aim: 

Main  intake,  shaft  ^ng  - 
1st  north  way  end  - 
6th  south  way  end 
8th  south  way  end  - 
Outbye  side  of  8th  south 
putters'  station 

WOKKUO  FACB  : 

Waggon  way  jud*  • 
drdwestjud 
Hi^bcnd  - 

RXTURN  Aim : 

West  doors       -         -  - 
6th  south  crossing  • 
4th  south  crossing 
1st  sooth  way  mm  - 
Main  return     -  - 


52-5 


57-5 
62-5 
65-5 
67-26 

71-5 


78- 

72- 

72- 

69-5 

69- 


51-5 


57- 
60-5 


10 


63-  25  225 

64-  75  2-5 


70- 


74  5 

73- 

73-6 


1-5 


72-5 

71- 

71- 

68- 

67-5 


I  '5 
|10 
|l-0 
|l-5 
1-5 


3 


.-a 
S. 
8 


■as 


52,200 
28,140 
15^10 
9,000 

3,240 


3,000 
7,620 
1(^800 

i^oeo 

44,550 


29*80 


yds. 


S12 
955 
2,296 
2,926 

4,130 


4,440 
4,660 


5.638 
6,848 
7,530 
8,150 
8,750 


ft. 


1,100 
1,270 
1,388 
1,450 

1,395 


1,420 
1,388 
1,340 
1,870 
1,100 


EoDiavka. 


*  This  was  taken  in  the  goaf 
whoe  there  was  no  air 
passing. 
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1.104 

Tempcvfr- 
tares  and 
hjgrometry. 


No.  3.— Obbbbtatxons  taken  in  the  Cabolihb  Fit,  Main  Coal  Seam,  Efplkton  Colubbv,  20th  Oct  1869. 


Ho. 


SltmUoii. 


3 

n 


Surface  at  4.30  a.m.  - 

Imtakz  An  I 

Main  intake       -      -  - 
1st  north  way  end  - 
5th  north  way  end 
5th  north  way  - 
5th  south  way  end 
Bishop  way  end 

WoaKiMQ    FACz,  where 
men  were  working : 

Bishop  way  end  - 
5th  north-east  iace  - 
5tb  north-west  face  - 
5th  south-eait  face  - 
5th  south-west  face 

Rbtubk  Aie: 

Sth  north-west  return  - 
5th  north-east  return 
5th  south-west  return  - 
Sth  south-east  return 
4th  north  crossing 
2nd  north  crDis<«ut  - 
Bishop  wmy  return 
Top  of  noith  drift  - 
Tt^  of  aoath  drift 


31i 


64 
65i 

65 


64i 

66 

63 

65i 

64 

6Si 

62l 

68 

63 


4 

Difference. 

H- 

1*1 

a  E  i 

!ti 

dnS. 

«  e  B 

■9^ 

5 

Barometer, 

$1 

ill 

■ 

IS  j?  a 

n  ' 

2S 

0 

o 

yds. 

feet. 

31 

i 

•■ 

•• 

•• 

29-60 

42 

2 

.. 

55,440 

110 

850 

48 

2 

30^ 

572 

922 

561 

60i 

2i 

15,792 

1,780 

1,085 

li 

8 

8 

7,800 

2,800 

1,020 

60$ 

2 

4 

4 

1,880 

2,705 

1,008 

58| 

1 

3 

.. 

7,590 

1,960 

860 

64 

0 

7 

3 

2,560 

838 

65 

0 

10 

8 

3,364 

I,p40 

65 

i 

13 

8 

^326 

1,012 

65 

0 

17 

7 

3,365 

1,030 

64 

h 

15 

8 

4,200 

3,480 

1,012 

66 

0 

J2 

8 

5,425 

3,720 

1,040 

62J 

8 

6 

2,500 

2,840 

1,000 

651 

0 

21 

7 

4,000 

3,535 

64 

0 

13,760 

3,960 

988 

0 

15,900 

5,264 

936 

6ii 

0 

9 

3 

4,000 

SfiSO 

860 

63 

0 

28,000 

5,790 

850 

63 

0 

18,000 

5^70 

850 

Bemrka. 


The  fit  wu  at  work  when  titeae 
otoerratioiui  were  taken. 


No.  4. — Ubseevations  taken  in  the  Caroline  Fit,  Main  Goal  Seam,  EffletON  Colliebt,  17th  Oct.  1869. 


Ne. 

Situation. 

1 
CQ 

1 

i 
s 

11 

a- 

^^ 

9 

111 

Quuitit;  of  Air. 
in  Cubic  Feet 
per  Minute, 

Barometer. 

V 

■m 
ill 

8 

.a  JcS 
a 

Remarks. 

On  the  surface  at  4.45  a.ni.  - 
iMTArE  Atk: 

0 

46 

0 

46 

o 
0 

30-12 

yds. 

The  pit  was  not  at  woifc  when 
these  obsemtions  wore 
taken. 

Alain  iolalie  - 
1st  north  way  end  - 
Sth  north  way  end 
Sth  north  face  - 
Sth  south  &ee 

55 

58i 

61 

64 

€3^ 

53 

57 

59i 

63t 

631 

2 
1* 

i 

0 

4 

6 

4 

6 

55,440 

32,750 
13,200 

30-80 

30-  90 

31-  05 
81  05 
31-05 

850 
022 
1,035 
1,020 
1,006 

150 
178 
1,780 
2,800 
2,700 

RzTuxN  Air: 

4tb  north  crossing 
2nd  north  croasinff  - 
Top  of  north  drift 
Top  of  south  drift  • 

641 
64 
63 
63 

64) 
64 
63 
63 

0 
0 
0 

10,800 
12,250 
31,050 
23,100 

31-02 
31-00 

ao-75 

30-75 

988 
936 
845 
845 

3,960 
4,850 
5,790 
5,870 
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JSo,  6^0bbebtatioh8  taken  in  the  "Lady  Pit,  Hntton  Seam,  Elkhorb  Collxbbt,  19th  Oct  1860. 


11 

les  and 
tie  Air 
d  over. 

4 

|l 

Ko. 

SitiMtion. 

i 

n 

1 

i 

:il 

No.  of  Hon 
Poniea  ti 
haa  paue' 

Distance 
Shaft,  In 

1.5 

P 

Rflmarics. 

Suiftce  «t  4.30  ■.m,  - 

0 

38- 

38- 

o 
0 

•• 

29-15 

yds. 

feet. 

The  pit  was  at  work  when  these 
obsemtions  were  taken. 

Surface  at  11  a.in. 

35- 

35- 

0 

29-36 

I}f  TAKB  A  IK  1 

Bank  head  ... 
lit  wuth  mj  end 
2nd  louth  way  end  - 
Ea«t  way  - 

50- 
57- 
61  5 

60- 

48- 

53-5 

60- 

58- 

2 

4 

6 

4- 

5 

24,460 
4.000 
4,000 
6,000 

100 
858 
1,350 
1,760 

866 
894 
EflO 
962 

Voaxnra    face,  where 
men  were  worthing : 

Eait  way  end 

Spout  way  end    .     -  • 

67-5 

se- 

67-5 
66- 

0 
0 

12 
15 

6 
8 

1,860 
2,660 

970 
935 

RnuRM  Aim : 

2itd  louth  return  at  top  of 

5-fathoin  staple 
Spout  way  return 
Spout  way  return 
Snd  nuth  ntum  at  top  of 

old  incline 
Main  retarn,  bottom  of  9- 

fatbom  staple 

es- 

64-5 
65- 

64- 

es-s 

61-  5 
63-5 
64 

62 -  5 
61-5 

i 

1 
1 

U 
s 

12 
18 

4 

S 

4,000 
5^600 
6,090 
21,680 

1.560 
2,924 
3^ 

4,400 

5^ 

890 
935 
941 

871 
850 

A  105 
Tempera- 
tares  and 
h^remetry* 

Mr. 
Lhdtnf  Wood, 


No.  6. — Obbebvations  taken  in  the  Ladt  Pit,  Hntton  Seamftk^OBB  Colliebt,  18th  Oct.  1869. 


Jto. 

SitiuUton. 

Wet  Bulb. 

1  Difference. 

°il 

11 

K 

11 

•si  . 

9^ 

ll 
1^ 

ill 

On  the  surfcce  - 

Intaki  Aia :  - 

35^ 

35 

o 

29-97 

The  pit  was  not  at  work  when 
these     otoKrvatlont  were 
taken. 

Bankhead 

Snd  south  way  end 

East  way 

4Si 

56 
59 

n 

57 

2 
2 

9 

14,976 
11,880 
4,000 

30-78 
30-75 
30-86 

866 
894 
962 

100 
858 
1,760 

Rnvaii  Aia : 

Spout  way  - 

2nd  south  way 

BoUom  of  the  9-&th(»n  staple 

65 

Si 

631 
62| 
68 

H 

2 

5,640 
6,090 
21,690 

30-75 
30-72 
30-60 

941 
871 
850 

3,300 
4.444 
5,880 

No.  7. — Observationb  taken'et  Habton  Colliert,  27th  Oct.  1869. 


13 1 

Quantity  of  Air  in 
Cubic  Feet  per 
Minute. 

^11 

TXo. 

SltnaUon. 

i 

n 

1 

I 

! 

.{ill 

ll 
l5 

t| 

sr 

Bonariu 

Surface      •     -      «  - 
Imtakb  an : 

0 

39 

o 

35 

0 

4- 

*. 

29-50 

yds. 

(bet. 

The  pit  was  at  work  when 
these  obsertatibDS  wets 

uken. 

Bottom  of  pit 
Top  of  drum  bank 
5th  south  way  end  - 

48 
63 
641 

45 

60. 
63' 

3- 

S-5 

1-0 

si 

io 

25,125 
15,000 
5,000 

80 
1,782 
3,168 

1,260 
1,068 
882 

WoaKIHO  FACB  : 

5th  south  face  - 
East&ce     .        .  ■ 
find  south  fiwe    -      -  • 
Drift  wqr  face 

65 
64i 
68 
711 

64l 
64 
67 
70 

•s! 

5 

1-0 
1-75 

39 
50 
62 
13 

16 
19 
23 
3 

1  • 

3,454 
4,246 
8,696 
-  1,826 

882 
900 
924 
1,854 

RnvaK  Alt ; 

North  return      -      -  - 
South  return 

Standage    -      .      >  • 

66i 

67 

66 

65i 
«5t 

66 

10 
1-5 

00 

5,000 
6.800 
7,140 

5,104 
5,280 
6,782 

978 
978 
1,272 

A  little  water  here. 

A  good  deal  of  wtter  In 
this  place. 

18483.      yoi»  IL  B  b 
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Tempenr 
tores  and 

Mr. 
lamdMog  Wood. 


No.  8. — Obseetath>N8  taken  in  the  Hdtton  Seluc,  Monkweakhodth  Coixiebt,  S5th  Oct.  1869. 


SutfiKe      .         -  ■ 

Intum  At*. : 

Bottom  of  J^t,  HuHon  mud 
Big  iMnk*  HaudUn  do«i  - 
Bottom  of  big  banlc - 
Sonth  way,  outl^  idde  of 
puttera*  flat    -         -  - 

WoaKnra  MCKwheremen 
were  working : 

West  aide  gateway  - 

Ewt  ilde  gateway       -  - 

BoUom  of  trouble  - 
BfaliiTaCiim  -  • 

Main  ntmn  at  fbmaee 


1 

I 
1 

1 
1 

Ill 

In 

is 

■Si 

o  £  F 

9 

11 

e 

yd* 

ftot 

O-  OA 

2  2fS 

56'5 

54-25 

2-25 

*  • 

38,250 

82-00 

80 

1,676 

58- 

56- 

, . 

1,080 

1,536 

65* 

58-5 

4-5 

71,500 

1,430 

1,646 

75-75 

71-5 

4-25 

10 

10 

6,000 

^850 

1,638 

81-25 

79-5 

£-25 

Id 

12 

3,256 

1^ 

88-25 

81-25 

1-0 

87 

21 

3^16 

1,640 

80- 

74-5 

5-6 

20,600 

4,500 

1,640 

77- 

74- 

3-0 

83,500 

6,240 

1,536 

77. 

74- 

8-0 

90,500 

7,300 

1,560 

The  pit  ««!  at  mak 
these  obacriatfona 

taken. 


when 


No.  9. — Obsbkvatwhb  taken  at  RvHora  Colubrt,  in  the  Maudlik  Seax,  2nd  Nor.  1869. 


Ho. 

SttuaHoa. 

1 
1 

{ "Wet  Bulb.  , 

11 

ii| 

ill 

Quantity  of  Air  in 
Cubic  Feet  per 
Hinote. 

H 

Banaifea. 

Sur&ce-        .        .        -  - 

50- 

o 

48- 

a 
2- 

yds. 

tL 

iHTAKKAia: 

Bottom  of  pit      -                 -  - 

Engine  landing  - 

OuttiTc  fide  or  putters'  flat  - 

55- 
61. 
69  5 

54-5 
67-fi 
67-5 

.5 
S-5 
2- 

io; 

io 

59,210 
27,440 
6,000 

80 
946 
2,600 

1,524 
1,644 
1,548 

WOUCIKS  MCE  1 

Nora  tide  bord  (under  the  aee) 

78- 

71- 

ei 

16 

2,768 

RnoKM  AI&: 

South-east  return  -         •         *  - 
Main  return  at  Aimace 

75-5 
73-5 

78- 
69* 

2-5- 
4-5 

18,450 

Mio 
6^ 

1,866 
1^84 

No.  10. — Obsbbtatzohs  taken  at  Mubton  Colliery,  HnrroH  Seau,  3rd  Kot.  1869. 


Na 


Situtton. 


s 


"I 


8 

m 


Bwnarti. 


Sarbce 

Imtakk  au  : 

Bottom  of  pit 

lat  engine  landing 

Outbye  aide  of  putters'  station 

WOKKIMO  FACS : 

Bbotton  cross,  cut  way 

RzTUXM  Alt : 

Return,  near  tbe  woridng  Ace 
Uainretnm  •  -  - 
Mdn  retnm,  at  tbe  diaft 


■SO- 5 


70' 


78-5 

71- 

68-S 


fiO-0 


63-5 

69- 

69-5 


73- 

68-5 

68* 


■5 
5-0 
•S 


A 
2-6 


S5  o 


76,160 
24,260 
1,600 


1^ 
15,600 
85,500 


yds. 


410 
2,882 
4,400 


4,532 


4,960 
7,842 
8,777 


ft. 


1,839 
I38S 
1,874 


1,874 


1,874 
1.887 
1^ 
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A. — IGtk  Meeting,  Noon,  Febi^ry  16iA,  1870.  ^  107 

PBESEyT:  1.  Sis  W.  Armstrong  in  Uie  Chair. 

2.  Mr.  Woodhouse  ;  3.  Mr.  Elliot  ;  4.  Mr.  Diokinsoit  ;  5.  Mr.  Geddbs; 
'  6.  Mb.  Fobbteb  ;  7.  Dr.  Febot. 

1.  Hie  nunutea  of  last  meeting,  page  A  81,  were  read  and  ngned  by  the  Ghurman. 

2.  The  papers  printed  from  page  A  97  to  A  106,  were  producecl,  and  the  Seoretaiy  was  directed 
to  add  a  letter  addressed  by  Mr.  Gilbert  to  Dr.  Sanderson  at  page  101  A.  - 

3.  The  Chunuan's  draft  report  was  ihm  read,  and  the  following  note  was  signed  by  the  membere 
present: 

"  Having  carefully  reau  and  considered  the  draft,  and  the  evidence  from  which  it  !a  deduced,  an 
subject  to  any  alterations  which  may  be  agreed  to,  wo  entirely  agree  with  the  report 

«  (Signed)      J.  T.  Woodhouse. 

Thos.  J.  Fobbteb. 
JoHK  Geddss. 
Joseph  Dickinson. 
W,  G.  Abmstronq." 

Dr.  Ferc^  and  Mr.  Elliot  had  gone  away  before  the  reading  was  ended. 

Cc^ea  of  the  draft  wore  sent  to  all  the  members  of  the  Gomminion  on  tbe  10th  of  Febraary  inst , 
No  oommnnioation  was  reoeiTed  from  any  of  them. 

4.  Mr.  Dickinson  produced  a  number  of  records  of  observations  made  by  himself  and  others  on 
temperature  and  hygrometry  in  deep  mines.  He  was  requested  to  revise  mese  papers  and  prepare 
them  for  press.  The  Secretary  was  directed  to  add  them  to  the  Appendix,  and  to  send  proofa  as  soon 
posuble  to  the  Chairman  to  be  considered  in  preparing  a  revised  copy  of  his  draft. 

5.  It  was  dedded  to  meet  again  on  the  15th  of  March,  to  consider,  and  if  possible  to  settle  tbe 
report  of  this  Committee. 

J.  F.  Cahpbell, 

Secretary. 
W.  G.  Abkstrong. 

The  f(^lowiiig  are  tbe  observations  referred  to  in  Minute  4,  which  were  rec<nved  from  the  printers 
and  sent  to  Mr.  Dickinson  on  the  7  th  of  March.  Farther  tables  were  sent  afterwards  to  the  Seore- 
tary  by  Mr.  Dickinson,  and  half-a-dozen  Tevises  were  produced  at  the  meeting  on  tbe  15th  March. 

(^08  Ute  Tabiet  on  page  108  A  «f  seq.) 
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A 108 

Mr. 

Diekiiuon*8  Mr.  Betham's  Section  of  Strata  sank  through  (with  Shaft  16  feet  diameter),  at  Rose  Bridge  Collierieg,  lace, 
Thbles.  near  Wigan. 


Vo.  on 
iiection. 

Description  of  Strata. 

Name  Of  Mine. 

Date. 

Thkkneas. 

Distance 
betwemeaeh 

Depth  from 
Sarlltoe. 

Tempft. 
raturein 
■oUdetnla. 

Uiae. 

1 

J{ 

4 

8 
« 

7 
8 

9 

10 

"{ 

18 
13 
14 
IS 

16 
17 

18{ 

19 

SO 
SI 
88 
SS 
84 
23 
98 
87 
28 
29 
80 
31 
32 
38 
84 
86 

re 

"{ 

88 

»{ 

40 
41 
48 
4S 

M 

45 
46 
47 
49 

-{ 

60 
61 

62| 

"{ 

66 

«{ 
"{ 

88 
00 

eo 

81 
88 
68 

84 
<6 

as 

97 
88 
«9 
70 
71 
72 

78 
1i 

75 
76 

z' 

78 
79 
80 
81 
82 
88 
84 
86 
88 
87 

»{ 

Ootaet  . 

Boil       -        ■  . 

Ctajr         •  ... 

Stroiw  marl  and  boulders 

Okj  rock  and  Ironetone 
Smog  dark  bine  ihale 

Toqr  strong  light  Uue  abftle  (with 

fosdiftoms)  - 
Grej  IVeeBtoiie  rock,  '-nrj  opea,  vith 

Warrant  eartb,  very  soft 
Stroiw  linn  and  vool  • 
Dark  blue  ihale 
Inferior  coi^  and  shale 
Warraat  earth        -  • 

Dofr-tooth  shale  and  kUHb  of  rock  ■ 

Strong  grey  rock  - 

Stronj;  gre;  shafo  and  bands  of  rock  - 

Soft  blue  shale        •  ■ 

Cool,  good        .        .        .  . 

Strong  warrant  earth  • 

Bock  burr  stone  . 

Bhie  shale,  strong  • 

Blue  shal&  soft  ... 

Coal,  Inferior 

Warrant  eKcth,  stnog  • 
Groy  shale,  TM7  strong 

Coal,  inferior 

Strong  grer  shale  and  banda  of  rock  - 
Son  blue  shale       •  ■ 
Black  bass 

Soft  brown  shale        ■         •  . 

Warrant  eartli       -         -  - 

Soft       dale  (wlttiTeBstaUefl3aHas) 
Coal,good  ... 
Soft  warrant  eartb,  mind  with  black 
Bhalerbeda  - 

Strong  bine  shale  and  rock  bands 
StroiJK  linn  and  wool 
Soft  blue  shale         .        .  . 
Black  bass 

Womuit  eartb        .          .  . 
CJoal,  fair  quality  • 
Warrant  earth  > 

Coal        .          •          .  . 

Strong  grey  shale     •  • 

Strong  dark  shale 

Strong  Unn  and  wool  • 
Strong  blue  ah^       >       .  . 
Dark  shale 

Black  basa     -  . 

Coal,  inferior        •          .  . 
Warmnt  earth         •  . 
Coal,  Inferior 

Blue  shale 

Dark  shale,  Jan.  16th  stopped  nising 
headgear,  ftc. 

Warrant  earth  with  seams  of  ooal,  Fe- 
bruary sth,  coinmenoed  with  large 

Black  basa  aad  warrant  earth 
Utfitbloeahala       •  . 

Strong  grey  shale 

Haggyrock 

Btraig  grey  rock  - 

8tronggreyrock.no  joints       -  '  • 

Strong  luin  and  wool 
Strong  blue  shale  - 

Baas  and  coa  - 

Coal  and  bass  9  in,wanwit  earth  0  in. 

Coal,  lUr  quality  - 

Warrant  earth       •          .  . 

Blaokbaaa 

Coal,  rUr  quality 

Strong  grey  shale  • 

Flaggy  rock,  Tory  strong 

Lmn  and  wool       .          >  . 

Ince  yard 

Inco  4  fbet  - 
1  • 

Ince  7  feet  - 

Fomaoe 

•  ■  • 

Pembertonfift 
PemtmtonSft. 

■  • 

*  *  * 

1800. 
JoDoOth 

June  28th 

]  August  9th 

August  23rc 

Sept.  6th- 
Bept.  19th 

Oct.  4th  - 

Oct.  18th 

ifOT.  2nd- 
Nov.  16th 

Nov.  atth 
Dec.  Snd- 

Dec  18th 
Deo.  27th 

1861. 
Peb.  81st 
Uarch7th 
March  2lst 

April  4th 

April  18th 

Uay  9th 

*         «  « 

yds.  ft.  In. 

8  0  0 
0  10 
10  0 

10  8  0 
IS  0  0 

0  8  8 
4  0  6 
0  2  0 

4  10 

9  0  4 
4  10 
OSS 
0  1  11 
118 

3  10 

7  S  S 

10  8 
10  0 

4  1  10 
0  1  11 
0  16 

2  2  0 

a  8  10 

0  8  6 
12  0 
118 

3  16 
0  2  8 
0  2  6 
110 

4  0  4 

8  0  0 
10  8 
0  2  6 
10  0 

6  0  6 

3  0  0 
0  2  3 

7  1  8 
10  8 
-0  18 
2  16 
0  16 
10  0 

11  0  0 
0  8  7 
10  9 

10  2  0 
10  0 

8  2  8 

4  10 
a  2  10 
1)0 
0  16 
0  0  6 
118 
12  0 
12  8 
0  0  8 
0  0  6 

2  2  6 
0  18 
4  0  8 
0  10 

3  0  0 
6  0  0 
0  8  9 
0  18 
0  8  9 
0  0  e 

9  18 
6  1  10 

4  0  6 

0  2  4 

8  0  4 

3  10 
8  0  6 

4  8  0 

2  8  6. 

8  0  0 

G  0  6 

2  0  6 
IS  0  6 

4  10 

2  1  0 
IS  1  4 

10  0 
12  7 

2  0  9 
0  16 
0  19 
0  8  6 
0  10 
12  0 
10  0 
12  0 
110 
6  0  0 
0  2  6 
10  7 
4  0  0 

3  0  0 

4  0  0 
0  8  9 
0  0  8 

yda.  ft.  to. 

n  0  > 

13  0  10 
0  0  9 

16  0  9 

U  1  0 

10  2  0 

12  0  1 

14  0  4 

29  1  1 

23  2  1 

8«  0  4 
S  2  6 

yda.  ft.  in. 

61  0  » 

64  1  7 
70  1  4 

87  0  1 

•7  17 
108  1  4 

180  1  8 
184  1  9 

168  2X0 
186  1  11 

mil 

tte  1  e 

Fahrenheit, 
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No.  on 
Sectiou. 


DBsoripUon  of  Strata. 


Goal,  inferior  ... 
Ooklaodbus  - 
Uoal,  inferior  ... 
W&rrant  etrtii  .  •  •  • 
Blu«  shale  ... 
Oral  and  ^WM  ... 
'Wmrraitit  earth  mixed  with  ooal 
Btroiig  grey  shale 
Warrant  earth  - 
Strong  grey  shale,  vitb  beda  oT  linn 
and  wool  .  .  ■  .  . 
Strong  blue  ^e,  with  layera  of  rook 
StronK  fteeetone  rook 
Black  IMM  ... 
Blueahale  .... 
Goal  .  .  •  . 
\r arrant  earth  • 


HMBeofKine. 


Sate. 


niioknen. 


IMstanoa 
betwBKi  each 
Mine. 


Depth  from 
Surftoe. 


Tempe- 
rature in 
solid  Stnta. 


Coaltgood  .         •  • 
Warrant  earth,  strong  - 
White  rock,  Ycrj  itnmg 
Grey  Hhal© 
Coa!^  inferior  • 
Wamiit  earth,  wait     •  • 
laaa  aad  wool 
Coal  and  bass 

Warrant  earth    •       •  - 
Linn  and  wool       •  • 
Strong  grey  shale 
Coal  ana  ban        •  i 
Warrant  earth  • 
Bhia  abate  (with  feasll  tena) 
Ooalandbasa 
Soft  wanant  earth 
Dark  brown  shale  (with  Ibaril  fttiu) 
Gr^Tock  -  •  • 

Bine  shale  ... 
BrawDahale  .  >  • 
Coal 

Warrant  earth  ... 

White  rock 
Liiui  and  wool 

Bmr  stone  ... 
Flaggy  rock        .        .  - 
Linn  and  wool        -  ' 
Dark  dunn  shale 
Strong  grey  rook 
Linn  and  wool 
Light  blue  shale  and  Ifonctone  banoa 
Dark  shale  (wiUi  fMdi-water  fisnia) 
Blue  shale  • 
Darit  shale  •  ■ 

Warrant  earth  -  • 

Bhie  sbale  (witti  IranatoiM  bandi) 
Coal 

Warrant  earth  ... 
White  rock 

BluesbRle  ... 
Bus,  with  seama  ofooal 
Blue  shale  ... 
Grey  rock  ... 
Dark  shale 
Cool  and  bass  ■ 
Warrant  earth  -  - 
Coel  and  bass  ... 
Warrant  earth 
Blue  shale  • 
Dark  sb&]e         .        .  - 
Blue  shale 

Bock,  with  layen  of  shale  • 
Dunn  shale  • 
Sock,  with  tbiu  layen  of  shale 
Strong  rook  wiUV  Tegetabie  matter 

mixed 
Strong  white  rock 
Blue  shale 
Black  boss 
CoaLSin.;  ahile,  «  iu.;  00al.lyani 

0  ft.  6  iu. 
Wbrrant  earth 
Baas  and  ooal 
Warrant  earth  and  baw  and  coal  mixed 
Linn  and  wool  ... 
Brown  shale  • 
Blue  shale  ... 
StnmK  Linn  and  wool 
Blue  shale,  with  layers  of  dark  shale 
Black  bass  and  fa<onstone  bands 
Coal,  good        .        .  - 
Warrant  earth 

Coal        .        .        -  - 
Warrant  earth 

Goal  and  baas  ... 

StronK  blue  sbale  with  fossil  ferns 

Dark  shale  - 

Strong  grey  shale 

Blue  BiiBle  ... 

Bass  .... 

Coal  .... 

Baw   

Coal  .... 
Warrant  earth        •  - 
Coal  and  warrant  earth  mixed 
Coal  and  bass 


Pamharton^n. 


1861. 
Hay  Snh 


Jtme  ISth 
June  Xnh 


July  26th 


I  Angnat  8tfa 


AnguitlSnd 


Sept.l9tb 


OctSrd 


WiganSltet 


Strong  blue  shale      •  ■ 
Dark  shale  - 

Strong  grey  shalA  with  l^rera  ca  Ifain 
Dark  brown  shale,  witti  layers  of  baas 
Dark  warrant  earth  and  shale 
Coal 

Dark  wanant  earth 
Dark  shale  - 
DaA  layen  of  shale 
Ooal,  £r  quality 
Wanant  earth  • 
Ooalshale     .     .     •  • 
Warrant  earth  • 
Whiterock       •  • 
rock 


Wigaii 


feet 


Wlgau  9  feet 
Inferior 


Bept.nh 


Oct.  ISth 


Oct.  17th 


Got.  31  Bt 


Nov.  ftlh 


Nov.  I4tb 


Nov.  28th 


NoT.SOth 


Deo.  ISth 


Dec.asth 


1868. 
Feb.  6th 


Feb.  Both 


Bb3 


ydi*  ft  in. 
114 
1 
I 

1 
1 
S 
0 

• 

1 
I 

0 
0 

1 
1 
t 
* 
» 

0 

1 

0 

0  10 

0  4 

1  0 

i  0 

0  0  10 
116 


1 

s 

0 
0 

1 

8 

0 

• 
s 

» 

0 

1 
i 

0 

1 

8 
1 
4 

1 
0 
0 
1 

s 


ft  2 

0  a 

0 

s 

s 

4 

t 
1 
t 

7 
0 

1  2 
0  IS 

2  0 


6  8  0 
9  0  6 
8  1  0 
110 


8  I  10 


1 
0 
t 
8 
I 
1 
0 
A 
0 
0 
0 
1 
I 
1 
8  9 
0  8 


15  1  7 

8  0  0 

16  8  0 
10  0 

9  8  8 
•  10 

lis 


810 

1  a 


yds.  ft  in. 
14  111 


150  1  0 


21  0  1 


88  1  19 


^da.  ft  in.  Fahrmheit 


0  7 


44S  1  7 


406  1  8 


«S  0  6 


Depth  fnuB 
Surfeoe. 


yards. 


A  109 

Mr. 
Dickinsou's 
Tables. 
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Alio 

U_  No.  on 

Dickinson's 
Tables. 


DeMripUenofStnrfB. 


Naiiie<ir][liift 


Dite. 


Thiokness. 


DUUnoe 
between  e^oh 
Mine. 


171 
17a 
178 

174- 

175 

17a  j 

177 
178 
179 
ISO 

181  j 

las 

183 

184 
185 
186 
187 

168 


189 


100 
191 
IDS 

losj 

194 

106 

m| 

107 
1»S 
109 
200 

801- 


803[ 

SM 
206^ 

206 
807 
208[ 

209 
210 
811 

212  { 

818 

ai4{ 

2U 

El« 
217 

818|^ 

219 

220 
221 


£24 

22B 


287 


280 
231 
2S8 
883 
284 
2SS 
886 
237 
238 


210 


StronKgnyoliale 


Blue  I 
Du-k  baw 
Uoo  cuiaeL 
Ironstose  bsaa  ■ 
Hoo  ctnnel 
Canaol  - 

Durk  Bton;  baH  > 
Sbtde  Tith  aeama  of  ooal 

Bb88 

Kltw  coal  tops 
Coal  and  shuo 
King  eoal  bottoms 
W&mnt  earth 
Coal 

Boft  wamnt  earth 
Light  ahalea 
Strong  bine  shale 


White  rock  .... 

Strong  blue  metal     .      •  • 

Soft  metal 

Linn  and  wool  - 

Rock  .... 

Uetal  with  brown  Iron  bands  - 

Coal  .... 

Earth  .... 

Coal  .... 

Earth  .... 

Coal  .... 

Coal  and  baaa 

Metal        .        -  . 

Ccolandban  ... 

Oool        -        .        •  - 

Ketal  .... 

Coal  .... 

Dog-tooth  shale  or  warmt  - 

Strong  linn  and  wool 

Strong  metal  with  Iron  bands 

Bass  .... 

Coal  .... 

Wamtst  e»rtb 

Linn  and  wool     ■  • 

Strong  metal  with  Iron  bands  • 

Blaokbass 

Inferior  cannel 

Blue  metal  ... 
Dark  grejr  rook 
Linn  ana  wool 

Strong  grey  metal  and  iron  bands 
Linn  and  wool 

Coal  .... 
Blaokbass 

Dark  dunn  metal  and  iron  bands 
Coal  and  bass  ... 
Soft  metal 

Coal  .... 

Warrant  earth 

Strong  grey  rock 

Flaggy  rock 

Linn  and  wool  > 

Bine  metal  ... 

Coal       -        .        -  . 

Linn  and  wool  ... 

Strong  blae  metal  and  iron  bands 

Dark  dium  shale 

Coal  .... 

Warrant  earth 

Strong  linn  and  wocd 

Dumibass  ... 

Coal  .... 

Warrant  earth  * 


Dark  rock         •  - 

Linn  and  wool  ■ 

Goal  and  bass 

Wairaut  earth 

Basaandooal  • 

Dog-tooth  shale 

Strong  blue  metal 

Strong  grey  rock  wltti  bam 

Btrongmetal 

Coal.uifUior 

Warrant 

Sock 

Blue  metal 
GooklMheD  bed 
Black  boss 

Blae  metal         -  • 
Book 

Blue  metal 
Linn  and  woA  • 
Grey  rook        -  • 
Linn  and  wool     -  • 
Bine  metal 

Black  bass         •  « 

Blae  metal 

Orey  look  mind 

Bluenwtal 

BlaoklMM 

Goal 


Cannal  i 


Baren 


Yard 


Bone  - 


Smith  • 


Ariqr 


uai. 


liarch  Srd 


1868. 
Uaroh  21st 


HajlSth 


July  8th 


August  10th 


Nov.aotti 


1860. 
jran.6U) 


April  nh 
April  ITtti 


fair  14th 


fKm 


Tonpe- 
nturein 
boUd  State. 


yds.  ft.  io. 
10  4 

yds.  ft.  in. 

yds.  ft.  in. 

10  6 

1   1  9 

0  8  7 

0  0  8 

0  0  5 

10  0 
0  18 

90  8  6 

sn  0  0 

0  8  2 

0  0  3 

0  2  0 

1  0  11 

0  16 

10  0 

0  0  6 

10  0 

114 

fi  2  0 

-        .  • 

... 

110 

4  8  4 

112 

10  4 

10  S  4 

S  8  11 

0  0  11 

0  0  3 

0  0  11 

0  0  10 

0  13 

.        ■  . 

... 

0  0  8 

0  0  7 

0  0  6 

0  1  10 

0  0  6 

0  10 
0  4  6 

41  8  11 

sn  1 11 

0  4  8 

3  8  6 

0  16 

0  0  2 

0  10 

6  8  0 

6  16 

0  0  6 

0  0  0 

0  18 

10  6 

8  2  6 

12  0 

3  18 

■               P  « 

•    ■  • 

0  0  9 

0  0  10 

6  19 

0  0  6 

0  0  6 

0  2  8 

n  0  1 

sn  8  0 

0  0  8 

2  0  10 

3  8  8 

10  0 

8  0  0 

0  0  1 

8  0  0 

.     .  . 

... 

18  0  0 

4  0  0 

0  0  4 

8  0  0 

11  0  0 

0  8  0 

0  16 

M  1  8 

716  0  8 

BOO 

8  0  0 

6  8  6 

0  0  9 

2  0  0 

0  0  6 

8  0  0 

SIS 

... 

... 

8  19 

S  1  9 

0  18 

26  0  8 

748  1  4 

10  0 

10  0 

>              ■  * 

9  0  7 

0  2  0 

10  0 

2  0  0 

8  6  0 

8  0  0 

1  2  ir 

8  0  0 

10  0  0 

8  0  0 

*              *  ■ 

10  0 

10  0 

IB  1  0 

4  8  6 

0  0  6 

10  8 

64  0  8 

806  8  0 

8M  2  0 

Depth  Awn 
BniflwcL 


80" 


B9> 


8»i' 
80" 

02° 
OS" 


606 


690 


m 


784 


741 


781 


m 

788 


BOO 
808 


The  tempentare  of  the  strata  was'taken  in  holes  drilled  3  feet  deep  in  the  solid.  The  thermometer  remuned  in  the  hole 
30  miontes. 

Memorandum.— Deducting:  the  9  yards  of  "  outset "  hj  which  the  top  of  the  shaft  is  rused  above  the  sarfiace  of  the 
ground,  the  increase  of  temperature  in  ^ese  observations  of  Mr.  Bryham'g  average  al^oiit  P  Fahrenheit  for  every  55  feet, 
commencing  with  a  constant  temperature  of  50P  at  50  feet  from  the  surfeoD.  'llie  observation  in  tiie  Ailej  Mine^  and  also 
one  in  the  sump  hole  9  yards  below  the  Arl^  Mine,  I  satf  taken,  and  I,  at  the  same  timfe,  had  Mr.  Biy ham's  thamomBtar 
compared  with  my  standard  ones,  and  a  BmaU  o<nreetion  allowed  for.— Jossph  Dickinson. 
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AIR  IN  COAL  MINES. 

Htobohetrigal  Obsertations  by  Mr.  Dickinson,  a  Member  of  this  CommissioDf  assisted  by  the 
Owners  or  Managers  of  the  nspective  Collieries. 

The  following  obserrations  were  taken  with  standard  Thermometers,  tested  at  Eew. 

BOSE  BRIDGE  COLLIKBY,  WIOAN. 
S7th  September  1669. 


All! 

Mr. 
Dickinson's 
Tables. 


When  taken. 


L^fti,  at  Iho  C&nAOl  HlnQ 
#u(o  feet  of  air  per  mlnnte)  ■ 
Sdrtti  Snlit,         CDiik-  ftat 
flrom  Cannel  North  Work- 

Dcnmcut  sbtJt,  at  the  Arloj  Mine, 
10,000  imbic  feet  per  ininule 

BeCumair  from  Ino  lu'w  ArJpy  Work- 
ing       -        -         -         -  - 

Seturn  sir  tnm  the  new  Arloy  Tork* 
fcgH.  rmhint  thiougli  tbe  regulator  S 
Itot  bj  t  incbtn  .         ■  « 

Parti  of  Ifortft  JLeve],  Arky  Mine,  bnt- 
ticed        .        .       .        -  . 


?aM  of  BroT.  Ariey  Uinc,  brattioed  - 
Ikpa  Of  HoatfaLevBl^rlcyMin&bnLltloed. 
Ihfl  RtTKtet«mperaburBbeiD?  in  ft  hele 
S  foct  d«ep  in  tha  owl.  wbiflb  liwl 
been  drill«l  tWrta  IwuiL  tha  dc*1 
baring  bma  wATleed  to  the  ihAa  7D 
hours  previoLul;  -  .  .  . 
In  sump  bottom  of  npout  (J-hjch  nt 
mler  in  batiflmL  Uw  Mir  ommit  i 
nrda  amiuad^  the  tonpantan  of 
QuitntebSstAeBln  afanlalfM 
dtag  ba  ibA  van  w  Un  cr  a  iate* 


Tarda  ftMa  Snrfece. 


Parpen- 
dknilar 
Depth. 


SSfl 

m 

7»7 


Tff? 


Dutanoe 
pasted  by 
the  Air 
horn 
Moathof 
Sit* 


BtrataTem' 
peratores. 


In  Goat. 


In  Shale, 
Ac 


DirBuJb.  Dry  Bulb. 


Air  Temperatorea. 


Time  wben  takoi  and  degreea  Vahrenbeit 


I!  noon. 


1B4I 
SOd 


BOG 
DM 


1100 


U 


H 


12  noon. 


1  P.M. 


130P.X. 


S.F.M. 


G9 


B7 


60 


71 


B8i 


641 


60 


7!4 


76 


i»4 


6Bi 


68 


60 


75 


t» 


70 


6S 


NoTK. — ^The  winding  depth  from  the  seams  is  9  yards  deqier  than  the  abor^  pit  bank  bung  raised  that  haght 
above  the  Banounding  surrace  of  tiie  ground. 

In  sinking  the  pits  the  temperature  at  596  yards  (winding  depth  605)  was  taken  by  Mr.  Bryham,  and  found  to  be 
80°.  It  was  not  taken  at  the  Cannel,  bat  that  seam  being  14  yards  above  would  be  about  79°.  In  10  years  afterwards 
(March  1862),  where  the  ooal  had  been  exposed  to  the  air  for  9  years,  at  a  distance  of  215  yards  from  the  shafts, 
the  temperature  taken  by  him  was  65°,  having  cooled  down  \4°.  On  the  27th  Sept.  1869  (as  above)  the  temperature 
of  the  return  air,  brinj^ing  the  heat  from  the  old  workings,  was  72°,  or  7°  less  than  the  mineral  temperature,  when 
first  sunk  to.    llie  mineral  temperature  in  the  seams  above  has  similarly  cooled  from  exposure  to  the  air. 

In  the  Arley  Mine,  at  797  yards  (winding  depth  806  yards),  the  air  temperature  is  now  from  18°  to  22°  lower  than 
the  mineral  temperature. 

Skxtch  by  Mb.  Bbyhah  <^  the  cuttinga  in  the  Ablby  Mink,  Rosb  Bbidob  Collibrt,  Wigan, 
Sept.  27th,  1869,  when  the  hj^rometoical  obsravations  by  Mr.  Dickinson  were  taken. 
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TEUpxa.LTcaE  of  Am  and  Sibatjl  taken  hj  Mr.  John  Khowles  with  Standard  Tfaerroometers 

tested  at  Kew. 

PENDLETON  COLEJKRT,  near  MANCHESTEB,  LAKCASHIBE. 
SOlh  March  1868. 


Where  taken. 


Yurdfl  troia 
Surfiue. 


Time  vben  taken,  and  Dej^reea  Fahrenheit,  Dry  Bulb  Thermometm. 


On  the  •urflbco— air 

Bottom  of  downoaat 
ahaft— air- 

BeCam  air  from 
wcridnea  rangtna 
bstweon  Biee  and 
798  Tarda  In  per- 
poiaioular  depth  - 


Alons  level  1,000 
nurda  from  the 
dovnlirow,  vliere 
the  voridngavere 
goinc  on  - 

On  downbrov  at 
mtranoe  to  8d 
Bam'alevel,wherfl 
the  work  had  been 
opened  nearlr  six 
years  - 

On  dovnbnnr  at 
•ntranee  to  Mh 
Bam'a  lev^where 
the  WOTk  had  been 
opened,  taj  about 
twoyeara  • 

In  Na  4  level,  UO 
jarda  flKMn  the  en- 
slue  hroir,  where 
the  woA  had  been 
opened  one  year  - 

In  No.  4  level,  400 
yarda  tnm  the 
engine  brow, 
where  the  woA 
had  been  opened 
•ix  montha,  the 
place  bdng  BO 
yarda  fnm  the 
race  of  the  level  - 

In  a  tunnel  that  was 
being  driven  from 
the  Bottom  of  the 
eni^ne  Iwow, 
where  the  eiudne 
brow  had  been 
tinned,  nj  about 
tiro  years  - 

Ditto     ditto  - 

Ditto     ditto  - 

Ditto     ditto  • 


826 


4U3 


788 


788 


788 


738 
7S8 
738 
7)8 


Btt 


72 


7S 


78 


78 


78 


78 


H 
78 


78 


n 


n 


J  !  a! 


78 


78 


78 


n 


78 


78 


fTempnataro  of  air,  849— in  the  coal,  78*— In  the  floor,  77", 
I  „  <B"  »      88"  .  88" 


It 


7** 


74" 


84*. 


UP. 


In  shale,  17  yarda  from  the  Rain's  mine,  W. 

In  fire^Qaj,  68  yards  flrom  the  Barn's  mbie,  7S^. 

In  hard  rook,  8*  yarda  flrom  the  Barn's  mine.  83°. 

In  another  hard  rock.  84  yards  from  tlie  Bam'i  mine,  80°. 


NoTK.— These  obsemtions  show  the  rate  at  which  the  strata  cool  afior  being  exposed  to  the  Tentilatioo. 

JOSIPH  DiCKIHSOif. 

FENOLETON  COUJEBT. 
10th  Sqitember  1869. 


Where  taken. 


Tarda  from 
Surface. 


P(9pcn> 
dioular 
Depth. 


Distance 
passed  by 
the  Air 

from 
HooChof 

Pit. 


Time  when  taken,  and  Degrees  lUirenheit, 


8P.K.  I3.30F.K.'  4F.1C. 

I  I 


5  P.M. 


S.30FJ(. 


I 


fi.«0P.H. 


ej«pj 


On  the  rarllace      •         •  «  • 

Bott<nn  of  downcast  shaft        ■  •  • 

Return  air  ftom  workings,  ranging  between  688  and 
738  yards  in  perpendicular  depth 

Working  place,  face  of  No.  8  Cnunbouke  ien\ 

Do.        do«  past  10  parsons  and  U  safe^ 
bsnpa     •       •         •         •  ■ 

On  tiie  level,  ISO  yards  fh»n  the  ftwe 
At  entrance  to  the  level,  on  the  Cnunbouke  engine 
brow       .       -         .         •  . 

SiMqw  air  at  a  door  between  the  two  engfaM  teows 

WoAbig  phwe,  face  of  KTo.  S  Crombouka  level 

Do.        do.,  after  passing  the  men  and  lamps 
Bottom  of  Sam's  engine  brow,  when  the  toaoel  goes 
to  No.  S  OromhouM  levd      ■       .       ■  • 


788 
788 
788 
788 


B86 
3,800 
8,488 
8,440 
8,286 
8,036 
1,866 
1.465 
1,470 
1J80 


80 


B9 


80 


71 


81 


7S 


70 


78 


sc 
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AiB  in  Goal  Mines. — Htgeometkical  Obskbvationb  by  Mr.  Dickinson — continued. 

Note. — Tt  waa  raining  when  these  observations  were  taken,  and  thunder  commenced  about  3  p.m.  The  shafts  are 
old  ones,  onlpr  about  eight  feet  in  diameter ;  and,  there  being  about  90,000  cubic  feet  of  air  passing  per  minute,  the 
pressure  of  air  in  them  is  great.  The  pxessuve  at  the  mua  doors  sepaiatiog  Hm  two  shafts  at  the  bottom  is  1*2  inches 
of  wBt^  when  the  cages  are  standing,  bat  od^  0*7  indies  when  the  cages  are  running  againBt  the  air  in  the  shafts.  Thp 
shafts  BfS  22  yards  apart.  Tliae  is  a  famaee  and  six  boiler  fires,  as  well  as  t^e  steam  from  the  uodei^;nnind  engines, 
worlud  to  the  ii|ioart  ehaft ;  and  it  is  possible  that  the  ground  may  be  warmed  to  the  downcast  shaft,  thus  aeeoanting 
tot  some  of  the  mereased  temperature  in  descending.  The  air  as  it  goes  into  the  voritings  from  tite  bottom  of  the 
downosit  shaft  passes  the  entrance  to  a  chamber  where  there  is  a  large  steam  engine  at  work ;  and  for  about  30  yards 
thoe  is  a  range  of  steam  pipes  (eovered)  in  the  intake  air.  The  shafts  are  cased  with  iron,  to  keep  out  water,  fbr  about 
1£0  yixds    uie  nppor  part.  Tna  shaffes  and  the  utways  an  quite  dry. 

FBNDLETON  COLLIERY. 
6tfi  October  1869. 


A  113 

Mr. 

Dickinson's 
Tables. 


Wbor*  taken. 


Snrflwe. 


Perpen- 
dicnlu 
Depth. 


OuthssnrflMM      .       •       >  > 

Bottom  (rf  downosit  iluft 
Bstam  sir  fron  inHUngsi  rnnginc  behrttsn  Stt 

mA  738  fudi  in  penMOOloalsr  demth  - 
On  tbe  Barn's  flSRioe  brow,  at  No.  S  lere).  after 

InHaSTOTlefri,  at faSvark,  after  paMiog 
a^tsetleis     .       .      -  . 


Bottamaf  Baa^enfdiis1>R>w,atNo.SleTel  - 
In      4  wert  lefri.liw  Tuda  ftom  lirow  at  but 

opankift  B  isrdi  ftoni  the  hse 
Ata0fluiaoraslen1.1)e]nBiid  thaannvnt,  in 
•olid  ood,whsra  there  are  only  tbe  Isrel  and 
anslrw^     ■       ■       .       .  . 


Blrttnoe 
mwedby 
the  Air 
from 
Month  of 
Fit. 


Time  when  taken  and  Degrees  Fahrenheit. 


Q.30  A..K. 


6S6 

626 

038 

S,600 

m 

l^SM 

m 

UH 

ns 

l.Utt 

7SS 

788 

1,978 

10  I.M. 


10.80  A.H. 


11.30  A.H. 


IKnoon. 


B6 
60 


67 


71 


6S 


SB 


ft? 


SI 


80 


67 


711 


62 


81 


B7 


S3 

fiS 

fl7 

ao 

70 

S3 

78 


FENDLETOST  CX>LLIEB7. 
Tskcn  with  Snlphoric  Ether  instead  Water. 

12th  Febmary  1670  


Vlieretsksi). 


Tarda  flrom  Bnrfhee. 


Perpen- 
Dq>th. 


Ontbenn&oe 

Botinn  of  downosit  diaft 


Diitonce 
pawed  by 
the  Air 
from 
Month  of 
Pit. 


Time  when  taken  ind  Deffroes 
Fahrenheit. 


9.S0  A.x. 


I 


18  noon. 


M 


29 
43 


■8 


WITHNELL  COLLIEBT,  LANCASHXBE. 
1st  and  Snd  October  1669. 


Vhava  taken. 


Tarda  fliom 
Barboe^ 


Peipen. 
dicular 
Deplh. 


Water  in  tmnul  old  woiUng!^  8  to  M  janU 
tedepth  


Alronawsaifhee       ■       .  • 
Air  at  bottom  ofalri^pe  in  new  pit  • 
Air  at  Awe  of  worii  tayoad  the  air  cnrisnt 
Voter  In  nmiplNlinrtliBooal     -  - 
Ttw  witer  at  tbe  Horr  spring  out  of  grttroA 
Water  from  dnln  31  tttX  deep  . 


IS 
IS 

le 


Distance 
prwod  by 

the  Air 
from 
Houthof 
Fit. 


Time  wtwn  taken 
and  Degrees  Fahrenheit. 


40 
4B 

18 


P.lt. 


I 


S8 
H 
M 


CS 
H 
84 

as 

49 


This  oollitry  is  in  the  upper  mountain  mine,  at  about  600  feet  above  the  sea  level.  The  temperature  of  the  strata,  60 
feet  below  the  surfhce,  is  hen  about  47°  Fabienh^it;  which  is  3^  below  tbe  avenge,  the  difference  being  apparently 
Aw  to  the  altitude. 
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ON  FOSSIBIiE  DEFTES  IN  WOBKISQ, 
Air  in  Coal  Mines^Htobohetbical  Obsebtations  hj  JiSi.  JhcKiseoK-'-coniitmed. 

WOBTHINGTON  COLUEBY,  LANCASHIBE. 
5th  October  1869. 


'WhoreUken. 


A  hole  in  the  Hhale, 
Ur.'Wiialcr 


rhen  'flnkfiv,  Ulcen 


A  feeder  of  about  1,600  gftllons  per  hour  of  sftl  ty 
vater  whicli  has  broken  into  the  sinkiiiK 
pit.  In  grit  rock,  at  600  yds.  a  ft.  9  in. 


SnrflMe. 


Perpen* 
dloulu 
Depth. 


Distance 

pasndby 

the  Air 
fhxn 
Mouth  of 
Pit. 


601 


Tims  irtwn  taken  Mid 
Desnei  lUmnluU, 


I 


81 


The  increase  of  temperature  taken  whilst  sinking,  and  before  the  strata  had  time  to  oool,  is  in  thb  instance  at  the  nte 
of  1°  for  each  56  feet,  assuming  a  constant  temperature  of  60>  at  £0      from  the  sniflwx. 


ASTUIT  FIT,  DUKINFIEIJ),  CHESHIBE. 
fitli  November  1S68. 


Where  taken. 


On  the  mrfhce^  damp,  with  ndn 

Bottom  of  downcast  shaft 
248  yards  down,  engine  brow,  in  Black  Mine, 
dippfng  1  In  8  - 


At  bottom  of  engine  toow,  past  lane  lampa 

At  working  hoe  of  north  level,  2S0  yards  fK>m 
the  engine  brow  - 

Near  working  faoe  of  north  lerel  beforo  enter- 
ing the  brattiee  - 

Betnm  air  from  the  above  downbrow  workings, 
ranging  between  672  uid  772  yards  in  perpen 
dicular  depth  below  the  surface 

Return  air  from  the  shaft  level  worUngs, 
nuigiiig  between  e7S  and  no  yards  In  perpeU' 
dioiilar  deirth  below  the  surfHoe 

On  shaft  level,  at  doora  to  fUmace  and  boilers 

Do.,  roshing  into  air  pipe  to  do. 


Yards  from  Surface. 


Perpen- 
dicular 
Depth. 


lOJOlJC. 


Distance 
passed  by 

the  Air 
from 
Month  of 
Pit. 


Time  when  taken  and  Degrees  Fahrenheit. 


I 


672 

678 

746 

1,018 

772 

1,112 

778 

i;t68 

778 

1/40 

782 

091 

2^0 

672 

760 

672 

760 

46 


J 


*    5  !  £  * 


1.0  PJL 


67 


6G 


73 


61 


68 


78 


68 


7S 


78 


The  temperature  of  the  strata  in  the  Astlej  pit,  as  communicated  to  the  Commission,  shows  some  unexplained  varii^ 
tiona  ia  the  rate  of  increase.  At  the  time  the  shaft  was  being  sunk,  Cheshire,  where  the  pit  is  situated,  was  part  of  iDj 
district  as  mspector  of  mines  ;  and  as  I  was  on  a  few  occasions  down  the  pit  whilst  it  was  being  sunk,  and  also  just  as  tt 
was  bott-omed,  and  the  inset  being  made  into  the  Black  mine.  I  am  able  to  give  some  explanation.  The  observations 
during  the  sinking  were  under  the  superintendence  of  the  owner;  the  late  Mr.  F.  D.  P.  Astley,  and  were,  I  believe,  taken 
with  great  care.  But  before  the  shaft  was  sunk  two  of  the  principal  seams  of  ooal  in  the  upper  part  had  been  worked 
away  underneath  it  from  other  pits,  and  lower  seams  had  been  worked  a  long  wa^  from  the  outcrop  down  towards  the 
Astley  shaft.  The  Black  mibe,  for  instance,  had  been  worked  to  within  about  laO  yards  of  the  shaft,  and  about  82 
▼ards  from  the  bottom  a  tunnel  was.  .driven  across  the  strata  from  these  old  Black  mine  workings  to  where  the  shaft 
bad  to  come.  The  strata  also  are  very  steep,  and  it  is  not  a  long  distance  to  the  outerop  of  the  strata.  There  were,  there* 
fbre,  many  ways  in  which  the'heat  may  have  been  let  off 'Before  the  shaft  reached  the  places  where  the  temperature  was 
token.  Since  it  has  been  sunk  the  temperature,  as  may  be  seen  by  Mr.  Wynne's  observations,  has  still  continued  to  coo). 
If  myself,  well  lemember  that  when  the  downbrow  workingi  to  tiw  deep  of  tiie  shaft  were  b^g  first  opened  in  the  Black 
mmc  the  coal  seemed  all  alive  with  fiiedamp,  bunting  off  mtb  erenr  stn^  of  the  pick,  and  nukiii^  the  niual  flsBng 
noiie.   But  now  both  the  fire-damp  and  the  heat  are  to  a  conudenbte  extent  gone. 
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Thmtakaa. 


Tarda  ftom  Snrfiwe. 


dloolar 
Depth. 


Dutaoca 
panedbr 

tlMAir 
trota 
Month  of 

Pit. 


nmfl  when  taken  and  Degrees  Fahrenheit. 


Unoon.  U.25P.K.12J7F.1I.  1.17p.m.  IJIOfji.  L4BF.IC  2.0  P.M.  UOP.V.  S.OP.M 


TximuT  A»  Nook  Fita. 
Onthenrfboe        .        •  . 
Bottom  of  upcwt  ihaft  at  Tj^ldealey 

NOOK  Fn  An  on.T. 
IniirwRirfaie-llMtiDliw  • 


Do. 

do. 

Da 

do. 

ifltura  air  fhnn  eait 

aide 

Dow 

do. 

iMiirfKe<^lenl  • 

Do. 

da 

flue  of  return  level  - 

Do. 

do. 

flue  of  intake  level - 

Do. 

do. 

tomnel  fMim  Orun* 

bouko 

Bottom  of  Nook  downoart  aluft  (wet) 


853 

an 

330 
400 
1» 
400 
400 
4M 
400 


6^10 

SJ40 
8,740 
^489 
8,400 
2,480 
2,000 
400 


71  66 


67  ,  W 


n 


4 

^11 


07 


00 


74  67 


70 


70 


76 


eo 


67 


76 


76 


71 


08 


79t 


75 


S7i 


68  74 


67 


64 


The  downcast  abaft  at  Nook  is  400  yards  deep,  and  the  upout  at  Tyldesley  only  233  yards.  There  is  also  another 
downcast  shaft  at  "^Idesley  233  yards  in  depth.  The  Nook  Pit  air  runs  6,610  yards  to  the  upcast,  and  is  united  wiUi 
the  «r  ficom  the  Tyldesl^  downcast  during  1>660  yards  at  the  end  of  the  ran.  The  Nook  downcast  waa  wet.  The 
temperature  of  the  sir,  it  will  be  seen,  became  cooler  and  nearly  saturated  in  desoendiag.  In  passiag  through  the  decn 
vorkinas  it  rose  in  temperature  and  became  quite  saturated,  fbe  saturation  continued  to  the  lost,  but  in  rising  uphill 
in  the  aWlowar  workings  the  tempenvture  gradually  decreased.  The  6-feet  seam,  in  which  these  ohserrationB  were  taken, 
is  Ibe  same  as  the  Raina  seam  in  the  Pendleton  coUiery,  where,  in  the  deep  woikings,  the  air  is  dry. 

BANK  COLUEBT.  UTTLE  HULTON,  LANCASHIBE. 
6th  September  1669. 


Vbere  taken. 


On  the  furteoe  • 

Bottom  of  do  vnoaat  ib&ft  - 

WorkioK  place  in  oaonel  coal  beyond  the  air  oomnt 
Near  ditto,  bat  in  the  air  onmnt 
Betnm  air  from  eamiel  ooal  workinga 


Tarda  flNHo  Bnrfkce. 


Time  when  taken  and  Degrees  Fahrenheit, 


.  Distance 
FcTpea-. '  pasaedbr 

dicnlar  .! 

Depth.  Honthor 
Pit. 


800 
300 
300 

aoo 


300 
420 
460 

1,000 


I 


IS  noon.   I  UMtm. 


•a 
n 


■i  1 1 
I  !  I 


12J»  PJf. 


00 
04 


62 
OS 


67 


68 


67 


63 


62 


et 


67 


n 


NoTK.— TTie  downcast  shaft  and  the  airways  were  quite  dry. 


LOW-SIDE  COLLEEBT,  OIJ)HAM,  LANCASHIBE. 
I3th  S^tember  1889. 


Tarda  ttoni  SarfluK. 

nme  when  taktoaDdDflsreeaEahienhrit. 

lOJO 

AJC. 

lOJWAJC. 

Wbca«  taken. 

Per-  ■ 
pntdicniar 
Depth. 

Diatanoe 
paasedby 
the  Air 
fkomHonth 

1 
1 

r 

On  the  sarfkce  (raining)  • 

61 

60 

Bottcnn  of  downoast  wet  at  bottom  • 
Warhlagjriace  ia  unior  Bent  Mine, 
near  old  workiBf^    .     .     .  - 

'  164  " 

"le* 

"l64 
"760 

H 

6S 

W 

»  1 

C  c  2 
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ANDEBTOK  HALL.  BLACKBOD,  LANCASHIRE, 
sand  S^tember  1869. 


Tvda  bom  SnrAuift 

Time  wben  taken  and  Degma  Fahnnliatt. 

Diatanoe 
paMed  by 

the  Air 
ttota 
Mouthed 
Pit 

10MA.K. 

ILO  A.K. 

1U0A.IC 

iLSsrjc 

1.6I>.K. 

IMTM. 

ItFJL 

Vhera  taken* 

Fa-pei> 
dicnlar 

1 

1 

1 

1 

K 

I 

1 

i 

1 

1 

1 

WetBnlb. 

1 

1 

$ 

Dry  Bulb. 

WetBnlb.  1 

1 

i 

n 

1 

OntbeBDrfkee        .         ■         •  . 

H 

fil 

sb 

a 

ii 

61 

S2 

86 

a 

sol 

02 

H 

n 

Bottom  or  downcosl  abait,  Arl«T  mine  - 

220 

220 

S6 

H 

65 

W 

New  ditto,  put  an  air  winding  engine 

280 

262 

5S 

H 

SB 

H 

Betnm  air,  23,000  c  ft.  p.  m.,  after  paasdiig  170 
perwmt  with  mteif  lampe,  and  three  pomei, 
in  mMmi^  between  SO  and  MO  jwda  In 

«0 

S,200 

81 

Face  of  lorel,  atr  biattiood  IS  yards 

£20 

S,000 

eii 

01 

Taoe  of  a  riae  driA,  biattioed  M  yanb 

210 

3,100 

es 

62 

Taoe  of  wait  Iem,boUoni(tf  engine  brow  -  - 

SOO 

»0 

6S 

6S 

Vaar  pwt-bole  of  an  air  ODglne  uaed  fiw  ptunp- 
tafwatw  - 

m 

8S0 

44 

BBADLKTFOLD  COLLIERT,  LANCA8HIBE. 
Uth  Septanlwr  1869. 


'Where  tdud. 


Tarda  flrom 
BarfluKi 


Diitanoe 
Perpen-  pasaedby 
the  Air 

from 


dicukr 
Depth. 


Houth  of 


Tbna  wlHn  taken  and  Segraea  HuflBhalt. 


10.15  A.1L 


S 


10J51.1C. 


11. 


UM4 


i 


1L80AJC. 


IMKUL 


Ontheavrikea       .         ■         •  ■ 

Bottom  of  downoaat  ahaft        .       .  . 

Working  idaoe,  in  l(^4bet  old  working!  • 
Airway  fKnB  yard  mine,  before  entering  10-feet 
eldworiu    •       •         •         -  ■ 


■  * 

IW 

lao 

180 

1,700 

IN 

1.6N 

66 


66 


60 


68 


70 


60 


es 


66 


The  downoMt  ahaft  ii  old|  faning  been  aonk  xaxaj  jeen.  Hie  KMeet  miiie  heate  is  tlie  old  workinge. 

WTNNSTAT  COLLIBBT.  BUABON,  BBNBtOBSHIBE. 
IMh  Oetober  1869. 


Hlwn  taken. 


Tuda  flrom 
Snrfkoe. 


P«]MB> 

dknlar 
Depth. 


IManee 
pawed  by 

the  Air 
from 
Moutbof 

Fit. 


Time  when  taken  aod  Degraee  Tahrenbeit. 


SP.1C. 


I 
I 


SJWPJf. 


I 


6.40  PJ 


4P.1C. 


4MPJI. 


A45FJL 


Ontbemrfhoa  •  • 

Bott(»n  of  downcaatahafl       -  • 

On  the  main  ooal  engine  loow,  at  timnel 
At  woifeing  Itttt,  bottom  of  engine  bmr,  after 

paning:  aaren  woridng  plaoea 
Betunt  ur.  at  Ml  Tarda  In  dentb.  flrom  wDiUnga 

ranging  between  sn  and  Ma  Tarda  In  &pth  • 
Batnm  ur,  at  80S  yarda,  from  workings  rangti^ 

between  aoS  and  277  yards  in  d^>tb  ■ 


666 

an 

667 
S» 


eio 

M60 


66 


07 


66 


6t 


86 


64 


67 


66 


66 


64 


66 


86 
66 
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HAFOD  COLLIERT,  BUABON.  D£NBZGHSHIB£, 


lltli  October  1869. 


TardiflTDm 
Bnrftoe. 

Time  when  taken  and  Degreee  PahrenbeiL 

Vlientikfln. 

Distance 

11 1.JC. 

11.20  i.M. 

11.40  AJt. 

18.16  PJt. 

lUOFJf. 

IP.K. 

140  P.M. 

MOFJK 

Pen>en- 
dieular 

puaed  by 

the  Air 
ttwa 
Houthof 
Pit. 

1 

1 

m 

1 

s 

Vet  Bulb. 

1 
1 

i 

n 
IS 

Dry  Bulb. 

1 

1 

I 
I 

Vet  Bulb. 

Vet  Bolb. 

1 
1 

Vet  Bulb. 

87 

«s 

91 

68 

68 

89 

«3 

oa 

84 

a» 

84 

80 

64 

80 

88 

BatlkmmaaaiSattjatdtiml  - 

•M 

97 

60 

68 

66 

VmUng  fhoe,  Kmth  l«TeI  • 

000 

800 

76 

7« 

Betnm  air  fHm  aouth  larel  ■ 

aoB 

HO 

74 

n 

Kain  eoal  moatfalng 

In  upbrow  from  south  level,  4/87  jwda 

deep,  airwaj  ranging  from  that  to 

001  ymrdg 
At  working  faoe  in  ditto,  biattlond 

Myanli  -       -  - 
Betani  air  from  aoath  level  raa<tng 

aaaban         .         .  ■ 

fiOl 
4M 

890 
874 
1380 

86 

63 

66 

04 

It 

70 

6B 

87 
«7 

84 

Obtemtioni  Uksa  hj  Mr.  Webster  show  that  the  temperature  of  the  ttrtta,  token  in  holei  3  feet  deep,  wm 

In  coal.  In  the  floor. 
At334yardB           60°  6?° 
601    „             m°  68** 
635   „             73°  77° 
690  „            78°  74' 

ytVdx  %  oonttant  tempenitum  of  60*  at  60  fbot  from  the  loifaoe,  the  obsemtion  in  the  coal  at  334  yarda  alum  only  an 
iiicreaae  of  1*  for  every  96  ftwt ;  but  as  the  obaemitioa  was  not  taJcen  until  lonx  altar  the  pit  was  annk  the  ooaltlure  had 
endentljr  oooled.  The  obserra^n  in  the  ooal  at  690  Tarda,  which  was  teken  socm  alter  the  pit  had  reaohod  ti»t  deptii, 
is  at  the  rate  of  about  1*  for  each  61  feet. 


GUFTON  HALL  COLUEBT,  near  MANCHESTER,  LANCASHZBE. 


26th  October,  1669. 


Tardifhim 

Vine  wbeo  takot  and  Desraea  VUmnlieb. 

Vberotrten. 

Sietanoe 

0.46  ^M. 

lOJ)  AJC. 

10JOA.M. 

10.40  AJC. 

WM  A.X. 

ISbood. 

Pcvpen- 

jiffwlaF 

Depth. 

p«Hedl»r 
Uie  Air 
from 
Hootliof 
Pit. 

1 

1 

1 

1 

1 
1 

1 

1 

•| 

Vet  Bulb. 

m 

1 

i 

n 

1 

} 

•a 

1 

1 

Vet  Bulb. 

Oathemftoe       .         .         .  . 

4S 

87 

45 

S» 

Doelflvd       •       ■         -  ■ 

4U 

4i0 

81 

47 

OS 

47 

TloidMAaoe  level       .       .        .  . 

588 

6S0 

54 

00 

Taee  of  «Mt  ditto,  pait  so  worfcpenooa 

838 

1.80O 

68 

Setom  air  from  ditto 

038 

8.000 

78 

07 

Hm  shaft  is  sank  to  the  cannd  ooal  at  609  yards,  but  tiie  lower  part  is  at  imaeni  ftill  of  water. 
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Am  in  Coal  Mmfl^HTfl&OMETBiCAL  Obsbbtajiohs  hj  Mb.  Dicaajseov-^ontnuied,. 

VBJUBOD  COLLIEBT»  NEAB  BOCHOALE,  LANCASUIBE. 
10th  December  1S69. 


WbrntiksB. 


Near  top  of  blind  pit,  S  ft.  2tDm  the  floor  utd 

1  foot  flrom  the  mot,  iftar  the  stewn  had 

been  off  li  houn  • 
Ditto  after  the  tteain  had  been  ttmied  on 

aftain  tar  one  honr  and  three  qnarton 
Ditto,  in  the  engine  chamber,  cloee  to  a  hti 

near  the  enginmnan  .  .  .  - 
Hid  way  between  the  shafte,  «  inohea  from 

the  loof  and  Si  ft.  ftom  the  floor 

Ditto,  <  inches  from  ttw  floor 
Bottom  of  ibaft  from  the  Borftue,  at  the  place 
when  the  bookemm  w«1u 


Yards  from 
Surboe. 


Perpen- 
dicnlai* 
Depth. 


100 
100 
100 
100 

100 


Dittanoe 
paasedby 
the  Air 
from 
Mouth  of 
Pit 


Time  when  taken  and  Degrees  yahrenheit. 


12.30  P.M. 


I 


86 


04 

91 


88i 

87 
H 


&SOPJI. 


101 
86 


S.OPJL 


89 


On  Ibfl  3^  of  December,  wfaeD  my  attention  vu  first  called  to  the  state  of  thia  pit,  X  found  tiw  return  air,  wbm  it 
paaaed  for  a  distance  of  about  60  yaras  from  the  top  of  the  blind  pit  that  goes  down  to  a  lower  lerel,  and  the  bottom  of 
the  shaft  tiiat  goes  from  the  snrfitce,  was  in  a  foul  state,  being  little  in  qnanti^  and  impregnated  with  the  Rases  of  the 
workings,  and  not  from  steam  pipes,  &c. ;  the  temperature,  3  feet  from  the  floor  (being  about  the  ptnition  of  the  wcnk- 
persons*  beads  whilst  passing  with  tnxoa  between  the  pits),  was  102°.  It  was  stated  that  work  had  been  going  on 
regularly  for  V  hours  a  day,  and  that  it  had  cured  one  man  of  rheumatism,  llie  3rd  of  Decemba,  when  I  went  down, 
was  fros^.  The  sudden  transition  was  to  me  very  oppressive  ;  and  at  my  suggestion  work  was  at  once  stopped  until  the 
ventilation  could  be  improved  and  the  steam  pipes  better  covered.  In  the  course  of  a  week  this  was  partiy  done,  when  I 
made  the  observations  on  the  10th  December.  Improvements  were  going  on  oAerwards,  whidi  reduced  tne  temperature 
below  8(P,  when  the  pit  became  inundated  with  water,  and  was  stopped. 

JosBPB  Dickinson. 


Tbufebatubb  of  AiB  in  the  Mines,  and  Hygrometrical  Observations  at  Pbndlbton  Colliiry,  Lancasbiu, 
taken  for  Mr.  John  Knowlbb  1^  Thomas  L.  Dickinson. 

Febmary  28th  and  March  let  and  2nd  1870. 

On  the  Surfaor. 


Vebmamnii 
Ibmhlat 


10.0 


11J»  XM. 


18.0  noon. 


58 


HI 


06 
61 


1.0  F.K. 


4B 
16 


2.0  P.K. 


9 


48 


8.0  P.M. 


40 


40P.X. 


64 
62 


40 

«r 


S.OP.H. 


6S 
» 


49 
4S 


8.0  PJC 


61 
48 


m 

49 


i  Bottom  or  Downcast  Shaft,  526  yards  deep. 


10.0 

A-X. 

11.0  AJl. 

1B.0  noon. 

1.0  P.lf. 

1.0  VM. 

8.0  PJL 

4.0  FJf. 

6.0  P  J[. 

8.0  PJL 

i 

4 

Bnlb. 

Bulb. 

Bulb. 

Bulb. 

1 

Bulb. 

Bulb. 

1 

Bulb. 

i 
» 

Bulb. 

Bolb. 

■3 
n 

a 
» 

Bolb. 

• 

p 

1 

1 

S 

1 

1 

1 

1 

P 

1 

Fetamujr  ttth  - 

68 

64 

08 

64 

68 

64 

68 

64 

69 

H 

69 

64 

so 

64 

09 

64 

09 

64 

Manblst       -       <  • 

08 

OS 

OB 

58 

60 

S8 

6» 

68 

69 

OB 

oe 

68 

M 

64 

«0 

M 

« 

64 

Rrtubn  Air  from  the  Wobrinob,  ranging  between  626  and  738  yanU  in  perpendicoilar  depth. 


UyOAJL 

l&Onoon. 

IJlPJL 

UFJL 

8.0  PJt 

A9P.1L 

OLOFJC. 

Q 

i 

-a 

1 

1 

1 

m 

1 

1 

i 

1 

m 

i 

a 

n 

1 

1 

1 

Dry 

1 

1 

1 

1 

Wet 

Wet 

1 

1 

Veteoair  Mil,  Barn's  Betnm 

n 

04 

n 

84 

71 

64 

n 

66 

72 

67 

72 

08 

72 

68 

n 

68 

78 

68 

Ibn  Is^  Ommbcnite  Setrnm 

06 

n 

06 

74 

06 

70 

07 

78 

07 

76 

m 

76 

07 

07 

76 

07 
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RAMS  MINE  (WEST  SIDE). 
Febnuzy  28ih,  1870. 


A  119 

Mr. 
DieldiuMm'fl 


Time. 

DtyBolb. 

Wet  Bulb. 

No.  2  i>Ml,  648  yards  deep. 

11.40 

M 

At  300  yarda  from  ongino  Inow. 

Tanpentme  in  the  coal  3  feet  deep  ..... 
„       on  the  level           .           .             .             .  . 

*    No.  3  Level,  696  yarda  deep. 

72 
66 

58 

1.30 

M 

At  500  jards  from  engine  Inrow. 

-Tompentnn  in  the  coal  3  feet  deep  ..... 
„        on  the  level  - 

78 
72 

• 

66 

2.0 
It 

At  1,000  yafdtf  from  engine  blow. 
Temperature  in  the  ooal  3  feet  deep  ..... 
„       on  the  lard         >              .              .             .  . 

No.  4  LnO,  738  yards  deep. 

82 
76 

70 

3.46 

M 

At  200  yarda  frnn  en^ne  bow. 

TcmpcntonintheeoalSfeetde^           .             .             .  . 
„       on  ^e  1ml  ...... 

76 
69 

60 

4.30 

M 

At  600  yirda  from  engine  brow. 
Temporatrue  in  the  ooal  3  feet  deep                 -           -            •  - 
„       ondMlerel         .             .             -              >  - 

82 
76 

66 

6.0 
5v40 
6.10 
i> 

M 

At  &oe  of  lavd  16  varda  irida.  930  vardt  frran  bmr. 

Temperature  in  the  coal,  3  feet  deep  .... 
„        in  the  floor,     „  ..... 
„       in  the  coal,  7  net  9  inches  deep  ... 
„       on  tiiA  higher  aide  of  lefel  - 
„       on  the  lower  „ 

GRUMBOUKE  MINE  (WEST  SIDE). 

juansn  ittt  to/v. 
No.  6  Lwlf  738  yardi  deep. 

82 
83 
84 
79 
79 

71 
73 

11.30 
12.30 
1.30 

2.45 

At  &ce  of  level,  16  yards  wide.  339  yards  from  tunnel. 
Temperature  in  the  floor,  3  feet  deep  .... 
„       in  the  coal,      „        with  a  UtUe  water  in  the  bottom 
„        on  the  level  (higher  side)  .... 
„                „        (lower  side)  .... 
„        in  tiie  ooal,  12  feet  deep  ..... 

82 
80 
74 
74 
82 

67 
70 

2.30 
If 

At  200  yards' from  tonneL 
Temperature  in  the  coal,  3  feet  deep  ..... 
„        on  the  level  (return  air)  ..... 

No.  3  Level,  661  yards  deep. 

79 
76 

69 

6.0 

» 

M 

5.50 
6.0 

At  &oe  of  level,  16  yards  wide,  780  yards  from  engine  brow. 

Temperature  on  the  kvel  (higher  side]           -  - 
„               „        (lower  side)  - 

„        in  the  coal>  3  feet  deep     -  ... 

„        on  the  level  (higher  side),  the  men  out  fox  half-an-hour 

„       in  ^  floor,  3  6et  deep         .              .             .  - 

No.  4  Level,  683  yards  deep. 

82 
80 
80 
81 
80 

78 
76 

76 

6.30 

6!50 
»» 

At  face  of  level,  800  yards  from  engine  brow. 
Temperature  on  the  level  - 

„       in  the  ooal,  3  feet  deep           .             .              .  - 
„       in  the  floor,    „              .           .           .           .  - 
„       on  the  level  (thia  men  out)        -              .             .  « 

81 
78 
82 
80 

78 
78 

7^ 

At  400  yards  flmm  engine  brow. 
Temperature  on  the  level  - 

76 

n 

Oo4 
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CRUMBOUKE  MINE  (WEST  SIDE). 
March  2Dd.  1870. 

Time. 

Dry  Bulb. 

Wet  Bulb. 

No.  3  Leveh  688  Ttids  deep. 

3.0 

M 

At  flue  of  lesrd,  780  yards  from  eogine  brow. 

Temperature  in  the  coal,  12  fbet  de^  .... 
„        on  the  level      -            -  .... 
„       in  the  eoal.  3  feet  deni,  with  in  hygrcnneter        -           -  - 
„        on  the  level,  with  an  nygpometer  .... 

80 
82 
SO 
82 

78 
71 

3.16 

M 

At  400  yardi  from  engine  brow      ahnoat  shut  off). 

Tempmture  in  the  ooal.  3  feet  deep          .             .             ■  . 
„       on  the  levd  ...... 

No.  4  Leva. 

85 
82 

3.4S 

M 

At  500  yarda  flnm  enpne  brow  (air  almoet  that  off). 

Temperature  in  the  coal,  3  feet  deep  ..... 

on  tiie  levd,  rank  end           •             .             «  . 

88 

OA. 

6.0 

At  tiw  feoe,  800  yards  from  engine  brow. 

Temperature  in  the  ooal,  12  feet  deep,  irith  a  little  water  in  the  bottom  - 
„       on  tiie  levd  - 

82 
82 

The  thermometer  was  in  each  instance  left  half-an-hour  in  the  hole,  with  the  top  of  the  hole  covered  with  day. 

These  additional  strata  and  air  temi)erature8  in  Pendleton  Collieiy,  taken  by  Mr.  T.  L.  Dickinson  for  Mr.  John 
Knowles,  have  been  furnished  to  me  for  the  Coal  Commission  by  Mr.  Knowles.  On  comparing  them  with  those  taken 
by  him  two  years  ago,  and  riven  in  his  evidence,  it  will  be  seen  that,  whilst  the  temperature  in  the  coal  at  the  Atces  of 
the  levels  continues  abont  the  same,  it  is  lower  in  the  parts  passed^  by  and  ezpoaed  to  the  ventilation.  In  tiie  levd,  738 
yards  deep,  for  instance,  the  temperature  at  200  yards  from  the  engine  brow,  when  the  part  had  been  open  tme  year,  was 
80'  in  the  coal.    It  is  now  (two  years  later)  4°  lower. 

The  observations  also  show  that  the  coal  gives  off  the  heat  quicker  thui  the  floor,  tiu  floor  temperature  in  tiie  levels 
being  generally  from  2°  to  4°  higher  than  the  coal.  Also,  that  in  holes  3  feet  deep  in  the  coal,  the  temperature  is  about 
2°  lower  than  in  boles  7i  feet  and  12  feet  deep.  An  hygrometer  put  into  one  of  the  3  feet  holes  showed  that  there  was 
SP  difference  between  th^  wet  and  the  dry  bulb  thermometer,  the  air  temperature  in  the  levd  outside  the  bole  having  1 1° 
difference. 

The  strata  incline  rather  more  tiian  1  in  3.  The  seams  now  being  worked  do  not  crop  out  to  the  surfece,  but  are  cut 
(rff  by  a  feiUlt  on  the  rise  which  throws  down  1,000  yards.  The  collieiy  has  been  ^lened  to  a  depth  of  626  yards  for 
mauy  years.  The  cod  on  the  rise  was  worked  &s^  and  it  is  now  being  got  downbrow  in  snooessive  ranges  by  ei^pn 
plane*,  the  leveli  bdng  driven  first  to  the  boundaiy,  and  the  coal  then  worked  back  to  the  enfrine  planes.  Under  this 
system  of  working  mat  of  the  ordinal  heat  qiparently  becomes  liberated  before  the  ground  is  out  into,  even  in  the 
preparation  levels,  and  tibe  temperature  is  mudi  lowered  where  the  cod  is  bdng  worked  back. 

JOIIFH  DiCEINSOK. 


A,—  I7fh  Meeting,  Noon,  March  15,  1870. 

Present  :  1.  Sib  W.  Abmstbong  ^  the  Chair) ; 

2.  Mb.  Woodbodse  ;  3.  Mb.  Dioeinson  ;  4.  Mb.  Geddes  ;  5.  Mb.  Fobstes  ; 
6.  Mb.  TiviAir;  7.  Mb.  Clabk;  8.  Mb,  Elliot. 

1.  The  Minutes  of  last  Meeting  were  read  and  signed  at  page  107. 

2.  Proofs  of  the  tables  ordered  to  be  printed^  February  16thj  Minute  4,  were  produced. 

3.  Revised  proofs  of  the  Draft  Beport  of  A.  were  given  to  the  members  present^  Avith  reruee  of  the 
diagrams.  Copies  of  these  pnpers  were  kept  for  the  absent  members  of  the  Commission,  who  were 
expected  to  attend  the  general  meeting  on  the  16th.    These  were  sent  to  them  on  the  16th. 

4.  Mr.  Dioltiasim  was  requested  to  put  himself  in  oommunioation  vnth  Mr.  Lindsay  Wood,  with  a 
view  to  visiting  the  workings  at  Monkwearmouth  colliery  together,  to  test  the  accuracy  the  instru- 
mente  used,  and  the  method  of  taking  their  hygrometri(»il  observations. 

5.  The  Beport,  as  altered,  was  improved  np  to  the  words  "  source  of  heat  at  page  6. 

6.  The  following  paragraphs  were  ordered  to  be  printed  and  circulated. 

7.  The  next  meeting  to  be  on  Tuesday,  5th  April,  at  noon. 

J.  F.  Caupbeli., 

Secretary. 

(Signed)      W.  Q.  Abmstbong. 
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A. — ISth  Meeting,  Noon,  April  5,  1870, 

Pbeseitt:  1.  Sir  W.  ABHSTBONa  (in  the  Cfaatr)k 
2.  Mb.  Dickinson;  3.  Mb.  Yiyian;  4.  Mb.  Gedses.. 
1.  The  Minutes  were  read  and  fligned. 
'  2.  The  Secretary  produced  the  papers  ourculated  since  ladt  meeting,  which  are  printed. 

3.  Mr.  Dickinson  produced  the  new  matter  referred  to  in  Minute  4,  March  15th,  in  consequence 
of  whidi  it  was  determined  to  adjourn  till  Tuesday,  May  3rd.  In  the  meantime  Mr  Dickinson's 
new  nuitter  ia  to  be  jnrinted,  and  <lie  whole  of  these  papers,  from  pare  A.  98  to  the  end,  are  to  be 
drcnlated,  tt^^ether  with  a  8pe<»al  notice  calliDg  upon  members  to  attena  the  next  meeting. 

Letters  were  read  irom  Mr.  Woodhouse  and  orom  Mr.  Forater,  approving  of  the  Chairman's  pro- 
posed concluding  paragraphsj  as  circulated  April  2nd,  and  aa  founded  upon  the  evidence  in  the  hands 
of  the  Committee,  up  to  the  latest  date.  It  was  decided  to  adjourn  again  till  this  new  matter  has 
been  dronlated  and  considered  by  the  Chairman  and  the  members  in  Uke  manner.  The  new  matter 
follows. 

J.  E.  Campbell, 

Seoretary. 
(Signed)      W.  G.  Abhstbono. 
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April  5,  1870. 

Air  in  Coal  Mines.— Htgrohetricai.  Obsbrtations  by  Mr.  ThCKonott—eontutued. 

BARDSLEY  COLLIERY,  ASHTON-UNDER-LYNE,  LANCASHIRE. 

21at  March  1870. 


Tfnw. 


DrjBnllk 

WctBalb. 

45 

45 

46 

46 

51 

50 

52 

51 

70 

63 

71 

67 

70 

62 

61 

12  noon 
3.10 
12.40 
3.5 
1.20 
1.45 

2.20 
2.45 


OnthenuAwe 

Do.  -  -  -  .  .  .  - 

Bottom  of  doTncut  shaft,  545  yards  deep  -  - 

Do.  do.  do.  - 

In  the  old  mine  coal,  655  jards  from  bottom  of  shaft,  545  jtida  deep 

Ditto,  200  yards  fiirther,  after  passing  25  men  and  10  trays  workuif?  with  safety 

lamps  and  taking  down  fresh  coal  from  the  face  of  work,  545  yards  deep 
Return  air  from  ditto,  1,446  yards  run  from  bottom  of  downcast,  5'i5  yards  deep 
Return  air  from  the  forcing  or  engine  brow  split  1,860,  east  split  1,200,  and 
west  split  720  yards  run,  tdcen  in  the  drift  where  they  are  mixed  together 
before  the  air  (22,000  cubic  fset)  goes  into  the  upcast  shaft  (the  temiMvatnre 
h«e  is  staifd  not  to  vary  more  than  1°  thron|rhoat  the  year},  545  yards  deep  - 
About  65  persons  are  now  at  w<»k  in  this  seam,  and  it  has  been  sunk  to  for  about  7 
'  years.   The  2-feet  coal,  which  lies  72  j^s  aboTC,  is  also  being  worked  by  the  I 
same  shafts,  but  widi  sepanto  air.  The  strata  incline  m  litue,  being  nearly 
parallel  with  the  suifbce.  I 

BRINSOP  HALL  COLLIERY,  WESTHOUGHTON,  LANCASHIRE. 
22nd  March  1870. 

5.0  p.m,  j  On  the  surhce         -  -  •>  -  -  -  -  j 

S'SO  „    I  Return  air  frun  wnkinga  120  yavda  deep         -        -        -  -  -I 

OAKS  COLUERY,  BARNSLEY,  YORKSHIRE. 
23rd  March  1870. 

2.0  p.m.  I  On  the  surfiue         -  -  -  -  ...  -  . 

4.0   „    i  Do.   

1.30  to  4.0  Bottom  of  downcast  shafts,  285  yuda  deep  - 

In  Bsrnsley  main  bed,  rise  working  ftice,  Inatticed,  down  new  engine  brow,  960 
yards  from  bottom  of  shafts,  300  yards  deep  ..... 
Ditto,  in  level  wor^g  fkoe,  ditto,  300  yaras  deep  ... 
Rettun  ab  ftnm  workings  at  west  side  of  new  engine  brow,  2,230  yards  nm, 
avenging  300  yards  in  dejrth  ...... 

BOWLING  IRON  COMPANY'S  CLECKHEATON  COLLIERY,  BRADFORD.  YORKSHIRE. 

3l8t  March  1870. 

1  p.m.     On  the  raiftce  -----.-Bl 
Return  air,  bettor  bed  coal,  160  yards  deep ;  taken  by  Mr.  F.  Peazce  for  Mr.  Wm. 
Evau  -  -  -  -  -  -  67 


36  1 

32 

64  1 

64 

.^8 

32 

38 

32 

46 

44 

68 

66 

67 

63 

67 

64 

47 
66 


CHAMBER  COLUERY,  OLDHAM,  LANCASHIRE. 
Boyky  Mine,  2nd  April  1870. 


11.30  a.m.   Bottom  of  downcast  shaft,  430  y&rda  deep  .... 
to  2  pjn.    Ist  working  face,  north  level,  on  which  then  is  at  present  water  at  several  places: 
1^360  wds  from  bottom  of  shaft  .... 
Lut  wonciug  Jkoe,  ditto,  past  15  hewers,  1,460  yards  from  bottom  of  shaft 
Woricing  hct,  soutii  lev^  diy,  800  yaids  ftom  bottom  of  shaft  • 
Return  air  ham.  north  level,  2,920  yards  ... 
Do.        south  level,  1,600  yards    .        .        >        .  . 

ToL.  II.  D  d 
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62 

60 

64 

62 

64 

66 
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68 
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AiB  in  CoAl.  Mm(8.«-HTa80ianiioAi.  OnsBSTATieM  by  Kr.  Diokinboxi— eonteed. 

CANNOCK  CHASE  COLUERT,  WALSALL,  STAFEORDSHIRE. 
By  Mr.  Jdm  Brown. 


11 


2JI0pjn. 


9.40  lun. 


No.  2  Pit,  23rd  Much  1870. 


On  pit  bank,  about  500  foet  above  %t»  Isrd  - 
Bottom  of  domoMt  slttft»  ISO  wda  deq>         •  - 

In  workiDgB,air  having  tnvellra  1,300  ^irds  and  about  135  yaidt  below  the  auiftoe 
Retnm  air,  near  &e  ftirnace         -  .     ■  . 

OnpHbank  -  -  i 

No.  3  Fit,  Irt  April  187a- 


On  pit  bank,  about  600  feet  above  sea  level  - 

Bottcnn  of  downcast  shaft,  140  yards  deep 

In  wcakings  700  jarda  from  shut,  and  about  166  yttda  deep 

Betum  air  near  fimaoe  - 

At  npOMt  shaft,     bottom,  below  the  ftunace 


No.  8  m,  2ad  April  U70. 
On  pit  bank,  about  600  feet  above  sea  level       ,  - 

Downcast  and  upcast  shafts,  100  yards  apart;  nearly  a  direct  onmnonloatkm  be- 
tween them,  and  natural  ventilation : 
Bottom  of  downcast 

Do.     upcast  .  .  -  „  . 

Mr.  Brown  states,  that  in  these  Cannock  Chase  pits  there  is  very  litUe  firedamp 
The  ventilation  is  not  powerful,  and  gunpowder  ia  freely  used  throughout  tiie  mines, 

A  disc  oi  cork  was  placed  at  the  top  of  the  cistern  of  the  wet  bulb  thermometer;, 
and  Ae  mirfSaoe  of  the  disc  was  dry  at  each  observation,  the  same  as  m  taking  my 
own.— J.  O. 


DryBnIb. 


36 
.39 
GO 
66 
37 


&4i 

61 

674 

61* 

6U 


46 


49 

63 


WatBrik 


33 
37 
60 
£8 
33 


481 
474 

58 
601 


41 


49 
53 


HimOH  Snui,  Wbabmouth  Colliebt,  MoNKwxAuioirrH,  Dubkam,  March  asth,  1670.— Taken  joluti^  bv 

Mr.  Lindsay  Wood  and  Mr.  Diekinstm. 


BUnaOoo. 
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On  tfae*sarfroe,  noon         -        -  . 

Do.        4  o'clock  pjn.  - 
Bottran  of  dovneast  shaft,  at  noon  - 

Do.         do.       at  4  o*ciook  pjn.  - 
South  way  aid  -         -  - 

iBt  west  way  ead,  ontbye  ride  (tf  potting  sta- 
tion, 1  o'eloA     -        -        -  - 
Do.         do.         do.  8<^cloek 
NotA  flat  of  west  way  .   -      _      .  - 
Bast  tide  gate  way,  last  of  the  air  - 

Do.  do.      oat  of  ur  current 

BotUan  of  IS-fiUhom  tioable 


41 
42*5 
51 
50 
66 

78 
74 
81 
81 
83 
81 


40 
40 
47 
47 
60 

68 
«0 

78 
78 
81 
76 


1 

H 

4 

a 

6 

5 
6 
9 
8 
1 
6 


3S 


Yds. 


2,184 

2,850 
2,850 
8,1X8 
4,030 
4,030 
5,S18 


1,676 
1,676 


1,688 
1,688 
1,646 
1,640 
1.640 
1,640 


SfiOO  gallons  ctf  water  pat  on  Ae  road  per  week,  or  I  gallon  per  yard  pa  week,  to  lay  the  dost 
OnsnvAnoHS  taken  In  the  Hcttom  S&uc,  Smaham  Collubt,  Ddbhak,  by  Mr,  lindsay  Wood,  1st  April  1870. 


Bttuation. 


OnUHBOifiMse      -        -        .  . 

At  bottom  of  downcast  |hsfk  -    _  • 

Bast  way  end        .        .        .  • 

East  way  engine  station,  ontl^e  ride  uf  put- 
ting station         -       '  - 

Bast  flat  sooth  side,  on  last  of  the  rir  after 
passing  the  working  face  -  - 

North  headways  (retom  air) 

Bast  w^  rSlora  ur  -      -  • 


56 

55i 

57 

67 

78 
78 
«0 


51 
68 
MJ 

59 

67i 

69 

7ft 


9 
9 


six 

m 


19 

2S 


50,000 
50,000 

13,000 

5,000 
10,000 


Tds. 

660 

1.850 

2,200 
8.400 
4,090 


1,066 
1,801 

i,99ff 

1,995 
1.851 
1,800 


AB  tiierefoltoftlieseobatfTStioqB,it  t^peaxsto.ioae.thaitheair  in  shallow  ooai  sunes  is  either  saturated  mr  my  bmnid,  bat  iM 
I  dssp  nuaes,  when  die  shafts  and  roads  are  kept  dzy,  there  is  dryness,  which  increases  with  tiie  d«fth  and  temperature. 

Josnv '  DKKiiraoir, 

:    6«h  Aiaril  1870. 
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A.— 19M  Meeting,  Noon,  3rd  May  1870.  A  128 

Pbesent  :  1.  Sib  W.  Abhstbokg  fin  the  Chair) ; 
2.  Mb.  Vivian  ;  3.  Mb.  Klliot  ;  4.  Mb.  Woodeousb  ;  5.  Mb.  Gsddeb  ;  6.  Mb.  Diokhtson. 

1.  The  Minutes  of  last  meeting  were  read  and  signed. 

2.  The  Secntary  produced  sets  of  papers  <nrcuktted  and  sent  to  all  the  m^bers  April  2lBts  as  19^1  ifeet- 

described  in  Minute  3,  April  5th ;  also  a  further  revise  of  certain  parts  of  those  papers  sent  by  the  ing,  May  8, 
Chairman,  of  which  copies  were  distributed  to  the  members  present.  1870. 

3.  The  Committee  then  proceeded  to  reconrider  the  concluding  paragraphs  of  th«r  Bepwt,  which 
were  settled  and  signed  by  the  members  present  The  Bep(»rt  has  bw  plaoed  in  vol  1  with  the 
other  reports. 

On  the  13th  of  May,  Mr.  Ftnnter  audiorized  the  Sooetaiy  to  odd  his  rigoature. 

J.  F.  CaMFBJ£LLj 

SecretiAry. 


CIRCULAR  A.  I.  ! 

The  CommisBionen  appointed  by  the  Queen  to  investigate  the  probable  quantity  of  coal  contained  Cbeular  A,l. 
in  the  coal  fields  of  the  TTnited  Kingdom,  and  to  report  on  the  quanUty  of  such  Coal  which  may 
be  reasonably  expected  to  be  available  for  use  ;  whether  it  is  probable  that  coal  exists  at  workable 
depths  under  the  Permian,  New  Bed  Sandstone,  and  other  superincumbent  strata ;  to  inquire  as  to 
the  quantity  of  coat  at  present  consumed  in  the  various  branches  of  manufacture,  for  steam  naviga- 
tion, and  for  domestic  purposes,  as  well  as  the  quantity  exported,  and  how  iitr,  and  to  what  extent, 
such  consumption  and  export  may  be  expected  to  increase,  and  whether  there  is  reason  to  bdiere 
that  coal  is  wasted,  either  by  bad  working  or  by  carelessness,  or  neglect  of  proper  applianoea  for 
its  economical  consumption,  are  as  follows : 

George  Douglas  Duke  of  Argyll,  Knight  of  the  most  ancient  and  most  noble  Order  of  the  Thistle, 
Sir  Roderick  Impey  Murchison,  Baronet,  Knight  Commander  of  the  most  honourable  Order  of  the 
Bath,  Sir  William  Qeorge  Armstiong,  Knight  Companion  of  the  most  honourable  Order  of  the 
Bath,  Henry  Hussey  Vivian,  Esquire,  H.F.,  Qeorge  Thomas  Clark,  Esquire,  Josei^  I^iokinBon, 
Esquire,  Geoi^  EUiot,  Esquire,  'Hiomas  Emerson  Forster,  Esquire,  John  Gbddee,  Esquire,  Kobert 
Hunt,  Esquire,  Joseph  Beete  Jukes.  Esquire,  John  Hartley,  Esquire,  John  Pen^,  Esquire,  Doctor 
of  Hedidne,  Joseph  Prestwich,  Esquire,  Andrew  Crombie  Bamsay,  Esquire,  and  .  John  Thomaa 
Woodhooae,  Eaqnira 

The  Commissioners  being  anxious  to  obtain  the  opinions  of  well-informed  men  would  feel 
obliged  if  yon  would  &vour  them  at  your  earliest  convenience  with  answers  to  any  of  the  enclosed 
qneBtiona  to  whi(^  yon  may  feel  able  to  reply.  They  fiirther  request  that  if  you  desire  to  give 
any  more  extended  explanation  of  your  views  you  will  give  it,  or  refffl:  to  any  work  which  contains 
the  information.   I  shall  feel  obliged  if  you  will  send  your  reply 

To 

Committee  Room  G.,  Hooae  of  Lords. 
I  am. 

Tow  obedient  servant, 

J.  F.  Oaufbbll, 

Seoretaiy. 


NOTK.— Of  this  Circular,  which  was  settled  F^.  12,  .1.867,  the  following  Qopies  were  distributed : 

Feb.  23.    To  each  member,  26       -          -  -  '       -         -  400 

Feb.  25.   To  persons  named  by  members  to  Secretary         '  -  115 

April  28, 1868.      Ditto                  ditto  -         -  '  10 

May  20.               Ditto                 ditto  .         -  S 

Hay  2a  To  Ur.  Oeddce      -  -        .        .      -  3 

Dd2 
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ROYAL  COAL  COMMISSION. 
QuESTioKs  FOR  WrrNESSES  ON  Possible  Depths  of  Working. 
{Ut)  As  to  the  ificrease  of  temperithire  of  ike  eartKs  crust  in  descending, 

I.  What  opportunities  have  you  had  of  observing  the  ratio  of  this  increase  ? 

%  What  is  the  smallest  depth  from  the  surface  at  ivhich  the  temperature  of  the  strata 
is  unaffected  by  changes  of  atmospheric  temperature  ? 

3.  What  is  the  temperature  at  this  point,  and  how  has  it  been  ascertained  ? 

4.  Commencing  ^m  that  temperature  as  a  datum,  at  what  rate  does  the  tempe- 

rature of  the  strata  increase  with  the  descent ;  and  is  the  ratio  constant  in  each 
particular  sinking,  or  does  it  vary  at  different  depths  and  in  different  strata  ? 

5.  How  have  the -thermometers  been  applied  in  making  the  observations  ? 

6.  What  effect  has  the  elevation  of  the  surface  above  the  sea  level  in  modifying  the 

ratio  of  increase  ? 

{2d,)  As  to  the  effect  of  the  increase  of  the  earth's  temperature  upon  th» 

temperature  of  air  circulating  in  mines, 

7.  What  is  the  observed  relation  between  the  temperature  of  the  strata  and  that  of  the 

air  in  deep  mines  P 

8.  Does  the  temperature  of  the  air  increase  with  lateral  distance  from  the  shaft,  and  is 

this  the  case  independently  of  the  heat  evolved  from  the  men  and  horses  and  the 
combustion  of  the  lamps  ? 

9.  Describe  experiments  made  on  the  temperature  at  different  distances  from  the 

bottom  of  the  shaft  ? 

10.  Is  the  temperature  of  the  air  in  a  deep  mine  nearly  constant,  whatever  the  quantity 
of  air  in  circulation  may  be  ?    If  not,  to  what  extent  does  the  temperature  vaiy? 

II.  Is  heat  radiated  or  thrown  off  from  the  sur&ce  of  drifts  in  workings ;  and,  if  so, 
how  rapidly  will  the  strata  cool  by  exposure  ? 

12.  What  increase  of  temperature  do  you  consider  is  attributable  to  men,  horses,  lights, 
and  other  causes,  exclusive  of  earth  temperature  ? 

13.  In  the  experiments  to  which  you  refer,  was  the  temperature  at  the  surface  taken 
simultaneously  with  that  below  ground  ? 

14.  Would  the  principle  of  preventing  contact  of  the  air  with  the  stiata  by  introducbg 
brick  linings  into  the  air  passages  be  generally  practicable,  and  has  this  metiioa 
of  keeping  down  the  temperature  of  the  air  been  put  in  practice  and  found 
efiectual ;  and  would  the  temperature  be  materiallv  kept  down  by  the  liberation  of 
air  compressed  fi^r  mechanical  nurooses  at  the  surraoe  and  liberated  in  the  mine  ? 

15.  Gould  any  other  methods  be  adopted  for  reducing  the  temperature  in  deep  mines; 
and  if  so,  upon  what  experience  are  they  founded? 

(3<f.)  As  to  the  effect  of  high  temperature  upon  the  Jiealih  and  endaram 

the  miners  of  and  the  cost  of  producing  coal, 

16.  What  is  the  highest  temperature  a  man  in  vigorous  exertion  can  bear  without 
injuring  his  heiuth  or  shortening  the  hours  of  labour;  and  what  would  be  the 
difference  between  working  in  pure  air  and  in  an  atmosphere  containing  nozions 
jrases? 

17*  What  is  the  probable  limit  of  temperature  beyond  which  mining  labour  would 
become  impossible  ? 

18.  To  what  extent  may  excessive^  temperature  be  expected  to  affect  the  cost  of 
working  coal  .per  ton  in  deep  mines ;  and  can  you  state  the  proportionate  cost  of 
labour,  either  oy  increase  of  rate  of  wages  per  diem,  or  decrease  of  workhig 
hours? 

(4M.)  As  to  the  cost  of  sinkings  with  its  incidents, 

19.  Which  is  the  coal  field  as  to  which  you  are  about  to  furnish  particulars  ? 

20.  Taking  the  deepest  shaft  in  the  field,  describe  the  diameter  when  finished ;  the 
water  found,  and  at  what  depth ;  the  strata  in  which  the  water  was  found ;  the 
power  employed,  assuming  33,000  lbs.  raised  one  foot  high  per  minute  to  repre- 
sent one-horse  power ;  the  nature  and  the  depth  of  walling  or  tubbing,  &c.  State 
also  similar  or  other  particulars  applicable  to  any  other  remarkable  sluft. 
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21.  What  is  the  freight  of  tubbing  per  fathom ;  and  how  does  it  increase  with  the  depth,    .  ^25 
pressure  and  diameter  ?  Circular. 

'22.  What  is  the  strength  and  construction  of  this  tubbing  ? 

23.  What  pressure  of  water  have  you  had  to  contend  with  ? 

24.  What  is  the  expense  incidental  to  meeting  with  gas  in  sinking  ? 

25.  What  mode  was  adopted  for  ventilation  ? 

26.  What  is  the  cost  per  fathom  of  all  these  details  and  their  incidentals  ? 

27.  What  is  the  ordinary  cost  of  sinking  and  completing  a  shaft  of  given  width  per 
fathom  in  depth ;  and  in  what  proportion  does  the  cost  increase  with  increase  of 
depth? 

28.  Is  water  equally  liable  to  be  met  with  at  a  great  depth  as  it  is  near  to  the  surface  ? 

29.  What  is  the  greatest  depth  from  which  water  is  or  has  been  pumped  from  any 
mine ;  and  what  is  the  greatest  depth  from  w  hich  it  would  be  practicable  to  pump 
by  an  engine  placed  at  the  surface  ? 

30.  What  is  the  cost  of  pumping  per  ton  of  water,  taking  into  acceunt  interest  on 
capital,  and  all  incidental  expenses  and  liabilities  ? 

31.  What  is  the  greatest  quantity  of  water  which  has  been  raised  from  any  one 
shaft,  and  what  is  the  greatest  proportion  of  water  to  coal  raised,  specifying  the 
height  to  which  the  water  is  raised,  and  the  depth  of  the  pit  ? 

32.  What  is  the  greatest  pressure  under  which  cast-iron  "  tubbing  has  been  ap  plied 
to  prevent  the  influx  of  water,  and  under  what  greater  pressure  would  it  be 
practicable  to  apply  it  ? 

{5th.)  As  to  the  Cost  of  Winding, 

33.  Select  for  the  information  of  the  Commission  the  shafl  where  coal  is  drawn  in  the 
most  economical  manner  without  reference  to  depth. 

34.  What  is  the  depth  ? 

35.  What  the  weight  of  coal  ? 

36.  What  the  weight  of  tubs  ? 

37.  How  many  in  the  cage  ? 

38.  Weight  of  cage  and  chains  ? 

39.  Weight  of  rope? 

40.  "What  is  the  total  weight  ? 

41.  What  is  the  greatest  speed  and  the  average  velocity  in  the  shafl  ? 

42.  Are  the  ropes  round  or  flat  ? 

43.  Are  they  steel  or  iron  wire  ? 

44.  What  is  the  diameter  of  the  puUies,  and  their  weight  ? 

45.  What  is  the  diameter  of  the  rope  rolls  ?  And  are  they  spiral  ? 

46.  Is  the  winding  engine  single  or  a  pair  ? 

47.  What  is  the  size  of  the  cylinder  and  length  of  stroke  ? 

48.  What  is  the  Horse  Power  actually  utilized  ? 

49.  What  is  the  cost  of  winding  per  ton  at  this  shafl  ? 

60.  What  is  the  ordinary  cost  of  winding,  taking  into  account  interest  on  capital,  and 
all  incidental  expenses ;  and  how  would  the  cost  be  affected  by  increase  of  depth  ? 

51.  What  is  the  greatest  depth  from  which  coal  has  been  raised  by  a  winding  engine 
placed  at  the  surface ;  and  how  much  could  that  depth  be  exceeded  ? 

(6^A.)  As  to  whether  there  he  a  limit  to  ike  depth  ft'om  which  coal  can 
be  drawn  hy  mechanical  means, 

52.  What  is  the  greatest  depth  from  which  coal  can  be  drawn  with  advantage  by 
perpendicular  lift  or  by  inclined  plane  ? 

53.  Describe  the  machinery,  size,  power,  weight  of  coal  proposed  to  be  drawn,  weight 
of  ropes  and  description,  tubs  and  cages  ? 

54.  That  depth  being  fixed,  in  your  opinion,  would  you,  to  reach  a  »till  lower  depth, 
sink  another  shaft  with  all  its  appurtenances  at  the  foot  of  the  first  shaft,  or 
would-  you  reach  the  further  depth  by  driving  an  inclined  plane  through  the 

-  strata? 

55.  ^o.  yrhat  extent  cofild^ou  carry  such  plane  in  length  ? 

D  d  8 
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A  126  What  is  the  most  convenient  angle  of  dip  or  gradient  for  working  ? 

57.  Describe  the  size  of  the  machinery,  ropes,  number  of  tubs  and  weight  ?'  - 

68.  Ought  the  sectional  area  of  the  inclined  plane  to  be  great^  than  that  of  the  shafts  ? 

{yth  ^  Bth,)  As  to  practical  limits  of  lateral  working,  and  as  to  the 
influence  of  great  depth  and  great  lateral  extension  of  working 
upon  ventilation,  and  whether  the  s^tem  of  ventilaHoit  by  furnace 
or  by  mechanical  appliances  be  preferable, 

59*  What  is  the  greatest  area  of  coal  which  has  hitherto  been  economically  wcq^ed 
from  a  single  shaft  consistently  with  good  ventilation,  and  safety  7 

60.  What  greater  area  of  c6al  would  it  be  practicable  to  work  from  a  single  shaft,  cx>n- 
sistenUy  with  good  ventilation  and  economical  workmg  ? 

61.  What  is  the  greatest  area  which  could  be  worked  from  two  shafts,  and  generally 
what  would  be  the  proportion  between  the  number  of  shafts  and  the  workable 
area? 

62.  What  is  the  greatest  lateral  distance  from  the  shaft  from  which  coal  is  at  present 
drawn? 

63.  Do  you  consider  the  extent  of  lateral  workings  would  be  limited  by  tiie  cgst  of 
underground  haulage,  or  by  the  difficulty  of  ventilation  ? 

64.  Is  it  a  question  of  current  expense  in  wear  and  tear  of  machinery,  ropes,  &c.,  in 
labour  and  lighting,  in  repair  to  ways,  stretching  long  distances  from  the  ^aft, 
and  in  repair  to  aircourses ;  or  of  interest  upon  capital  for  work  constructed  of 
permanent  character,  by  arching  or  otherwise,  to  secure  ways  and  aircourses  ? 

65.  Supposing  a  case  arose  where  lateral  working  became  necessary  to  an  extreme 
distance,  and  supposing  the  ordinary  mode  of  haulage  be  adopted  for  con- 
venience, could  not  the  starting  point  from  which  the  limits  of  practical  distance 
would  measure  be  extended  from  the  shaft  by  the  construction  of  a  permanent 
tunnel  of  large  dimensions  to  that  point  ? 

66.  What  is  the  expense  of  underground  haulage  as  compared  with  haulage  at  the 
surface  ? 

67*  ^Vbat  considerations  determine  the  quantity  of  air  whidi  it  is  necessary  to  circulate 
throu&^h  a  mine ;  and  what  are  the  &ctvm  quantities  in  any  Instances  you  can 
furnish  of  well  arranged  mines  ? 

6S.  Does  the  increase  of  superincumbent  pressure  due  to  the  increase  of  depth  favour 
the  evolution  of  inflammable  gas  ? 

6d.  Is  there  any  limit  of  depth  beyond  which  no  increase  of  ffas  appears  to  take  place  ; 
and  what  is  the  greatest  quantity  and  pressure  of  gias  which  has  becoi  met  with  in 
deep  mines  P 

70.  Id  practice,  is  it  found  that  the  temperature  of  a  deep  mine  is  materially  lowered 
by  increasing  the  ventilation,  or  by  any  of  the  other  means  referred  to  under  the 
enquiries  as  to  temperature ;  also,  can  any  estimate  be  formed  of  the  increased  quan- 
tity of  air  which  would  be  necessary  to  effect  a  given  reduction  of  temperature  ? 

71.  Is  increase  of  depth  favourable  to  ventilation,  or  the  reverse? 

72.  Would  it  be  necessary  to  increase  the  area  of  the  shafts  and  air  passages  to  effect 
mcreased  circulation,  or  would  it  be  more  economical  to  increase  the  velodty  of 
the  current  ? 

73.  What  is  the  consumption  of  fuel  necessary  to  maintain  by  a  ventilatizig  furnace 
the  circulation  of  a  given  quantity  of  air  under  any  specified  conditions  ? 

74.  What  would  be  the  horse-power  necessary  to  produce  the  teme  effect  by  a  fan  or 
any  other  mechanical  appliance  ? 

75.  Apart  from  the  question  of  economy  of  fuel,  what  are  the  comparative  advantages 
of  ventilating  by  furnace  and  by  machinery  ? 

Miscellaneous  Enquiries. 

76.  Does  the  hardness  of  the  coal  and  other  strata  increase  with  ihe  depth  ? 

77.  Does  the  cost  of  hewing  increase  with  the  depth  ? 

78.  Does  the  proportion  of  large  to  small  coal  obtained  vary  with  the  depth  ? 

79.  Could  difficulties  arising  from  creeps,  subsidences,  spontaneous  combustion,  &c. 
be  economically  avoided  at  extreme  depths  by  a  suitable  system  of  working  ? 
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REPLIES  TO  CIRCULAR  A  1. 


A 127 

Beplieft 


t  Ks.  WBIOHT. 

("  Bmted  "  Jwm  10, 1868.) 
Itt. 

1.  Not  obMTved  at  this  ooDiaqr*  liut  nmlto  in  ooal  mea- 
aurei  ue  well  known. 

2.  30  to  60  ft. 

3.  51°  Fv.  obtuaed  by  obeerratioD  at  Dukinfield. 

4.  V  Far.  fai  everj  84  ft.  uuxeasein  depth,  but  this  vuiea 
in  di&rent  observations,  and  is  probably  caused  by 
change  in  strataj  but  this  increase  is  removed  by  pe 
estabmibment  of  a  good  and  continuous  ventilation 
as  shown  below. 

6.  The  tbennonwter  must  alwan  be  placed  in  a  dry  bide 
out  of  the  air  cninent  to  oVtaiu  the  netuial  tempft< 
ntnie. 

2mi. 

7,  Bzperimente  at  ihis  JDoUiery  show  an  increase  of  only 
1°  from  snrfcee  to  a  depth  of  1,660  ft.  witii  a  good 
ventilating  oonent.  The  increase  in  temperature  irom 
lateral  distanM  is  rery  great  when  a  seam  is  first 
opened,  but  19  quiokly  reduced  when  the  air^ways  have 
been  opened  for  a  fbw  months ;  the  increase  is  gieatev 
when,  m  aiiHvnt  are  curied  through  the  goaf  than 
ijnuHigh  the  Mdia  coal. 

9.  Beeolte  of  eneiiBuirta  at  Slmeoaks  March  8.  1867 : 
Depth  of  p■^  1,560  ft.  j  ducknew  Ham  3  ft. ;  aiMnyi 
fiOealrieM 

Temp,  at  smAoe    -      -      •  4V  Far. 
„    at  bottom  of  shaft.      -42°  „ 
„    at  lOOjHdtfto  do.    45*'  „  raadaincoaL 

„    at  300  49°  „ 

„    at  600  „  60P  „ 

„    at  700  „  620  „ 

at  900  „  64^  ff 

„    at  1,100         „  56°  „  goaf  begins. 

„    at  1,400  „  04°  „  face  of  coal. 

„    at  1,600  „  66° 

«    at  1,600     '    „  68°  „ 

„    at  1.760  .,  70^  „ 

„    at  2,800  „  6fi°       bottom  of  up. 

cast  shaft. 

,No.  2.  split. 

Temperature  at  1,600  yards  from  downcast  in  1  ^^t.  «  _ 
pa^road  atS«  of  coal  -  - 

„  1.750  yanb,  -  -  -  72°  „ 
„  1,950  yards  (3,600  cubicfeet  air)    74°  „ 

No.  3  split 

Temp,  at  Cue  of  coal  1,670  yards  iVom  shaft  72°  „ 

...        T,800    .    „  73P  „ 

1,930        „  .  74° 

Temp.  Sooth  Workings,  Maxch  U,  1867. 
M  at  surface         -        -  4^ 
„   at  bottom  of  shAft        -  43° 
.,  at  360  yards  from  9haft  A%\° 
„   at  560  „  53° 

„  at  620         „  54°  goaf  begins. 

„  at  900         ,.  63^  fiiee  of  coal. 

n   at  960  „  6?* 

„   at  1625  „  68i° 

„   it  1725  „  69° 

„  *t  1820        „    :  71i° 
„  at  2400  „     j  68°  bottom  of  upcast. 

10.  'WlientheairwiTvluTe'oncff'iieccnnB  cooled  the  tern- 
pSMtnie  keeps-veiy  iinif(^.  It  has  been  registered 
daily  at  this  colliery  for  two  ye&rs,  and  there  are  not 
more '  than  2"  variation  between  summer  and  winter, 
whatever  the  ventilating  i^uirent  may  have  been. . 

11.  We  have  observed  a  temperature'of  86°  in  a  close  end 
80  yards  out  of  the  air  current;  but  'this  was  reduced 
to  the  general  temperature. of  about  65°,  a  .few  .days 
after  the  a»  cireulated-through  it. 

12.  6»  to  8"  Fahr. 

13.  Ye^  in  experimeatrmetrtioned  in  puagr^h  9. 

14.  From  apsrieiice  liere  I .  do  not  consider  brick  or 
other  taidi^  will  ever  be  necessary  to  keep  the  air 
oool  in  a  ww  voitilated  int,  except  where  spontaneous 
oombutlMn  is  apprehended;  then  bricks  or  aiwating  of 

.        as  at  Moira,  would  no  doubt  be  desirable. 

llie  quantity  of  ur  compressed  and  applied  under- 
gronnd  iQr  mechanical  purposes  will  probably  always  be 
so  small  in  peopcotion  to  the  whole  ventilation  as  hardly 
to  affiset  the  ge«nl  tempenkuie. 

Dd 


15.  Hie  intake  air  may  readily  be  cooled  in  summer  br  jete 
of  water  going  down  the  downcast. 

16.  B6°witba«>odcaimitof air. 

17.  86°  to  90  Ar. 

18.  We  find  no  increase  of  cost  remits  from  wwking  in 
the  diflbrent  temperatiues  named  in  paragraph  9 
Hie  men  and  hay  work  10  honn  a  day. 

4tk. 

19.  The  Shireoaks  collieiY,  Notts. 

20.  Two  shafts  swik  to  the  top  hard  coal.  For  full  partioa- 
lars  see  paper  read  before  Geological  Society  by  Messrs. 
Lancaster  and  Wright,  and  published  in  Journal  of  the 
Geological  Society,  vol.  xvi.  p.  138. 

21  and  22.  Diameter  of  shaft  inside  tubbing  12  feet. 
Greatest  weight  per  fathom  at  depth  of  180  yards 
12tonsl2owt.  Gist  in  BMmeots  3  ft.  long;  1  ft.  deep. 
Body  |4hs  of  an  inch,  with  strong  brackets  at  back. 

23.  Greatest  pressure  observed.  212lbs.  pear  squaae  hich, 
reduced  to  18(Hbs.  per  sqnare  inch  fagr  intiDdaction  of 
pressure  pipes. 

24.  The  pressure  of  gas  at  back  of  tubbing  necessitated 
the  intRMiuction  of  pressure  pipee  to  relieve  it. 

25.  Undergronnd  famaoe9ft.x8ft.  on  the  ban.  Present 
ventilation  120,000  cubio  feet  per  minate. 

27.  The  water  bearing  strata  were  passed  at  200  yuda,  the 
xemainmg  320  yards  were  oosnpleted  at  tiie  rate  of 
one  yard  per  day.  and  at  a  cost  of  about  102.  per  yard. 

29.  No.  In  the  coal  measures  no  serious  quantifer  of  water 
is  met  with  below  300  yards,  and  I  do  not  know  any 
instance  when  pumps  and  tubbing  have  been  earned 
to  a  greater  depth  than  hece. 

32.  I  do  not  know  a  greater  pressure  than  onrs,  212  lbs, 
per  »qaare  in.  The  tubbing  has  been  completed  9  years, 
and  is  apparently  perfectly  sound.  I  beheve  pits  may 
be  sunk  m  the  coai  measures  beknv  the  wateMiearing 
strata,  to  a  depth  of  1,000  yards,  at  a  eost  not  exceeding 
15/.  per  yard. 

33.  Plwtieulan  of  cost  of  winding  in  the  Upcast  shaft  at 
Shire  oaka  ocdlicrr. 

34.  616  yards. 

36.  24  ewt.,  to  be  Hiertased  ihorUy  to  36  ewt. 

36.  12  ewt.  „  18  „ 

37.  4  „  »  6 

38.  23  owt.,  to  be  increased  shortly  to  31  ewt. 

39.  13  lbs. 

40.  60  ewt.  without  rope ;  with  do.  93^  ewt. 

41.  Greatest  speed,  60  fbet  per  second;  average  do.,  34-6 
feet  per  second. 

42.  Round. 

43.  Steel. 

44.  12  feet  j  25  ewt.,  each  complete. 

 □  


46.  Conical  dram 


H 
XT' v 


46.  Pair  vertical.  . 

47.  32  indies  oylindv,  6  foet  stooke. 

48.  About  308  li  oree  power. 

49. 

61.  686  yards.  Rose  Bridge  colliery,  Wigan.  The  introduc- 
tion of  steel  for  ropes  and  cages,  and  the  conical  drum, 
have  so  reduced  the  dead  welsbt  to  tw .  lifted  that  I 
oondder  tbis  depth  may  be  douued.  - 

m. 

53-44.  No  ^[enendisatiDn  can  be  fj^ren  on  these  points. 
56.  An  indma  (sdf-actina)  of  1  in  12  ' 

58,  I  iatl  the  air  takm.  down  the  shaft  naa  tn  trsvd  along 
OBia  inclined  plain,  the  area  of  the  latttt  dwuld  be  at 
least  i  more  than  the  shaft. 

7th  &i  8th. 

59.  Do  not  know ;  but  know  cases  of  coal  being  sot  safely 
and  witii  good  ventikttion  two  miles  &om  the  bottom  of 
'tiieint.  ■ 
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A  128  6U.  In  a  flat  seam,  tolerably  free  from  gas.  mth  a  good 
Beplies.  wof  and  floor,  I  believe  two  sbafta  dose  together  would 

suffice  for  an  area  of  8,000  acres,  or  a  radius  of  two 
miles  from  shaft. 

61.  This  must  depend  on  the  character  of  the  seam,  roof, 
and  floor. 

62.  I  believe  about  three  miles. 

63.  In  a  good  seam  this  limit  mQ  probably  be  reached  first 
in  ventilation.  I  mm  draw  coal  up  an  indine  of  1 
in  50,  B  distance  of  800  ^^dsj  with  an  endless  rope, 
ait  ft  total  cost  of  Id.  per  ton. 

64.  In  snch  a  seam  as  ours  no  SK^g,  &o.  is  required ;  so 
tihat  the  above  cost  is  in  wear  and  tear  of  ropes  wad 
maohhiarf,  labour,  and  interest  on  caintal. 

65.  I  see  no  occasion  for  a  large  tunnel,  aa  the  present 
systems  of  haulage  are  amply  sufficient  for  a  (UBtance 
of  2  to  3  miles  with  a  good  roof  and  floor. 

66.  With  the  same  corves  and  gradients  haulage  is  leas 
expensive  under  than  above  ground,  where  the  mine  is 
dry  (as  is  the  case  usually  above  300  yards  below  the 
surface)  and  the  roof  and  floor  are  strong. 

68.  No,  the  contraiy ;  but  if  an  explosion  takes  place  ia 
a  deep  mine  it  will  probably  {ceetenta  parUms)  pe  more 
severe  than  in  a  she^ow  mine  because  the  gas  is  under 
sreater  pressure. 

69.  fn  this  pit,  620  yards  deep,  we  have  less  gas  than  is 
found  in  the  same  seam  nearer  tiie  sur&ce.  Gas 
cannot  be  fbuod  in  any  part  the  vorkiDgs,  though 
we  work  (hi  the  long  mil  system,  and  are  6  miles 
from  anv  tuthet  colliery. 

I  wish  most  strongly  to  protest  against  a  general 
limit  to  lateral  working  being  laid  down  in  deep  mines : 
1st.  Because  the  character  of  seams,  as  to  gas,  roof, 
and  floor,  vary  so  much  that  distances  quite 
practicable  in  some  cases  would  be  impossible 
with  safety  or  commercial  sucoess  in  others. 
2nd.  Because  such  a  law  would  become  more  in- 
supportable eveiy  year,  as  the  cost  of  sinking  ia 
increased  by  depth  and  the  employment  of  cast 
iron  tubbing. 
3rd.  Because  government  inspectors  can  now  proceed 
against  coal  owners  where  ventilation  is  inefficient 
or  dangerous,  and  can  by  arbitration  eufcffce  more 
shafts  or  a  discontinuanoe  of  workings. 
71.  Our  results  show  how  mataially  the  nature  tem- 
perature is  reduced  by  good  venlmtion. 

71.  FftTOurable  irith  furnace  Tentilation. 

72.  Better  to  increase  the  number  of  splits  or  area  of  ur 
courses  than  to  increase  the  velocity. 

73.  We  consume  6  tons  of  alack  in  24  hours  to  obtun 
100  to  120,000  cubit  fetA  of  air  per  minute.  Furnace 
8  ft.  X  9  ft. 

75.  The  great  advantage  of  furnace  ventilation  is, —  (I)  its 
great  nmplicity ;  ^2)  its  being  effective  for  many  hours 
after  the  furnace  is  put  out,  while  mechanical  ventila^ 
tion  ceases  instantly;  (3)  ^e  focilitr  of  winding  in 
the  up-cast  shaft  wil^ut  in  uty  degree  interraing 
with  the  ventilation. 

We  here  raise  350  to  400  tons  per  day  in  the  up-cast. 

SGtcdkmeoui  Enquiriet. 

76.  No. 

77*  Not  in  this  seam  of  coal.  The  coal  is  easier  to  get  hen 
than  in  any  pit  I  know,  and  this  is  the  deepest  by  at 
least  100  jtidt  at  all  colleries  workmg  the  Bsnudey 

thick  cool. 

78.  Proportion  of  small  is  rather  increased,  but  this  always 
depends  on  the  nature  of  the  roof  and  floor. 

C.  Tylden  Wbioht,  F.G.S. 

Shire  oaks  Collieiy, 
Woiksop. 


Sir, 


2.  Mb.  KENWOOD. 

("Revised"  June  10, 1868.) 

3,  Clarence  Pkoe,  Penzance, 

1868,  May  14th. 
I  am  honoured  ynih.  your  letter  of  the  30&  ultimo, 
deriring  me  to  appear  before  the  Coal  Commisnon  on  the 
2001  instant,  or  to  supply  in  writing  such  inftmnation  as 
I  may  possess  on  the  suoject  of  their  inquiry. 

As  it  is  inconvenient  to  me  to  accept  the  first  of  your 
{Hoposals,  I  will  endeavour  to  comply  with  the  second. 

The  only  part  of  yoiir  investigation  on  which  I  may 
possibly  afford  information  it  "as  to  the  increau  qf  tempera- 
tmt  t^th9  wth*9  cnut  i»  iaewdiiiig,"  Evon  <m  tiiis  my 


experience  may  be  of  little  or  no  use  to  you,  as  it  has  been 
confined  to  metalliferous  mines. 

(o.*)  (l.t)  Mj  "  opporttauHes  of  observing"  have  been 
during  persona]  inspection  of  between  four  and  five  hundred 
mines,  situate  in  various  parts  of  Cornwall,  Devon,  Wales, 
Ireland,  the  Channel  Islands,  France,  the  United  States, 
Chili,  Brazil,  the  West  Indies,  and  North-weatem  India; 
and  the  mines  have  yielded  copper,  tin,  lead,  antimony, 
iron,  manganese,  nlver,  and  gold.  My  obaarations  m 
Cornwall  and  Devon  number  nearly  four  hundred,  and  to 
these,/or  the  present,  I  wish  to  ooimne  myself. 

(i.)  (fi.)  It  is  not  easy  to  devise  an  unexceptiomd  mode 
of  asoertuning  the  tempeisture  nattiral  to  any  given 
spot  underground.  The  temperature  of  the  air  in  mines 
is  affected  not  only  by  the  presence  of  the  workmen,  the 
combustion  of  candles,  and  the  explosion  of  gunpowder, 
but  also  by  the  warm  or  cold  ur  brought  from  the  surface, 
and  by  the  varying  directions  and  velocities  of  the  cur- 
rents underground,  which  are  more  or  less  influenced 
by  changes  of  mnd.  The  temperatures  of  the  rocks 
forming  the  sides  of  the  shafts  and  levels  (galleries)  must 
to  a  certain  extent  partake  of  the  temperature  of  the 
air  circulating  through  them,  and  of  course  be  affected 
by  its  changes.  Tae  temperature  of  pools  qf  water 
in  the  levels  must  he  modified  by  the  same  influences, 
and  probably  also  rused  by  the  workmen  standing  in 
them.  For  these  and  other  reasons,  and  after  consul* 
tation  with  others  engaged  in  the  enquiry,  I  Uiought  it 
beat  to  confine  my  observations  aa  much  as  possible  to 
streams  of  wmter  issuing  immediatejy  from  the  unbndEen 
rock.  To  this  it  may  be  objected  that  some  streams  sre 
intercepted  in  their  descent,  others  in  theif  ascent,  and  tiiat 
they  indicate  rather  the  temperatures  of  their  previous 
channels  than  of  the  points  at  which  they  issue.   I  admit  it. 

(c.)  (4.)  That  the  natural  temi>erature  of  the  slate  (Kiilas) 
was  highn  than  that  of  the  granite  at  the  same  depth  had 
long  been  generally  believed  by  the  miners  of  Cornwall  and 
Devon ;  but  it  was  not  proved  by  thermometrial  obser\'a- 
tion  until  1836.|  During  several  ensuing  years  additional 
facts  modified  some  of  the  pRrticulsrs,$  but  oonfiraied  tiie 
graeral  conclusion.]! 

Mem  temperatvres  of  nearly  equal  depths  in  the  granite 
mtd  ^ate  rocks  of  Cornwall  and  Devon. 


Gnoite. 

Slate. 
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OS- 
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65-7 1 

J74- 

78-17 

nOaaidberoDd  - 

2«- 

76-15 

241- 

sg'M 

IfeaiiB 

u- 

ao-ss 

ue- 

The  first  of  these  statements  (in  1836)  shows  as  clearly  as 
the  last  (in  1843)  that  the  ina-ease  qf  the  temperatwre 
wUh  the  d^h  i$      oAsays  in  the  same  ratio. 

The  following  columns  show  the  increased  depth,  in 
&thoms,  necessary  to  produce  an  elevation  <^  one  degree 
in  the  temperature ;  assuming,  with  Mr.  Fox,  that  the  mesn 
temperature  of  the  surfiwe  in  C(«awall  is  50°.** 


Deptlu. 

Granite. 

Slate. 

Burftwe  to  SO  fittuHDs   >       *  - 

Vatboma. 

9-3 

Fathoms. 

«-o 

WtolOO    „  ... 

O'l 

7*1 

lOOtolM    „        .       «  • 

8-S 

8*S 

ISO  to  200    „           -        •  • 

-n 

4-4 

no  llittunaB  and  beyond 

7-8 

S'S 

KesiiB 

.. 

*  The  Utters  dmoto  tbe  variona  parts  of  my  own  ststsmentSi 
t  The  fiRUTM  indicate  tbe  several  Intcnogstorlas  of  tbe  CcBnaiis- 
skmers. 

t  RtamnA.— Thomson's  Beeorde  of  Genena  BeUnee,  W.  (t8S6).  p.  19B. 

I  Henwood.— Aportt  ^f  Ae  BrmOi  Asso^atum.  ri.  (t8S7),  Vut  IL, 
p.  80. 

II  Henwood.— nioMMMoM     the  Soj/at  Oedtogical  SocUtt/  <tf  Com- 

*°Y^?om  flva' Jbaervatkma  only.  _  _ 

**  Fox.— SVwuoetioM  qf  the  Bovat  Qeological  Soeietg  of  Cormoe^ 

iU.,p.8B«.  aeportstiftheBri^AMoeiatim1atVm,^iilk 
tf  Fire  otisemUmu  only  are  remded  at  tbis  borisoB. 
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The  ratios  at  which  the  temperatores  increase  with  the       The  several  mining  districts  of  ComvaU  and  Denm  an      A  129 
depths  differ  ai  much  in  the  loms  and  eron-vaiu  u  in  the     separated        one  another  loj  tracks  of  barren  or  oompaim- 
rocks.  tivelf  unproductive  roclLS.  Bepliea. 

nefollowinff  coltmma  $kow  the  mean  temperatures  of  the  different  districts  at  nearly  corre^onding  depths,* 
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beyond. 
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It  has  not  been  attempted  here  to  separate  thetempera- 
tures  of  the  different  rocks  from  those  of  the  lodn  and 
croM-veiMi  this,  however^  was  done  in  the  orif(in&l 
memoir,  J 

{d.)  (11.)  Rapidity  <if  cooUng. 

At  Ea^  Wheal  Crojty  and  at  Wheal  Vor  the  spots  which 
had  formed  the  bottoms  of  their  respectiro  mines  when 
first  examined  were  found  to  have  eotded,  when  re-examined 
after  shafts  and  (gslleries)  levels  had  been  opened  near 
them  to  greater  depths. 

JSaj<  Wheai  Crafty,   In  Greenstone. 


Holes  were  bored  to  a  depth  of  two  feet  in  the  racks  which 
fbrm  tiie  sides  (woZbl  of  the  lodes,  some  days  before  the 
hereafter-mentioned  observations  were  made. 

Durinfi;  my  visit  to  the  mines,  observations  on  the  tem- 
perature of  air  at  the  surfoee,  made  eight  times  a  day  in  ^e 
shade,  showed  a  range  of  firom  ^-b"  to  66*5°.  aud  an 
average  of  49-5°. 

Colorado  Mine.'** 
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1840.§ 
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In  all  cases  the  (newer)  deeper  were  warmer  than  the 
(older)  shallower  bottoms. 

To  what  extent  the  rocks  in  the  shallower  level*  may 
have  cooled  laterally  was  not  ascertained. 

The  isolated  mountuu  of  Cha&arcille  in  Chili  rises  some 
fonr  thousand  feet  above  the  Pacific,  and  nearly  two  thou- 
sand above  the  plain.  It  consists  of  di(»ite  and  limestone  in 
alternating  beds,  all  which  are  traversed  by  ulver  lodes. 
Several  minea  are  wrouf^ht  to  depths  exceeding  two  hundred 
fathoms,  but  tlic^  receive  littie  or  no  water. 

*  Hnwood.— aVmiMeNoMf  nf  tlu  Banal  Oeoloffical  Society  of  Corit- 
«M^T.,p.4es. 
t  rRUU  irinrie  obiemtlona  only. 

i  Haawood.— 3VaiMtMMeM  f  Atf  Sogat  Otological  Socittj/  ^  Com- 
woS,  r.,  p.  402. 

iUeowood.— TUd.,  r..  p.  SOS. 
Hanwood.-JMdL.  r.,  p.  SSfc 
Henwood  (Vnaaa).—Btport  t^O*  JBo|Ut  ZnsMuUoH  of  CormmiU, 
til.{USS),p.SSt  AtmaUa  d»§  Mines, 

16408.     ToLlI.  Ee 


I  ^  *  ™„nrK.o  mvi  w  luose  or  my  oDservations 
which  have  been  already  published ;  I  have,  however,  many 
other  results,  but  the  time  to  which  you  limit  me  is  insufli- 
cient  for  their  proper  arrangement.  It  may  be  almost 
superfluous  to  mention  that  much  other  detail,  as  well  hv 
other  persons  as  by  me,  on  the  same  subject,  will  be  founti 
m  the  Jnuales  des  Mines,  the  Philosophical  Magazine,  the 
TVansac^s  of  the  Royal  Geological  Society  of  Cornwall 
the  ^nals  qf  thilosimky,  the  Ediaburgk  Journal  of  Science 
the  SdhOnrgh  New  PhUosopkieal  Journal,  the  Reports  of 
the  British  JssaciaHon,  the  Raorts  of  the  Royal  Cornwall 
PW,  Society,  the  PkUosophtcnl  "UraHsaetions,  and  in 
othw  irorka;  hut  to  have  metfaodixed  them  all  would  have 
invi^ved  tbe  preparation  of  an  essay  on  flubtemnean 
temperature, 

I  have,  &c. 

.    ™    «       t  «  «  WlLUAM  JORT  HIENW03D. 

J,  F.  Campbell,  Esq., 
Secietaiy. 

3.  lU  HECEELS. 

(**Rem»ed*'  June  10,  1868.) 

(Ist.)  As  to  the  iumase  of  tempcmture  of  the  eareh'a 
crust  in  deseendiiig. 

1.  Various.  In  the  shallowest  and  deepest  of  coal  pits 
in  the  counly  of  Durham,  - 

2.  Cannot  say. 

-ft  At  (his  spot  a  veiT        drught  prendMr^ 
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A  180        3.  Cannot  ny. 
4.  Do. 
Beplies.  5.  Do. 

6.  Do. 

(2Dd.)  Ab  to  the  effect  of  the  increase  of  tbe  earth's 
temperature  upon  the  temperature  of  air  ct^ 
dilating  in  mines. 

7.  At  Wearmouth  Colliray,  where  the  depth  is  about 
300  fathoms.  At  180  ^thorns  ^m  the  surface,  at  the 
bottom  of  the  downcast  shaft,  the  tmperatttre  the 
Mtraia  at  Midsummer  1866  was  59^^  and  at  Chxistmu 
1866  was  blh". 

At  1.400  yards  fkimahaft,  and  ai  ahout300  fathoms 
below  the  surface,  the  teiMenOiirt  the  drata  at 
Midsummer  1866  was  72i°  and'  at  ChristmaB  1866 
was  72°  nearly. 

At  ftoe  of  vorkingt,  at  about  3,600  yards  from 
nbaft  and  300  fothoms  bdow  the  surface,  the  ten^era- 
lure  of  ihe  gtrata  at  Midsummer  1866  was  SP  nearly, 
and  at  Christmas  1866  was  81°  nearly. 

At  180  fathoms  from  the  surface,  at  the  bottom  of 
tlie  downcast  shaft,  and  in  the  air  curreitt,  the  tempera- 
ture at  Midsummer  1866  was  60°,  and  at  Chriscmas 
1866  was  43P. 

In  main  air  course,  at  about  1,400  yards  from  shaft, 
the  temperature  at  Midsummer  1866  waa  TQi",  and  at 
Christmas  1866  was  62i°. 

At  face  of  workinffs  about  2,600  yards  from  shaft, 
the  temperature  at  Midsummer  1866  was  S3l°,  and  at 
Christmas  1366  was  781*^. 

The  above  temperatures  are  the  averages  of  those 
taken  in  the  several  places  mentioned,  about  noon, 
on  14  consecutive  days,  when  the  average  tempera- 
tures above-ground  were  respectively,  at  Midsiunmer, 
in  ihe  sun  72i°,  in  the  ahside  63^*^;  at  Christmas,  in 
the  snn  34i°,  m  the  shade  31°. 

8.  See  answer  to  No.  ?• 

a.  Do.  The  temperatures  of  the  strata 

were  ascertained  by  placing  the  thermometer  in  a  hole 
drilled  laterally  4  reet  into  stone  at  180  fiithoms  from 
the  surface,  and  into  holes  drilled  laterally  the  same 
distance  into  the  Hutton  cool  seam  at  1,400  and  at 
2,600  yards  from  the  shaft,  at  the  d^h  of  about  300 
fiithoms  below  the  surfiice,  as  stated  above. 
10.  No.  It  is  not  constant,  but  varies  with  the  quantity 
of  air  in  drculation,  and  with  the  number  of  men, 
horses,  and  ponies  employed,  and  the  number  o£  lights 
used.  This  is  obvious  from  the  fact  that  whilst  the 
maximum  ascertained  temperature  of  the  strata  at 
Wearmouth  is  81i°,  the  highest  temperature  of  the 
air  reaches  84 

11.  Heat  is  doubtless  thrown  off  when  the  atmosphere  is 
below  the  tempBratura  of  the  strata.  Cannot  si^  how 
rapidly 

12.  See  answer  to  No.  10. 

13.  Yes.   See  answer  to  No.  7. 

14.  Do  not  know  of  brick-liidngB  ever  having  been  used. 
They  would  not  {fferent  increase  of  temperature.  Air 
forced  into  the  mine  by  mechanical  means  would,  I 
think,  tend  to  keep  down  the  temperature. 

15.  I  know  of  none  practicable  but  those  already  adopted. 

(3rd.)  As  to  the  effect  of  high  temjieiature  upon  the 
health  and  endurance  of  the  mmers,  and  the  cost 
of  produdng  coal. 

16.  Eighty  degrees  can  be  worked  in  with  a  considerable 
degree  of  vigour,  without  ii^ury  to  health  or  shorten- 
ing the  hours  of  labour,  if  the  ur  be  tolerably  pure, 
and  moving  at  about  five  lineal  feet  per  second.  Can- 
not apeak  as  to  diffierenoe  between  working  in  pure  air 
and  in  noxious  gases. 

17.  I  think  mining  labour  would  become  impossible  at 
about  100  d^rees,  whatever  the  velocity  of  the  air 
current  might  be ;  but  in  a  temperature  below  thts,  I 
think  itposgible  for  a  man  to  woric  if  the  air  be  t^^ 
abfy  pure  and  the  current  brisk,  I  do  not,  howerer, 
believe  that  he  could  work  verj  vigwously  in  a  tem- 
perature mueh  above  80  degrees. 

18.  Excess  of  temperature  in  miich  men  can  work  ought 
not  of  itself  in  any  caw  to  cause  more  than  an  increase 
of  25  per  cent,  in  the  rate  of  wages,  or  a  corresponding 
decrease  in  the  number  of  work&g  hours. 

(4thO  As  to  the  cost  of  sinking,  with  its  inddents. 

19.  The  coal-field  to  which  my  remarks  chleBy  apply  is  the 
Durham  coal-field. 

80.  The  deepest  sh^%8  in  the  Durham  district  are  those  of 
the  Wearmouth  oolh^,  of  which  colliery  1  happen,  as 
mining  engineer,  to  hwe  had  the  direction  smce  the 
oommenoement  of  the  year  1866.  The  diameters  of 


the  two  shafts  are  respectively  about  111  feet  and 
'  12  feet.  The  water,  1  oelieve,  was  mostly  found  in 
sinking  through  the  limestone,  and  within  60  ihthoms 
of  the  surface.  The  maohinoy  which  waa  employed 
to  pump  the  water  during  the  time  of  sinking  was,  long 
since,  removed,  and  the  water  tubbed  back.  The  tol^ 
biiw  in  these  pits  is  of  metal,  and  there  are  about 
40  fathoms  in  each  shaft. 
21,  The  wmght  of  tuhbii^  used  at  different  collieries  varies 
according  to  the  opinions  of  the  managers,  hence  \hae 
is  no  fixed  rule  as  to  weights ;  but  segments  might,  I 
think,  be  [urudentlv  used  of  about  4  feet  in  length  by 
18  inches  in  deptn,  uid  the  approximate  weight  in 
cwts.  per  fisthom,  say  for  shafts  of  6,  9, 19*  and  Tfi 
diameter,  might  be,  respectively,  for — 


Por 
SFeot 
Dlaaieter. 

For 
eFert 

Var 
UPeet 
EManwter. 

For 

15  Pert 
Muoeur. 

lat  U  fathoms  •  » 

M 

54 

80 

ler 

and     do.  ... 

41 

n 

lis 

M     da    «       *  • 

46 

.  84 

Ita 

17ft 

4th     do,       •       •  • 

40 

BS 

148 

MO 

22. 
23. 
24. 

25. 
26. 
27. 


28, 
29. 


30. 
.31. 
32. 


33, 


and  so  on. 

See  answer  to  No.  21. 
Various  pressures. 

Never  known  any  material  expense  consequent  on  meet- 
ing with  gas  in  sinking. 
Tlw  usual  mode  is  by  brattice. 
Various. 

The  costs  vary.  In  sinkingthrough  diy  ordinaiy  shale 
and  sandstone  strata.  100  &th«ns  of  from  10  feet  to 
1 6  feet  in  diameter  might  be  sunk  and  secured  at  from 
]2f.  or  13;.  to  from  20r.  to  251.  ner  fkthom. 
No.  Water  is  seldom  met  with  to  any  extent  below 
ft^im  60  to  100  fathoms. 

Cannot  answer  this.  Would  not  recommend  pumping 
from  the  surface  from  any  great  depth  as  a  rale. 
Would  prefer  pladng  Uie  power  at  or  near  the  bottom 
of  the  shaft,  or  at  dmlorent  pcnnta  in  it,  if  of  very  great 

depth. 

Am  not  prepared  to  say. 
Do.  do. 

Cannot  say.  It  might  be  iqtplied  to  prevent  the  influx 
of  water  at  any  pressure. 

(6th.)  As  to  the  cost  of  winding. 

I  am  at  loss  to  know  where  to  find  such  shaft,  but 
would  recommend  that  coals  which  are  to  be  lifted 
200  fathoms  or  more  should  be  drawn  in  stages  (J 
from  100  to  160  &thoms  apart,  as  being  the  most 
eoonomical  method  of  bringing  tiiem  to  ^e  suilhoe. 

34."' 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 

60.  _, 

61.  About  290  fr.thoms  at  Wearmouth  collieiT  is  one  of  the 
ICreatest  depths,  if  not  the  greatest  depth.  Might  be 
racreased  aa  w^mfom,  depending  upon  the  strength  of 
materials  uaea ;  but  this  depth  is  greater  than  I  would 
veeommend  to  be  drawn  frcnn,  as  already  stated. 

(6th.)  As  to  wbeOm  there  be  « Ihnit  to  the  deiith 
from  which  coal  can  be  drawn  hy  jneAamcal 
means. 

52.  This  alt<^(etha  depends  upon  circumstances;  any 
depth  can  be  drawn  from,  so  fkras  regards  mechanical 
power. 

53.  The  machinery,  power,  &o.  necessarily  depend  an  cir- 
cumstances presenting  themsdres  in  the  various  cases 
requiring  the  same. 

54.  I  would  sink  a  series  of  shafts,  not  a  single  vertical  one, 
to  reach  seams  at  great  depths,  and  would  not  dii^ 
an  inclined  pbme  under  orunazy  dccumstuioea. 


-  See  answer  to  No.  33. 
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55. 
56. 

57. 

58. 


59. 

6a 


61. 

62. 
63. 


64. 
65. 

66. 


67. 


66. 


69. 


70. 

71. 
72, 

73. 


74. 
76. 

76, 


77. 
78. 


To.  Any  required  extent. 

I  would  prefsr  an  angle  of  one  vertical  to  18  or  20 
horisontaJL 

Tltese  iniut  depend  upon  tinokneu  of  aeam,  extent  of 
coal,  and  other  drcamstances. 
Nvt  neoesntrify  bo. 

(7th  and  Sth.)  Aa  to  practical  limits  of  lateral  work- 
ing and  ai  to  the  influence  of  ji;reat  depth,  and 
gnat  lateral  exfeenBitm  of  worlanff  upon  ventila- 
wm  hj  furnace  cat  hj  mecbanicu  ^ipliuMee  he 
pnAprable. 

Cannot  eay,  but  a  single  shaft  is  highly  olyeGtionaUe. 
Eocmomiw  woricinv  ig  not  nanalhr  met  wilk  trbm  only 

one  shaft  is  used.   1  hare  nerernnnd  ({ood  ventilation 

wit^  on^  one  shaft. 

Two  shafts  an  snfBcient  to  work  from  1,600  to  about 
2.400  acns. 

I  think  from  two  to  three  miles. 
By  the  difficulty  of  ventilation  rather  than  by  the  cost 
or  unde^pound  haulage,  but  neither  need  neoesssrily 
put  a  limit  to  the  extent  of  lateral  workings. 
This  question  I  do  not  understand. 
See  answer  to  No.  63.   Large  tunnels  or  galleries  would, 
of  course,  be  advantageous. 

Where  enffines,  gradients,  &c.  are  similar,  the  expenses 
of  actual  aaulage,  both  uDdei^;round  and  at  we  sur- 
face, are  of  course  also  similar. 

It  is  usual  to  get  as  much  air  as  possible  to  circulate  in 
the  mine;  and  all  the  drcumstanoes  connected  with  the 
removal  if  gas,  such  aa  furnaces,  dimennons  ot  shafts 
and  aoways,  an  matters  ii4uoh  nil  for  consideration. 
I  do  not  believe  tiiat  the  superincumbent  presdura  can 
&vour  the  evolution  of  gas  unless  such  pcessun  emiihes 
thecoal  and  brings  on  'creep*  or  'thrust,*  and  thenliT 
suddmlr  exposes  a  large  surface  of  coal.  In  weU 
managed  mines  creens  ana  thrusts  are  uncommon. 
I  know  of  no  such  depth.  Cannot  speak,  of  my  own 
knowledge,  as  to  the  pressun  of  gas.  Have  besrd  of 
oonfined  gas  underground  representing  a  pressure  of 
72  lbs.  to  the  square  inch. 

Yes.  It  is  always  lowered  where  the  ventilating  cunent 
is  below  the  temperature  of  the  strata. 
Favourable. 

Enlarged  shafts  and  six  passages  do  produce  increased 
vttitilation. 

The  actual  conditions  of  no  colliery  are  sufficiently 
known  to  me  to  enable  me  to  answer  this  to  my  satis- 
fiuiiion,  but  I  may  observe  that  some  collieries  under 
certain  conditions  an  ventilated  by  from  80  to  120 
thonsand  enliio  feet  per  min.,  witb  a  consnmption  of 
ftiel  not  exceeding  8  w  10  tons  per  day,  wbSM  other 
collieries,  under  dfflerent  conditions,  require  mon  tiian 
twice  this  amonnt  of  ftiel  to  produce  their  maximum 
quantity,  which  does  not  exceed  that  named. 
I  have  not  myself  experimented  with  fans  or  other 
mechanical  appliances  for  ventilating  mines. 
Slullow  mines,  say  less  than  80  to  100  fiithoms  in 
dnrth,  can  in  my  opinion  he  more  advantageously  and 
efnotuaUy  ventiuted  1^  machinery  than  by  iumaoe. 

MUeellmmu  EmfmntM. 
No.  Hie  ooal  is  generally  Ibund  num  tender  ud  easier 
to  wwk  at  great  depths  than  at  shsUow.   I  know  of 
no  reaDy  bvd  seam  of  a  workable  thickness  mm 
than  150  fbthoms  below  the  Borfhce* 
No. 

Geiwraltyihe  proportion  of  large  to  small  cosl  decreases 
at  great  deptiia,  omne  to  the  ooal  being  mon  tenda. 
Yes  ;  I  have  no  doutn  of  it. 

R.  HiCKELS, 

Mining  Engineer, 
Weannouth  Colliery, 

Sunderland. 


4.  Me.  fox. 
("Jtertse(f"Jtm«10,186S.) 

t.  Experiments  wen  made  for  me  and  a  friend  of  mine  in 
1816, 1^  Cwfciin  Leu  in  CWver  and  Abraham  eoppw 
mine,  and  uy  John  Bule  in  Dolooath  copper  and  tin 
mine,  on  the  temperatnn  of  those  mines;  and  I  con- 
tinned  tiie  investigation  during  many  years,  mostly 
in  the  metalliferous  mines  of  Cornwall,  and  published 
the  results  from  time  to  time. 

3.  The  variations  of  temperatun  an,  I  believe,  very  small 
at  50  feet  beneath  the  surftce,  but  modified  the  ratio 
must  be  by  the  gr«^  elevation  of  the  ground,  and 
its  permeabili^  to  rain,  ascending  vapour,  &c. 

3.  The  mean  temperature  of  the  climate  of  I^lmonth  and 
the  neighbouring  districts  is  about  £>0°  Fahrenheit. 
Mon  tun  40  years  ago  I  had  the  bulbs  oi  long  tfaer- 

E 


mometera  sunk  three  feet  imder  the  siu^!ace  at  different      A  131 
stations,  and  thev  were  so  left  during  more  than  a 
year,  thcdr  indications  having  been  noted  sevoal  times  Befdies. 
a  week. 

The  mean  results  for  12  months  were  the  following 
In  a  field  near  Falmouth,  120  fbet  above 

the  sea  level      -  .        -  50° '67 

Near  Dolcoath  mine,  three  miles  W.  (rf 

Redruth,  and  300  feet  above  sea        -   49 '94 
Near  Gorland  copper  mine,  10  miles  N. 

of  Falmouth,  and  rather  more  than 

300  ftet  above  the  sea      -       -      -  48-99 

Mean  of  the  three  stations  for  12  months  -  49*87 

4.  Commencing  with  60^,  the  temperatun  varies  in  its 

rates  of  increase  in  difiicrent  nunes,  and  in  ^ffonnt 
parts  of  a  mine,  ranoing  from  1°  m  40  to  50  feet  and 
upwards ;  and  near  toe  bottom  of  some  very  deep  mines 
the  increase  has  been  1°  in  60  feet,  and  even  in  more.  In 
the  shallower  mines  the  ratio  of  increase  has  been  found 
to  be  most  considerable;  and  this  I  attribute  to  the 
tendency  of  the  wanner  water  to  rise  towards  the 
surface  through  tibe  nearly  vertical  veins  existing  in 
Cornwall. 

5.  The  follomng  resiilts  were  obtuned  at  the  deepest  parts 

of  the  mines  specified,  the  bulbs  of  the  thermometen 
having  been  placed  in  holes  in  the  rocks,  16  inches  to 
3  feet  deep,  and  the  holes  stopped  with  clay. 

Dolcoath  copper  and  tin  mine  was,  in  1822,  1,380  feet 
deep,  and  1,100  below  the  level  of  the  sea.  A  thermo- 
meter 4  fret  long  was  placed  in  a  gallery  at  this 
depth,  having  its  bulb  sunk  in  the  granite  rock^ 
3  feet  deep ;  and  so  it  nmained  more  than  19  montlu. 
The  mercury  (frequently  observed)  was  at  764°  to  76° 
during  the  whole  time,  except  on  one  occasion,  when  a 
temporary  influx  of  water  caused  it  to  rise  to  77°. 
76*51)°  gives  a  mean  increase  of  one  degree  in  63*  1  fcnt. 

In  1832  this  mine  was  1,682  feet  beneath  the 
Burfrce,  and  the  ffranite  rock  at  that 
depth  was  found  (ndth  the  bulb  of  the 
thCTmometer  3  feet  deep)  at  79*5°.  in- 
creaae=l°  in     -         -         -         -   57*0  „ 

Tresavean  copper  mine,  about  3  miles  South 
of  Redruth,  was,  in  1837.  1.572  feet  deep, 
and  1,210  feet  under  the  sea  level.  Tem- 
perature at  the  bottom,  with  bulb  in  granite 
as  befcne,  82*  5°,  showing  an  increase  of 
l°in  48'4  « 

Tht  same  mine  in  1853  was  2,112  feet  deep, 
ud  temperatnn  in  gramto  91*6°,  giving 
an  inmase  of  l°in      ;      .      .      .   60*9  „ 

In  Consolidated  ndnee  (copfker)  in  Owennap 
psrish,  tile  tempemtnn,  with  bulb  3  fiiet 
deep  in -clay-alate,  at  the  lowest  gallery, 
1,740  feetdeep,  and  1,422  under  the  level 
of  the  sea,  was,  in  1837. 85  3°,  showing 
a  mean  incnase  of  1°  in         -         -  49*3  „ 

Levant  copper  mine  in  St.  Just  parish,  near 
•  the  Lambend,  was,  in  1853,  1,530  feet 
deep,  and  the  slate  rock  in  a  gallery 
extending  far  under  the  sea  was  85^ 
tested  as  the  others,  giving  a  mean  in- 
crease of  1°  in         -  -         .  43-4  „ 

General  mean  ctf  one  cUigree  increase  in    -  60*3  „ 

6.  The  elevation  of  the  surface  above  the  sea  level  has.  I 

think,  some  influence  in  modii^jing  the  ratio  of  increase^ 
but  it  does  not  seem  to  be  very  considerable. 

7.  The  temperature  of  the  strata,  and  that  of  the  air  in 

deep  mines,  does  not  in  general  materially  differ,  exeept' 
where  the  cuirenta  are  strong ;  and  experiments  made 
in  the  rock  and  jets  of  water  often  indicate  a  somewhat 
higher  temperature  than  that  of  the  air  at  the  same 
stations.  In  seversl  instances  I  had  a  thermometer 
inserted  only  an  inch  in  the  rock  contiguous  to  another 
sunk  tiiree  feet  in  the  same  rock  ;  and  the  latter 
generally,  if  not  always,  indicated  a  degree  or  two  higher 
temperature  than  the  former,  proving  that  the  heat  in 
sudi  mines  is  nowise  attributable  to  extraneous  causes. 
16  and  17.  In  Clifford  amalgamated  mines  (formerly  nsjned 
the  United  mines)  there  was  in  1846  a  spring  of  water 
flowing  into  the  eastern  end  of  a  gaUerj;  1,530  feet' 
below  the  surface,  at  the  high  temperatun  of  116° 
Fahrenheit,  and  discharnng  about  90  gallons  a  minute. 
It  came  from  a  very  produ^ve  copper  lode,  worth  per- 
haps 100/.  a  fathom,  which  induced  men  to  work  there, 
though  to  a  limited  extent;  and  the  air  was  nduced 
many  degrees  below  tiie  hot  spring  by  the  inteoductton  ol 
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cooler  water  into  the  galleiy.  Hie  lieat  of  th«  spring 
has,  I  hear,  increased  to  above  120°,  in  conseqnenee 
of  the  subsequent  extension  <^  the  workings,  so  that 
it  appean  that  men  will  work,  however  disadyan- 
tageoualy,  in  an  atmosphere  above  110°  Fahrenheit,  if 
ther  consider  the  induoement  suffldentlr  great. 
In  collieries  the  stetta  bdng  more  nearly  norizoatil  than 
in  the  mining  districts  of  Cornwall,  and  the  firalta 
genezally  maoh  less  pervious  to  water,  I  apfoahend 


that  the  ratio  of  increase  in  descending  is  more  untlcnL 
and  the  temperature  commonly  not  so  great  m  tlHn 
at  iMual  dep^Jis ;  so  I  conceive  that  the  tempcntan  of 
110*^  would  not  be  found  at  a  less  depth  tinii  3,000  to 
4,000  feet  more;  but  it  is  scarcefyto  besappoaed 
that  coals  could  be  advantageonslr  worked  at  sudia 
temperature. 

B.  W.  Fox, 
FMqoricfc.  FifaMoEh. 


5.  COI/TNESS  IKON  WORKS. 


Ist. 

X.  By  experiment. 

2.  Cannot  state  with  any  degree  of  certainty. 

3.  42°  Fahr.  at  surface,  and  ascertained  by  thenuometer. 

4.  The  temperature  increases  1"  for  everr  10  fiUhoms,  the 
ratio  bemg  constant  at  different  depths. 

5.  In  the  usual  manner,  by  banging  them  up  in  the  open 
passages  of  tiie  pits  ana  workings. 

6.  No  means  of  determining  this. 

2nd. 

7.  No  difference  ascertained  by  experiment. 

8.  The  temperature  of  the  air  increases  by  lateral  distance 
from  the  shaft,  independent  of  the  heat  envolved  from 
the  men  and  horses,  combustion  and  lamps. 

9.  The  thermometer  was  tried  at  different  points,  and  it 
was  firand  at  the  pit  bottom  to  be  48°,  about  120 
fathoms  along  the  level  it  was  &0°,  and  about  120 
fUhoms  further  in*  which  was  the  fkee,  the  thermo- 
meter stood  at  63^",  and  at  the  return  at  the  upcast 
shaft  54<*. 

10.  No.  We  have  not  observed  that  heat  is  radiated  ttom 
or  i»oduced  from  the  strata  any  more 

11.  than  from  other  parts  of  the  woi^ungSj*  but  the  temper- 
ature increases  to  the  extent  of  6", 

12.  which  is  varied     the  quanti^  of  air  in  ciroulaUon. 

13.  Very  nearly  so. 

14.  These  methods  of  ventilation  have  never  been  put  in 
practice  here,  and  we  have  no  means  of  testing  such. 

J6.  various  methods  might  be  adopted ;  but  as  they  are 
not  required  they  have  neva  beon  put  in  piaotioe  in 
thia  distnct 


16.1 

17.  ^ 

18.  J 


21.  f 

22.  [ 


3rd. 

We  are  not  prepared  to  answer  these  questions,  but 
have  heard  of  miners  working  regularly  near 
Newcastle  N.S.W.  at  91'  without  feeling  bad 
effaots  at  results  from  tt. 

m, 

19.  Coltneu. 

SO.  The  shaft  ia  60  fkthoms  deep,  reotaagnlar,  16i'x6'. 
The  water  was  first  got  at  6  mboauttom  thesur&ce, 
and  in  sandstfme. 
The  engine  is  S-horse  power. 
"Hiere  is  no  tubtnng  required,  but  the  barring  ia  3" 
thick,  and  is  a  aimple  liiung  of  3^  whitqiiiie 
planks. 

23.  The  sb«te  is  so  opm  that  no  pressure  of  water  in  ai^ 

way  effects  the  Uning. 

24.  There  is  no  gas  of  any  consequence. 

25.  An  air  furnace. 

26.  131.  10s.  per  fathom  for  sinking  261.;  in  aU. 

27.  The  cost  increases  little  in  proportion  to  the  depth,  but 
there  is  a  large  increase  in  proportion  to  tiie  i^si^  of 
the  strata  ana  quantitr  of  water  found. 

28.  No ;  water  is  more  liable  to  be  met  with  near  to  the 
surfhce  than  at  greeter  depths. 

29.  Sixty  fathoms.  There  ia  no  depth  that  we  know  at 
from  which  water  migfat  not  be  pumped,  even  an 
engine  plaoed  on  the  surAwe. 

30.  Iff.  per  ton, 

31.  1  ton  (tf  water  to  221ba.  of  ooal,  the  water  bong  nund 
from  the  bottom  to  the  top  ai  the  pil^  »  d^to  of  60 

feftUHttS. 

32.  Have  had  no  "tabbing  "in  this  field. 


Glk, 

33.  No.  3.  Gnenhead  nit. 

34.  60  fathoms. 

35.  9i  cwte. 

36.  3i  cwte. 

37.  One. 

38.  6cwts. 

39.  15  1  26. 

40.  21  1  26. 

41.  Ten  feet  per  second. 

42.  Flat6"xli". 

43.  No;  they  are  made  of  hemp. 

44.  6  feet  diameter.  15  cwt. 

45.  6  feet,  not  spiral. 

46.  Single. 

47.  21"  diameter  and  5  ft.  stroke. 

48.  25-h(»8e  power  only  required. 

49.  Urf.  per  ton. 

50.  lid.  IS  a  fair  average  rate. 

51.  60&thonu.  There  ia  no  limit  to  the  deptiifromwhid 
coal  might  be  raised  by  such  enjpnea. 

52.  No  limit  to  depth,  but  the  question  of  advaatinvilt 
depend  on  the  qualitjy  of  the  material  to  be  rHiM. 

53.  Not  applicable,  as  no  fixed  depth  ia  givw. 

54.  Would  prefer  sinking  a  pit  diraet  from  Uie  sufsoe. 

55.  Limitedonly  by  expense^  iHiidi  is  governed  1^  quli^ 
of  material  to  be  raised. 

66.  1  in  10. 

57.  No  fixed  depth  spectfled,  and  not  apidioaUe. 

58.  Yes.   But  the  diSteenoe  of  liie  will  dennd  on  tin 
extent  likely  to  be  driven. 


59 
4- 

60. 
61. 
62. 
63. 
64. 
65. 

66. 

67. 

68. 
69. 

70. 
71. 
72. 

73. 
74. 
76. 
76. 

77. 

78. 
79. 


7th  m. 


75  aoea. 


150  acres. 

700  vards,  (ff  atxiut  \  a  mile. 

By  toe  cost  of  underground  haulage. 

It  is  more  a  question  of  oncost. 

Yes ;  but  the  tunnel  would  likely  oost  more  tlun  a 

second  shift. 

Unde^fTound  haulage  ooste  double  vHiat  suilftce  hsnligt 
does. 

The  gas  evolved  from  the  strata,  a  r^lar  tenventsn 
throughout  the  wwldnga,  and  fteah  air  Ibr  wokdml 

Yes. 

Our  woricings  do  not  reach  to  such  a  depth  as  would 
enaUe  us  to  satisfactorily  answer  this  qaestton. 
C9ant8».  ^ 
Favoniaole. 

It  would  be  more  eoonomioal  to  inorouo  the  velocity 
the  current. 


Have  no  opportunity  of  judging. 
No. 

No;  it  dspsodi  on  the  local  connection  of  the  coaL 

No. 
Yes. 
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PEOCEEDINGS  03?  THE  COMMITTEE.  B  1 

B. 

Committee  on  Waste  in  Comlmstioti.    (With  power  to  taJce  Eoidence.) 

1.  Henry  Hussey  Vivun,  Esq.,  M.P.,  Park  Wem,  Swansea.  Kamu  of 

2.  JouK  PcBCY,  Esq..  M.D.,  1,  Gloucester  Oresent,  Hyde  Park,  London.  nwmben. 

3.  John  Hartley,  Eaq.,  Wolrerhampton. 

4.  Qeobcie  Thouas  Clark,  Esq.,  Dowlais  Houses,  Merthyr  Tydvil. 

5.  KoBKBT  Hunt,  Esq.,  Museam  of  Ftactical  Geology,  Feb.  12, 1867. 

.   .  First  Meeting,  Septenober  1 1,  1866,  at  noon. 

PRESENT: 

1.  Mr  Clark  in  the  Chair. 

2.  Dh.  Percy. 

3.  Mr.  Hartley. 

Also, 

4.  Mb.  Jukes;  5.  Mr.Eluot;  6.  Hr.Qeddes;  7.  Sir  William  Armstrong  ;  8.  Ma  Dickinson; 

9.  Mb.  Fobster. 

Tlie  Secretary  was  directed  to  wVite  to  the  Patent  OMce  in  the  terms  of  a  Minute  prepared  by  Minatei. 
Dr.  Percy,  asid  wrote  accoridingly,  to  suggest  the  preparation  of  an  abridgement  of  specifications 
relating  to  oonsamption  of  coal 

The  Heads  of  Inquiry  were  revised  by  the  Ohaiiinaa  and  Dr.  Percy,  and  ai-e  as  follows : — 

The  minutes  of  Committee  A.,  nwnjhered  9, 10,  and  II  wet'e  alsopaaaed  by  CmnmiUee  B.^  which 
meets  October  9,  at  noon. 

SuoGESnONS  for  the  consideration  of  the  Members  of  the  Committee  on  Waste  in  Combustion. 

1.  What  is  at  this  time  the  smallest  quantity  of  coal  (in  statute  tons)  used  in  the  production  of  Heads  of 
a  ton  of  pig  iron  of  various  qualities  ?  icquiry. 

2.  What  is  the  excess  above  the  quantity  used  in  the  average  production  of  the  same  7 

3.  In  what  direction  is  further  improvement  practicable  ? 

4.  Similar  inquiries  as  regards  the  production  of  puddled  and  merdiant  bar  iron.. 

5.  How  best  to  ascertain  the  mast  eft'ective  consumption  of  coal  in  raising  steam  ? 

6.  To  collect  facts  concerning  the  domestic  consumption  of  coal,  and  thi  loss  arising  from 
imperfect  consumption. 

7.  To  collect  facta  oonceming  the  saving  of  coal  by  the  use  of  furnaces  on  the  r^nerative 
principle. 

•  Geo.  T.  Clark, 

Chairman. 


2nd  Meeiinrjt  October  9.   Committee  B,  met,  and  ac^nrned  tUl  tfte  7  th  of  November^  at  12. 

(Signed)      Geo.  T.  Clark, 
(See  Nov.  7th,)  Chainuan. 


B. — ^vd  Mecti}iff,  Koon,  Nove/mher  7,  18GC. 
PRESENT  : 
1.  Mr.  Clark  in  the  Chair. 

Also, 

2.^M&  Fobster;  3.  Mr. Dickinson ;  4.  Mr.  Woodhouse  ;  5.  SirW.  Arhstronq;  C.  MR.GEDi>Ea. 

1,  With  reference  to  the  Heads  of  Inquiry  passed  September  11,  the  Chairman  read  and  the 
Members  present  considered  a  set  of  Questions  for  witnesses.  Tlie  Secretary  was  directed  to  Iiave 
them  printed  and  circulated  with  the  rest  of  the  proceedings  {see  Circular  B.  1.) 

S.  It  was  dedded  that  to  the  7  Heads  of  Inquiry  passed  September  11  be  added (8)  to  collect 
£mHs  concerning  the  waste  of  ooal  in  smoke. 

3.  That  <A«  negist  Meetvng  of  GonvnUttee  B.  he  held  on  Tuesday,  January  8, 1867,  at  1  p.m. 

(Signed)      Georqe  Eluot. 


Ke3 


Digitized  by 


214  OK  WASTE  IN  COHBUSTION. 

Jl  2  B. — 4iA  Meeting,  1  P.M.,  January  8,  1867. 

The  following  Members  wrote  to  say  that  they  could  not  attend : 

J.  G.  T,  Clark,  Esq.,  Dowlais  House,  Merthyr  Tydvil,  January  5th. 
2.  John  Hartley,  Ksq.,  The  Oaks,  WolverhainptaQ,  January  7th. 

PrESBNT: 

1.  Mb.  WoooHOiTSE;  2.  Ma  Geddes;  3.  Mb.  Elliot  (in  the  Chair). 

1.  The  minutes  of  hist  meeting  were  signed  by  the  Chairman. 

2.  The  Committee  a^oumed. 

3.  It  was  decided  by  the  General  Meeting  th<U  the  nesGt  meetmg  of  Committee  B.  be  held  on 
Tuesday,  F^mutry  12,  at  twon, 

(^ed)      Q.  T.  CULBK. 


'B.—SOb  Meetvng,  Noon,  Febrwery  12, 1867. 

Peesent  ; 

J.  Mb.  CtABK  (in  the  Cliair) ;  2.  Mb.  Habtlet  ;  S;  Mb.  Qeddes;  4.  Mb.  Dickinson  ; 

5.  Mb.  Hunt  ;  6.  Mil.  Vivian. 

1.  Mr.  Hunt's  name  was  added  to  the  list  of  members  of  Committee  B, 
Circular  B 1.     2.  The  questions  prepared  by  this  Committee  are  to  be  made  into  a  circular  to  be  called  B  I., 
similar  to  D  1.    The  numbers  to  be  consecutive;  500  copies  to  be  struck  off,  and  kept  standing. 
They  are  to  be  circulated  by  members  of  the  Commission, 

3.  It  was  decided  that  questions  under  the  following  heads  be  prepared  by  the  members,  for 
their  next  meeting : 

y.—Ae  to  ike  economical  use  of  coal  in  tlie  production  of  steam. 

VI.  — As  to  the  economical  use  of  coal  in  the  production  of  mekUe  other  tha/n  iron,  of  glaas, 

of  pottery,  and  manufactures  generally. 

VII.  — Aa  to  the  economical  use  of  coal  for  domeaiio  purpoeee. 

VIII.  — On  the  theory  of  combustion  and  heal. 

BoBEBT  Hunt. 


B.— 6ift  Meeting,  Noon,  February  26,  1869. 
Pbesent : 

1.  Mb.  Hunt  (in the  chwr);  2  Sib  W.  Q.  Abustbono;  3.  Ma  HussET  Vivian;  4.  Mb.  Clabk 

5.  Mb.  Geddes;  6.  Db.  Fbbgv. 

The  following  gentlemen,  not  members  of  the  Commission,  were  also  present : 
7.  Mb.  Siemens  ;  8.  Mb.  Menelaus  ;  9.  Mb.  Bell. 

1.  The  Secretary  produced  file  B.,  with  the  minutes  and  correspondence,  from  which  it  appeals 
that,  with  the  approval  of  the  members,  Mr.  Hnnthaa  undertaken  the  duties  of  Chairman  to  this 
Committee. 

2.  The  minutes  of  last  meeting  wwe  signed. 

3.  The  next  meeting  is  fixed  for  Thursday,  April  16. 

Bobebt  Hunt. 


C.  W.  Skmai,    C.  WiLLiAH  SiEHENS,  Eequire,  F.R.S.,  of  3,  Great  C 

  1.    (Chairman.)  Tour  attontioD,  I  believe,  has 

90Ui  Feb.  1869.  i^jen  directed  largely  to  economy  in  the  use  of  coal. 

Will  you  favour  the  Committee  with  some  infoi-ma- 
tion  as  to  the  extent  to  wliich  you  have  beea  enabled 
to  succeed  in  that  direction  ? — I  commenced  to  turn 
my  attention  to  the  subject  of  the  economy  of  fuel 
in  1846.  At  that  time  I  first  became  acquainted 
with  the  dynamictd  theory  of  beat,  which  was  then 
quite  new  ;  and  it  struck  me  that  in  examining  steam 
engines  and  caloric  engines  generally,  by  the  light  of 
that  theory,  there  was  a  very  large  margin  for  im- 
provement. My  attention  was  then  directed  towards 
realizing  some  pcntion  of  the  advantages  indicated  by 
tiie  new  theory,  and  it  occurred  to  me  that  a  re- 
geneiator  or  heat  accnmulator  was  well  suited  to 


rage  Street,  Westminster,  Civil  Engineo*,  examined. 

assisit  in  that  task.  This  apphance,  the  philosophical 
conception  of  which  is  due  to  the  Bev.  Dr.  Stirling, 
of  Dundee,  in  1817,  has  the  property  of  retaining  » 
limited  quantity  of  heat,  and  to  yield  the  same  up 
again  when  it  is  required  for  the  jwrfonnance  of  any 
work.  In  applying  these  regenerators  to  a  steam 
engine  I  was  enabled  to  get  a  very  conetderablc 
economy  of  fuel ;  but  the  accomplishment  of  this 
saving  was  accompanied  with  mechanical  difficulti^ 
which  at  the  time  I  &iled  to  solve  praetically.  Td^e- 
over,  in  examining  the  question  of  steam  engines^ 
and  in  writing  a  paper  on  the  subject  for  the  Insti- 
tution of  Civil  £higineers  in  1851-62,  I  found  that 
by  canrinp;  the  {oind^  of  expuuicn  to  modi 
further  limits  than  had  been  d«ie  op  to  that  time. 
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a  very  considerable  proportion  of  the  theoretical  duty 
could  be  realised  from  coal,  and  that  the  pn^ress 
in  onr  times  would  probably  lie  in  the  direction  of  the 
extended  application  of  expansive  working.  I  next 
turned  my  attention,  in  connexion  with  my  brother 
and  former  papil,  Frederick  Siemens,  to  furnace 
heat.  It  was  easy  to  Tecognize  great  waste  in  the 
■nplicatioa  of  farnacos  for  heating  iron,  glass,  and 
^nilar  materials,  which  can  on\y  be  worked  at 
intense  heats.  Indeed,  if  fud  is  burnt  by  the  ^rect 
action  of  atmospheric  air  a  eertun  maximum  degree 
of  heat  can  only  be  generated,  amounting  to  about 
4,000  degrees  Fahrenheit.  Now,  if  the  work  to  be 
performed  in  the  furnace  approaches  that  limit  of 
temperature,  it  is  evident  that  of  the  total  heat 
generated  in  the  combustion  of  oxygen  with  carbon 
only  a  small  inaction  can  bo  utilized  in  the  furnace 
for  doing  the  work.  For  instance,  if  the  tempera- 
rature  attained  in  the  fire-grate  is  4,000  degrees, 
and  if  the  work  to  be  performed  has  to  be  accom- 
plished at  a  temperature  of  3,^00  degrees,  only  500 
units  of  every  4,000  units  of  the  heat  generated  can 
be  given  off  to  liie  materials  in  the  furnace  to  be 
heated,  and  the  remiuning  3,500  nnits  must  go  to 
waste.  Here  again  the  r^nerator  seemed  calcolated 
to  rescue  us  from  incurring  this  large  waste.  The 
practical  difficulties,  however,  which  were  at  first 
encountered  were  considerable,  and  it  was  not  until 
after  the  system  had  been  modilSed  in  very  important 
points  that  practical  success  was  obtamed.  The  chief 
addition  to  the  process  was  the  conversion  of  the  solid 
fuel  employed  into  crude  gas,  by  means  of  a  simple 
apparatus,  "  the  gas  producer,"  which  may  be  placed 
at  a  considerable  distance  from  the  furnaces.  The 
regenerative  gas  furnace  as  it  exists  to  day  consists, 
therefore,  of  three  essential  parts.  The  first  of  those 
parts  is  the  gas  producer,  or  apparatus  for  converting 
the  solid  fuel  bodily  into  a  gaseous  fuel.  A  number 
of  these  are  generally  placed  outdde  the  works,  the 
gas  prodnced  bnng  conducted  into  the  works  through 
nndei^round  channels,  which  in  some  eases  are  very 
large,  because  a  number  of  furnaces  are  supplied 
from  the  same  source.  Secondly,  the  apparatus  con- 
sists of  the  regenerators,  or  funk  chambers,  filled  with 
fire  bricks  piled  in  such  a  manner  that  a  cuirent  of 
air  or  gas  passing  through  them  is  broken  into  a  great 
number  of  parts,  and  is  checked  at  every  step  by  the 
interposition  of  an  additional  surface  of  fire  brick. 
Four  such  chambers  are  placed  below  the  furnace, 
and  the  currents  of  gas  and  air  can  be  directed  by 
suitable  reversing  valves  either  upwards  or  down- 
wards through  these  chambers.  The  third  essential 
part  of  the  arrangement  is  the  heated  chamber  or  fur- 
nace proper,  in  which  the  work  is  intended  to  be 
accomplished.  Thie  chamber  communicates  at  each 
extremity  with  two  of  the  regenerative  chambOTs,  and, 
in  directing  currents  of  gas  and  ur  upwards  through 
them,  the  two  gaseous  streams  meet  on  entering  uie 
heated  chamber,  where  they  arc  ignited.  The  current 
descends  through  the  remuning  two  r^nerators, 
and  heats  the  sune  in  such  a  manner  that  the  upper- 
most chequerwork  is  heated  to  nearly  the  temperatui'e 
of  the  furnace,  whereas  the  lower  portions  are  heated 
to  a  less  and  less  degree,  the  products  of  combustion 
escaping  into  the  chimney  comparatively  cool.  In 
the  course  of,  say  one  hour,  the  currents  are  reversed, 
and  the  cold  air  and  gas  ascending  through  the  two 
chambers,  whidi  have  been  previously  heated,  take 
up  the  heat  there  deposited,  and  enter  into  combus- 
tion at  the  entrance  into  the  boated  chamber  or 
ftimaee  at  newly  the  temperature  at  which  the 
products  of  combustion  left  the  furnace,  say  £00 
d^rees  hot.  The  heat  in  the  furnace  will  be  by 
the  combustion  of  these  heated  gases  raised  to  say 
1,000  degrees,  and  the  products  of  combustion,  in 
passing  at  that  temperature  tlirough  the  first-named 
two  r^enerative  chambers,  will  heat  the  superior 
courses  of  loose  brickwork  to  nearly  1,000  degrees, 
their  temperature  becoming  less  and  less  as  they 
descend  until  they  reach  the  chimney  comparatively 
cool  OS  before.   In  reversing  again  the  currents,  the 
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air  and  gas  are  brought  up  to  nearly  1,000  degi-ees  B  3 
before  entering  into  combustion,  and  the  temperature  ^  |p  gj^^g^ 
of  the  fiome  in  the  furnace  will  be  accordingly  inten-  jg^,  ' 
sified.  It  is  easy  to  conceive  that  by  this  process  — 
of  accumulation  any  degree  of  temperature  may  be  SSAVah,  1869. 
attained  in  the  Airnace  chamber  witliont  having 
recourse  eithei-  to  gas  of  high  quality  or  to  inten- 
sified draught.  In  measuring  the  temperatures  of  a 
furnace  employed  in  melting  steel,  I  had  occasion  to 
observe  that  while  the  temperature  of  the  melting 
chamber  exceeded  certainly  4,000  degrees  Fahrenheit, 
the  gases,  or  products  of  combustion,  escaped  into  the 
chimney  only  240  degrees  hot,  showing  that  nearly 
the  whole  of  the  heat  generated  was  a^orbed  in  the 
famoce  in  doing  its  work.  It  is  not  astonishing, 
under  those  circumstances,  that  the  consumption  of 
fuel  per  ton  of  steel  melted  should  be  very  small  as 
compared  with  the  ordinary  method,  the  practical 
result  being  that  12  cwt.  of  ordinary  cofd  suffices  to 
melt  a  ton  of  steel,  whereas  in  the  ordinary  fur- 
nace at  Sheffield  about  three  tons  of  Durham  coke 
are  necessary  to  accomplish  the  same  end.  The  eco- 
nomy produced  in  furnaces  of  a  lesser  temperature  is 
also  less.  Hius  in  forge  furnaces,  and  in  fhrnaees 
for  meltiz^  glass,  an  economy  of  from  60  to  60  per 
cent,  is  considered  satis&ctoty,  whereas  in  heating 
gas  retorts,  or  in  simply  re-heating  steel,  the  economy 
is  still  somewhat  less.  Tlie  heat  being  unaccom- 
panied by  strong  draughts,  or  mechanical  impurities, 
has  decidedly  a  beneficial  effect  upon  the  material 
heated  in  the  furnace.  The  loss  of  iron  and  steel 
through  oxidation  is  greatly  reduced,  and  a  more 
perfectly  welded  forging  is  produced.  Another  ad- 
vantage which  this  system  of  firing  possesses  is  in 
the  entire  prevention  of  smoke.  Also  inferior  fuels, 
Euch  as  peat,  lignite,  or  an  impure  coal,  can  be  used 
for  obtfuning  the  highest  d^rees  of  heat.  Thus  gas 
produced  from  peat  is  as  suitable  for  melting  steel, 
or  welding  iron,  as  the  gas  from  tiie  best  Newcastie 
coal  would  be.  The  first  cost  of  the  regenerative  gas 
furnace  is  greater  than  that  of  an  ordinary  fbmaee, 
but  the  wear  and  tear  U,  generally  spring,  con- 
siderably less,  and  considerable  convenience  arises 
from  the  fact  that  the  works  thanselves  are  not  en- 
cumbered with  coal  and  ashes. 

2.  You  have  alluded  to  the  use  of  peat  and 
lignite.  The  gas  derived  from  those  agents  will  not 
give  you  the  same  temperature,  will  it,  as  the  gas 
produced  from  a  good  bituminous  coal  ? — Quite  the 
same. 

3.  Tou  would  refer  the  temperature,  I  take  it, 
purely  to  the  combustion  of  hydrogen  rather  than  to 
the  carbon  constituent  of  the  gas  ? — ^The  gas  consists 
for  the  most  part  of  carbonic  oxide  mixed  with  light 
earburetted  hydrogen  and  some  pure  hydn^n,  and 
these  combustible  gases  are  mixed  with  nearly  60  ^ 
cent,  of  mtrogen,  and  with  vapours  of  water,  which 
latter  are  of  coarse  useless  in  the  fiimace. 

4.  You  do  not  find  that  any  advantage  is  to  be 
derived  from  any  system  of  purifying  the  gas,  you 
take  it  as  crude  gas  from  the  material  placed  in  the 
retort  P-'Xf  the  fuel  employed  contains  water  in  a 
large  [HMportion,  I  find  it  advantageous  to  pass  the 
gas  through  long  cooling  tubes,  occasionally  over 
surfaces  of  water,  in  order  to  condense  the  vapour, 
which  would  be  hurtful  in  a  furnace  where  iron  or 
steel  is  treated. 

5.  (Mr.  Clark.)  Must  not  that  cooling  dqiosit 
the  bituminous  element  which  is  difilued  in  the  gas  ? 
— Some  tar  is  also  deposited. 

6.  (Skt  WilUam  Amutrong,)  Will  you  e^fdun 
to  us  the  diflferenee  between  the  heat  evidved  Iqr  the 
eombostion  of  oatbonio  oxide  and  that  wbieh  is 
evolved  by  the  combustion  of  earburetted  hydrogen, 
and  ita  conversion  into  carbonic  add  gas  taA  watn*; 
that  is  to  say,  the  complete  combustion  of  the  fuel  by 
the  most  highly  oxidized  state  of  the  combustion, 
namely,  carbonic  acid  ? — When  pure  carbon  is  con- 
verted into  carbonic  oxide  two  sevenths  of  the  heat 
is  produced  compared  with  what  is  produced  when  it 
is  burned  into  carbonic  acid  gas,  the  pi-ecise  figures 
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B  4       being  4,000  unite  and  14,000  units  of  iieat  respoc- 
C  W  Siemats  ^t^^y-    The  gas  producer  therefore  would  produce 
JSiq.     *  gas  carrying  with  it  nearly  one  third  of  the  caloric 

  which  it  was  capable  of  prodacing.   But  with  these 

a5diFeb.lB69.  4,000  units  of  cahvic,  the  carbnretted  hydrogen  and 
the  hydn^cn  vapount  have  to  be  generated,  so  that 
the  gas  actually  leaves  the  gas  producer  at  a  tempera- 
ture of  from  900  to  1,000  degrees  Fahrenheit.  This 
gas  in  burning  wiih  cold  air  would  develop  nearly 
4,000  degrees,  but  a  higher  degree  can  be  attained  to 
in  the  regenerative  gas  fbmaco  by  the  accumulative 
affect  produced. 

7.  How  much  of  the  heat  of  the  fuel  do  you 
sacrifice  in  its  coDversion  into  gas  prior  to  your  using 
it  ? — I  would  sacrifice  two  sevenths,  or  4,000  units 
out  of  14,000,  if  I  had  to  deal  with  pure  carbon,  but 
as  I  have  generally  tn  deal  with  hydrocarbons,  this 
heat  ia  mostly  utilized  in  developing  those  hydro- 
cartmn  gases,  and  is  recovered  in  the  furnace,  whereby 
the  actual  loss  is  reduced  to  one  fifth  or  one  sixth 
only. 

8.  You  raise  your  gas  by  a  partial  process  of 
combustion  in  your  gas  jnwiucer  7 — ^Tes,  I  should 
explain  that.  The  gas  producer  consists  of  a  square 
brick  chamber  with  one  inclined  side,  at  the  bottom 
of  which  there  is  a  fii-e  grate,  and  the  fuel  in  descend- 
ing upon  this  inclined  plane  uudcraoes  a  gradual 
pitKOss  of  heating,  which  causes  first  the  vapoure^  and 
next  the  carburetted  hydrogens,  to  fly  oC 

9.  Will  you  follow  the  carbon  alone? — At  that 
moment,  before  the  fuel  reaches  the  grate,  it  is  pure 
carbon.  This  pure  carbon  is  acted  upon  by  a  current 
of  atmospheric  air  passing  through  the  grate.  At  a 
point  pei'haps  six  inches  above  the  grate  cai-bonic 
acid  gas  will  be  found,  and  consequently  a  very 
intense  heat ;  but  this  heated  cai'bonie  acid  gas,  in 
passing  throu^  the  superincumbent  Uyers  of  coke, 
takes  up  the  second  equivalent  of  carbon,  which  in 
the  chemical  operation  is  accompanied  by  an  intense 
refrigerating  effect;  but  the  carbonic  oxide  gts, 
nevertheless,  would  carry  with  it  two  sevenths  of 
the  calorific  effect  of  the  fuel  in  a  sensible  state  had 
I  not  the  duties  to  perform  of  generating  the  hydro- 
carbons and  the  hydrogen  gas.  The  result  is  tlmt  in 
deahng  with  ordinary  fuel  a  much  smaller  proportion 
than  one  third  of  the  heat,  say  one  sixth  only  of  the 
calorific  effect  of  the  fuel,  is  carried  off  in  the  sensible 
condition.  On  the  other  hand,  I  have  the  advantages 
d  an  exceedingly  low  chinmey  temperature. 

10.  I  am  not  in  the  least  calling  into  question 
the  advantages  of  your  process.  I  only  waut  to 
know  how  much  of  Uie  heat  ia  lost  in  the  c(mversion 
of  the  carbon  into  carbonio  oxide  ?— I  idiould  say 
about  one  sixth  of  the  calorific  effect 

11.  You  consider  that  one  sixth  is  sacrificed  in 
the  producer  ? — Yes. 

1 2.  Then  Uiat  one  sixth  must  be  set  against  the 
saving  by  oUier  means  ?~Certainly,  but  it  is  utilized 
in  giving  an  onward  pressure  to  the  gas,  inasmuch  as 
the  gas  coming  from  the  producer  ascends  in  a  hot 
column,  and  is  then  cooled  in  a  hwixontal  tube  of 
iron  exposed  to  the  atmosphere,  and  agun  descends  to 
the  imdergronnd  gaa  fines  in  a  cool  condition.  The 
result  is  that  the  denser  column  dtawa  the  lighter 
c(^nnn  an,  and  cansM  an  onward  pr^ure  of  the  gas 
through  the  fines  towards  ^e  fVirnaces,  which  is  an 
essential  condition  to  the  success  of  the  operation, 
and  which  could  only  be  otherwise  attained  either  by 
an  artificial  blast^  which  would  be  most  inconvenieut, 
inasmuch  as  it  would  prevent  the  access  of  the  work- 
men to  Ae  gi-atcs  of  Uie  gas  producers  ;  or  by  placing 
the  gas  producers  at  a  much  lower  level  than  the 
famaoes,  ft  condition  which  cannot  be  senetallr 
nsaUzed.  *  ^ 

18.  Have  you  t^lied  your  system  to  other  pur- 
poses thut  those  which  you  have  mentioned  ? — ^To  a 
great  number  of  purposes. 

14.  To  iron  manufacturing?  —  To  puddling,  -to 
reheating  of  iron  and  steel,  to  steel  making,  to  steel 
melting,  to  ^aaa  melting^  to  the  heating  of  zinc 


retorts,  to  calcining,  to  enamelling,  and  to  chemical 

works. 

15.  Have  you  used  it  at  all  in  connexion  with 

the  blast  furnaces  for  healing  the  stove?  ^Yes,  fm- 

heating  the  stove  of  bhist  furnaces  Mr.  Cowper  has 
made  an  interesting  application ;  in  fact,  it  has  been 
applied  to  nearly  all  purposes  where  intense  heat  is 
required.  It  is  also  applied  to  the  heating  of  boilen, 
but  not  with  a  view  to  anytliing  like  the  same 
economy. 

16.  The  object  lieiug  to  arrest  the  heat  now 
pasBing  into  the  chimney  and  to  add  it  to  the  fuel,  in 

tliat  case  do  you  use  the  gaseous  fuel  ?  I  use  the 

gaseous  fuel  which  cii-culates  in  combustion  tlirough 
the  flues  of  the  boilers,  and  finally  passca  over  tubes 
acting  the  part  of  a  regenerator,  which  regenerator 
heats  the  air  necessary  for  burning  the  gaa. 

17.  Have  you  abandoned  the  principle  of  a  re- 
generator in  its  application  to  a  cahwic  air  engine  ? 
— For  tiio  present  I  have  abandoned  it. 

18.  But  you  have  hopes  of  ultimate  success  in 
that  direction  ?— I  believe  that  br  extending  the  ex- 
pansive action  of  steam,  by  jacketing  the  working 
cylinder  with  high  pressui-e  steam,  and  thoroughly 
wai-ming  it,  and  perhaps  by  superheating  the  steam  to 
a  modei-ato  degree,  such  economy  can  bo  obtained  as 
will  render  the  construction  of  a  caloric  engine  rela- 
tively less  advantageous  than  it  appeared  to  be  15  dr 
20  years  ago,  when  I  first  turned  my  attention  to  this 
subject. 

19.  (Mr.  Vivian.)  Tliat  system  of  jacketing  has 
been  in  use  in  Cornwall  for  many  yeiav,  has  it  not  ? 
— It  has. 

20.  {Sir  William  Amutrong,)  What  is  the  high- 
est amount  of  theoretic  effect  in  the  fuel  which  has 
been  realized  in  a  steam  engine  ?  What  is  the  full 
theoretic  power  of  the  fuel,  to  begin  with  ?— The 
full  theoretic  equivalent  of  force  for  a  unit  of  heat, 
that  is  to  say,  for  the  heat  necessary  to  heat  one 
pound  of  water  through  one  degree  Fahrenheit  is 
772  foot  pounds.  A  pound  of  cool  in  burning  should 
yield  nearly  14,000  unite  of  heat,  or  772  x  14  000  = 
10,808,000  foot  lbs. 

21.  Is  that  the  aveitige  coal 'or  the  best  coal?  

Pure  coal,  burnt  perfectly,  and  therefore  a  hypothe- 
tical case. 

22.  What  is  the  highest  amount  obtained  in  the 
most  efiicient  steam  engine  ?— Ncariy  one  fifth  of 
the  heat  communicated  to  the  boiler ;  but  a  boiler 
practically  realizes  a  little  more  than  one  half  of  the 
theoretical  duty  which  it  should  realize  if  the  caloric 
WHS  all  imparted  to  the  water. 

23.  The  theoretic  efifect  of  a  pound  of  coal  is  to 
Iifl  1 4,000,000  lbs,  1  fbot  high  P-One  pound  of  pure 
conl  yields  theoretically  10,800,000  lbs.  lifted  1  foot 
high. 

24.  The  same  weight  of  coal  applied  in  the  best 
steam  engine  will  raise  how  many  pounds  1  foot  high  ; 
IS  it  not  about  a  inilliun  pounds  in  tho  best  Cornish 
engines  ?— I  think  that  it  is  a  little  above  a  million  in 
the  best  Cornish  engines. 

25.  Say  1,100,000  ?_Ye8. 

26.  That  is  less  than  one  tenth  of  tho  possible 
power  of  the  coal  as  realized  m  the  best^eam 
eugiues  ?— The  Cornish  eiwrnes  are  hardly  the  best 
steam  engines.  In  the  Cornish  engines  it  wouU 
perhaps  be  one  tenth  of  the  theoreUcal  maximnm  of 
which  the  coid  was  capable. 

27.  To  what  other  engines  .do  you  refer  as  beine 
supei-ior  to  the  Cornish?— I  believe  that  roUtoil 
eugines  worked  by  steam,  slightly  superheated,  and 
with  tenfold  expansion,  have  been  constructed,  ex- 
ceeding the  Cornish  engine  in  duty. 

28.  To  what  extent  do  you  think  that  l.fiOaOOO 
has  been  iodised  ?— I  have  heard  of  1,200,000  aa  a 
practical  result. 

29.  You  mean  a  fly-wheel  engine?— Yes  j  fiy- 
wheel  engines  have  been  constructed  giving  a  better 
result  than  the  Cornish  engines. 

30.  Taking  the  veiy  Wghest  pracUcal  result 
which  has  been  attahied,  namely  1,300,000,  you  are 
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etlU  under  one  tenth  of  the  theoretic  duty  as  a  thing 
actually  attained,  and  the  best  effect  which  has  been 
attained? — Undw  one  eighth,  without  counting  the 
imporitiea  in  coal  which  cannot  be  Ukea  at  less  than 
10  per  cent. 

31.  How  much  do  you  anticipate  advancing 
upon  that  ? — There  are  two  sources  of  loss  ;  first,  in 
generating  the  steam  or  in  burning  the  fuel,  whicli 
is  done  at  a  disadvantage,  and  practically  a  pound 
of  fuel  does  not  evaporate  inoi-e  than  7  lbs.  of 
water ;  whereas  the  theoretic  duty  ought  to  be  about 
13  lbs. 

32.  But  with  these  best  engines,  by  which  this 
great  duty  has  been  performed,  does  not  a  pound  of 
coal  evapoi-ate  neaiiy  13  lbs.  of  water,  something 
like  12 lbs.? — I  believe  not  continuously,  or  in 
taking  into  account  the  losses  incurred  in  starting 
and  stopping.  The  second  loss  of  heat  is  in  the 
condffliser,  which  throws  off  an  amount  of  heat 
which  might  be  developed  to  a  great  extent  in  pro- 
ducing force  by  expansion.  An  engine  working  by 
steam  of  nearly  the  same  density  as  the  water  pro- 
ducing it,  and  expanding,  .say  one  ihonaandfold  in 
the  cylinder,  would  be  theoretically  nearly  a  perfect 
engine. 

33.  That  is  to  say,  if  you  could  introduce  into 
the  cylinder  steam  at  its  maximum  pressure  in  a 
liquid  state,  heated  up  to  the  point  at  which  water 
expands  mto  steam,  you  would  have  a  perfect  engine, 
and  would  retdize  the  full  effect  ? — It  would  be  the 
most  perfect  engine  which  I  could  conceive. 

34.  That  would  involve  beginning  with  a  pres- 
sure and  a  heat  which  would  be  perfectly  impi-ac- 
ticable  ?— Yes ;  but  it  is  a  question  of  practice  to 
determine  how  much  of  that  theoretical  effect  could 
be  attuned  to. 

35.  In  the  beat  steam  ragines  at  present,  so  far 
from  that  being  the  case,  the  steam  is  produced  at 
a  Tcry  moderate  pressure  and  at  a  very  moderate 
heat ;  and  the  power  actually  evolved,  X  presume,  will 
be  proportionate  to  the  disappearance  of  the  heat  in 
the  process  ? — ^Yes. 

36.  Whatever  heat  is  left,  whether  in  water  or 
in  condensed  steam,  represents  so  much  loss  P — Pre- 
cisdy  so. 

37.  And  whatever  heat  is  lost  by  producing  the 
Steam  at  m  low  temperature  into  this  cylinder  is  also 
lost  ?— Yes. 

38.  If  you  produce  it  by  a  pressure  of  300  in- 
stead of  1,200,  then  the  difference  between  the  1,200 
and  the  300  represents  one  element  of  loss,  and  the 
other  element  of  loss  will  be  that  heat  which  remains 
after  the  steam  escapes  from  the  cylinder  P— Yea  ; 
I  consider  that  the  one  depends  upon  the  other  to  a 
grei^  extent.  If  you  commence  in  your  cylinder  with 
a  comparatively  low  temperature  and  low  pressure, 
it  is  impossible  to  realize  the  full  expansive  effect  of 
the  steam,  and,  thcrefiHre,  a  lai^r  quantity  of  heat 
will  reach  the  condenser  than  would  bo  the  case  in 
an  engine  commencing  with  a  much  higher  initial 
pressure  and  temperature.  Now,  an  analogous  diffi- 
cult is  met  with  in  caloric  engines.  In  order  to  get 
the  tSieoretical  duty  fVom  a  caloric  engine  we  must 
ccmimMice  the  expansion  at  a  temperature  approaching 
the  temperature  of  the  fire,  and  work  down  expan- 
sively to  the  lowest  possible  limit ;  and  we  are  met  by 
the  same  order  of  difficulties  which  obtain  witii  regard 
to  the  steam  engine. 

39.  You  have  stated  that  in  the  best  engiue 
which  has  actually  been  constructed  the  best  prac- 
tical result  which  has  been  obtained  is  the  realization 
of  oa\y  about  one  tenth  of  the  theoretic  power  of 
the  fuel  ?— That  is,  takuig  the  ooal  to  be  pure  coal 
and  not  a  mixture,  about  11  per  cent  are  realized. 

40.  With  the  best  coal  you  say  that  the  theoretic 
power  is  something  like  11,000,000,  and  that  with 
an  average  coal  it  is  something  like  9,000,000  or 
10,000,000;  so  that  we  are  not  very  far  from  the 
truth  when  we  say  that  the  greatest  effect  is  about 
one  tenth  with  the  average  quality  of  coal  ?•*-!  think 
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that  it  is  one  ninth  of  what  pure  carbon  should       £  g 
realize. 

41.  Ton  have  spokoi  of  a  practical  effect  of  ^' 
1,200,000  pounds  ?— Yes. 

42.  And  that  is  more  thui  you  get  ? — ^Ti^ing  pore  sSthlM.  18«» 
Kewoastle  coal  you  get  about  one  tenth. 

43.  Taking  all  sorts  of  steam  engines,  what  do 
you  suppose  would  be  the  actual  realized  effect  of  the 
coal  ? — Not  above  one  third  of  that. 

44.  That  is  to  eay,  that  about  one  thirtieth  of  the 
whole  theoretic  value  of  the  coal  is  at  present  realized 
in  power  ? — Yes  ;  taking  the  average  engines,  such 
as  we  find  them. 

45.  So  that  there  is  a  prodigious  field  for  im* 
provement  in  that  direction  ? — No  doubt. 

46.  What  ai-e  your  views  as  regards  the  proba- 
bility of  making  improvements  in  that  field? — I 
believe  that  a  great  deiu  could  be  done  by  improving 
upon  the  known  principles. 

47.  You  refer  to  expansion  uid  to  jacketing  tiie 
cylinders.  By  carrying  out  those  principles  what 
extent  of  improvement  do  you  think  would  be 
effected  ? — It  is  very  difficult,  if  not  impossible,  to  fix 
the  limits  of  ultimate  practical  attainments.  Practical 
difficulties  are  elastic,  and  in  proportion  as  our  me- 
chanical means  and  our  tools  are  improved  we  shall 
be  able  to  approach  nearer  to  theoretical  limits. 

48.  Would  you  anticipate  using  steam  of  very 

much  higbei*  pi-essure  to  begin  with  ?  Certainly. 

I  do  not  mean  to  say  that  I  would  advise  yon  now 
to  construct  an  engiue  cairying  steam  of  perh^s 
30  atmospheric  pressure ;  but  I  can  conceive  that 
engines  will  be  coniitructed  working  with  steam  of 
'60  atmospheric  pressure,  and  working  that  steam 
down  to  perhaps  one  quarter  atmospheric  pressure. 

49.  We  have  not  to  do  so  mucli  with  theoretical 
conuderations  as  with  practical  (mes.  The  real  ques- 
tion is,  what  is  the  probabiUty  or  the  feasibility  of 
applying  the  piinciples  to  which  you  have  referred  to 
economy  in  the  productionof  power  by  the  steam  engine. 
As  a  practical  question,  do  you  think  that  it  is  probable 
that  any  large  saving  of  coal  will  be  effected  by  im- 
provements in  the  steam  engine? — I  believe  that 
considerable  saving  of  fuel  can  yet  be  effected  in  the 
steam  engine  by  a  better  attention  to  the  mode  of 
burning  the  fuel  under  a  boiler,  and  by  more  careful 
attention  to  the  condiiiou  of  the  engine  itself,  without 
travelling  beyond  known  practical  principles. 

50.  (Mr.  Vivian.)  What  would  you  suugest  as 
a  better  system  of  burning  fuel  nndet  boilers? — I 
am  hardly  prepared  to  answer  that  question.  I  have 
mentioned  that  I  have  applied  gas,  but  that  I  do  not 
anticipate  any  xery  essential  economy  from  it,  but 
rathor  convenience 

51.  Wlienco  do  you  think  that  the  chief  loss 
arises  from  burning  fuel  under  boilers  ?  You  have, 
I  think,  stated  that  ne^irly  one  half  of  the  effect  is 
lost  in  the  first  instance  ? — The  first  essential  loss 
consists,  no  doubt,  in  imperfect  combustion.  Although 
there  may  be  an  excess  of  oxygen  present,  the  flame 
gets  reduced  in  temperature  so  rapidly  that  the 
chemical  action  between  carbon  and  oxygen  ceases 
before  combustion  is  completed,  resulting  in  the  em- 
ployment of  an  excess  of  cold  air,  which  is  carried, 
iu  the  form  of  hot  air,  into  the  chimney,  and  resulting 
also  in  unconsumed  carbonaceous  matter  being  carried 
with  it  into  the  chimney. 

52.  So  that  you  have  a  double  loss,  namely,  the 
loss  attributable  to  the  non-deposit  of  carbtmoceous 
matter,  and  the  loss  attributable  to  the  excess  of  the  • 
heat  extracted  by  atmospheric  air  ?— Yes. 

53.  Can  you  state  any  means  by  which  that  loss 
can  be  reduced  ? — ^There  are  mechanical  grates  by 
which  the  loss  can  be  very  materially  diminished. 

54.  (Sir  JTm.  Armstong.)  You  mean  grates  in 
which  the  fuel  is  systematically  fed  ? — Yes. 

55.  Such  as  Jokes',  and  apjnratuses  of  that  kind  ? 
—Yea 

56.  Do  you'  know  that  in  grates  of  that  kind  the 
saving  of  fuel  is  coosiderable  ?— A  considerable  saving 
is  edited.  Another  way  ia  by  the  use  of  gai^  vhicb, 
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B  6       although  not  proTod  to  save  a  large  proportion  of  fuel 
f  W  vijm^  beyond  a  good  grate  such  aa  Jukes',  is  nererUieless 
better  calculated  to  deal  with  these  losses. 

 J.  57,  (Jtfr.  Vivian.)  To  what  do  yon  attribute  the 

isthV^  1BS9.  diminished  ecflfect  of  gas  in  bwlers  compared  with  that 
which  yon  obtun  by  gas  in  furnaces  ? — There  is  not 
the  same  margin  for  recorering  heat  In  the  case 
of  a  boiler  Uie  products  of  combustion  escape  into 
the  chimney  say  at  a  temperature  of  500  degrees,  and 
the  regen^tor  could  only  recover  sny  300  of  those 
degrees ;  whereas  in  a  fhmaoe  for  wdding  iron  the 
products  of  combnstion  escape  into  the  chimiMT  at  a 
temperature  say  of  8,000  degrees,  and  2,800  of  those 
degrees  can  be  recovered  by  the  regenerator. 

58.  Then  do  you  imagine  that  the  economic  efiect 
is  greater  by  coal  used  nnder  boilers  than  under 
furnaces,  referring  always  to  the  theoretical  pOTrer 
of  coal  ?— It  is  distinctly  so.  Theoretically  speaking, 
the  heat  required  to  melt  a  pound  of  ice  would  pro- 
bably not  far  exceed  the  heat  required  to  melt  a 
pound  of  steel,  yet  practically  we  should  meet  with 
a  very  diffinent  result 

69.  {Sir  Wm.  Armstrong.)  There  is  an  enor- 
mous waste  in  the  one  case,  and  very  little  waste  in 
the  other  ? — ^Yes.  One  source  of  waste  in  the  one 
case,  and  not  in  the  other,  is  hy  radiation.  We  can 
diminish  tiiat  waste,  but  can  never  quite  obviate  it 

60.  {Mr.  Ftvum.)  Then  although  there  is  a  loss 
of  nine  tenths  in  the  empli^ment  of  fuel  trader  steam 
boilers,  there  is  a  still  greater  loss  in  the  emplOTment 
of  fuel  in  furnaces? — Vastly  greater  ;  but  aluiongh 
the  loss  of  caloric  in  firing  steam  boilers  is  not  very 
great  as  compared  with  the  loss  encountered  in  heat- 
ing iron,  yet  in  working  an  engine  the  loss  is  also 
very  great,  owing  to  the  additional  waste  of  heat  in 
applying  the  steam  to  the  power. 

61.  I  would  rather  put  it  that,  inasmuch  as 
nearly  one  half  is  lost  in  the  raising  of  steun,  you 
nmsider  that  much  more  than  one  half  is  lost  in  the 
working  ci  the  furnaces? — In  working  high  tem- 
perature fiimaces  nineteen  twentieths  are  lost 

62.  To  what  is  that  loss  attiribntable  ? — Sn  the 
first  place  to  the  high  temperature  at  which  the  gases 
leave  the  woik.  Secondly,  it  is  atfributaUe  to  the 
imperfect  combustion  which  generally  takes  place  in 
high  temperature  fbmacefl^  because  we  fuel  is  partly 
voUtised  by  the  heat  of  the  furnace,  without  entering 
into  combustion  with  oxygen. 

63.  When  those  gases  arrive  at  the  top  of  the 
stack,  and  encounter  atmospheric  ur,  must  they  not 
necessarily  bum  ? — Unless  the  temperature  is  still 
high  enough  to  bum  them,  they  will  escape  unbumt 
into  the  atmosphere  in  the  form  of  smoke,  which  may 
or  maj  not  be  visible.  If  at  the  top  of  the  etMx. 
there  is  sufficient  temperature  to  ignite  the  smoke,  it 
may  be  partially  burnt  there,  but,  generally  speaking, 
the  cas  »  so  mixed  with  carbonic  acid  as  to  render 
{tartoer  cunbustion  impoasible.  hi  &ct,  combustion 
should  always  be  completed  in  one  weniticm,  because 
If  a  large  {nroportion  of  carbmiic  aad  gas  has  been 
allowed  to  mix  with  the  gases  of  combustion,  UkuA 
carbonic  acid  will  efiectnally  stop  further  combustiim, 
and  therefore,  unless  the  combustion  is  efiected  in  one 
operation  ui  a  furnace,  it  is  almost  impossible  to 
complete  it  by  a  secondary  operation, 

64.  In  many  cases  in  melting  furnaces  we  see 
the  stack  what  is  c^led  topping**  that  is  to  say, 
with  a  large  flame  at  the  top  of  the  stack,  do  we  not  ? 
That  of  course  is  an  indication  of  a  large  amount  of 
unconsumed  fbel  escaping  ? — I  should  say  an  exces- 
sive amount  In  that  case  it  is  an  escape  of  gas  at 
Ihe  top  of  the  ftamace, 

66.  In  many  cases  where  furnaces  are  well  con- 
docted,  ^ven  with  comparativdy  short  stacks  stacks 
of  40  or  60  feet  high,  we  see  intense  heat  in  the 
ftamace  and  no  skn  of  oombn8ti(m  at  the  top  of  the 
•tack,  do  we  not^That  certainly  may  be  the  case. 

66.  In  that  case  should  yon  imagine  tiut  a  veiy 
large  portion  of  carbonic  oxide  and  carburetted 
hydrogCT  was  escaping  ?— It  may  be  so ;  it  depends 
greatly  upon  the  ftaeL  If  the  fuel  is  a  purely 


bonaceous  fuel,  such  as  coke  or  anthracite,  it  would 
be  quite  possible  that  unconsumed  carbonic  oxide 
escaped  from  the  top  of  the  chimney  without  making 
visible  smoke  i  whereas  if  a  hydrocarbon  was  added 
visible  smoke  would  immediately  arise. 

67.  At  what  temperature  is  carbonic  oxide  con- 
verted into  carbonic  acid  ?  I  do  not  ask  the  terapera- 
tnre  which  arises  from  the  converaimi,  but  I  aA.  at 
what  temperature  must  the  two  gases  be  in  wder  to 
combine  ? — At  the  point  <Kf  ignition.  Tl^  point  of 
ignition  of  carbonic  oxide  is  not,  I  bdiev^  above 
500  or  600  degrees  of  Fahrenheit 

68.  Then  do  you  imaghw  that  where  yon  have  a 
laige  ftamace  closely  attaehed  to  a  eoraparatively 
short  stack,  that  temperature  is  not  evolved  at  the 
top  of  that  stack  ? — The  cubonic  oxide  would  not 
enter  into  combustion  if  it  was  already  mixed  with  a 
large  proportion  of  carbonic  acid  gas ;  the  carbonic 
acid  gas  would,  then  extinguish  the  flame,  although 
the  temperature  exceeded  600  degrees  Fahrenheit. 

69.  What  proportion  of  carbonic  acid  gas  do  you 
imagine  would  extinguish  the  flame  ? — cwwider  that 
the  proportion  would  depend  upon  the  temperature-; 
that  is  to  say,  a  small  amount  of  carbonic  acid  gas  would 
prevent  o«nbustion  at  a  temperature  of  600  degreea ; 
whereas  a  much  lai^er  quantity  of  carbonic  a^d  gaa 
would  be  necoasary  to  eztingmsh  tiie  onnbnstion  of 
carbonic  oxide  at  a  rdatividy  high  temperature ;  hot 
the  actual  data  would  be  matter  of  experimeoit 

70.  Snppodng  the  loss  to  be  as  high  as  yon  put 
it,  probably  extending  to  70  or  80  per  cent.,  there 
must  be  that  proportion  of  carbonic  oxide  {ffesent, 
and  only  about  20  per  cent  of  carbonic  acid  preset, 
must  there  not  ? — ^There  might  be  more  cwbonic  udA 
than  carbonic  oxide  present 

71.  Supposing  that  in  a  melting  furnace  only 
about  20  or  30  per  cent  of  the  thecwetical  e&etive 
power  of  the  fuel  were  consumed,  must  not  the 
remainder  escape  in  the  sh^of  unconsumed  carbonic 
oxide  ?— That  would  be  an  extremely  bad  case.  The 
chief  loss  in  a  high  temperature  ftamace  is  throogfa 
the  sensible  heat  carried  away  by  the  chimney, 
another  important  loss  through  the  unctnuHunedgasee, 
a  third  through  unecmhined  oxygen,  and  a  fenrth 
through  radiation. 

72.  I  understood  from  you  in  a  fbrmer  answer 
that  in  your  judgment  a  veiy  huge  portion  of  the 
carbonic  oxide  was  not  converted  into  carbonic  acid 
at  all  ? — ^A  considerable  proportion ;  but  if  it  was  only 
one  fifth  which  was  so  carried  away  it  would  repre- 
sent a  very  great  wast^  because  that  carbonic  oxide 
would  have  to  be  generated,  and  additional  fuel 
would  have  to  be  expended  in  the  grate  to  generate 
it  at  the  elevated  temperature  of  the  furnace. 

73.  In  the  case  of  large  gas  ftamacee  does  not  a 
very  analogoas  waste  occur  in  melting  in  high  tem- 
perature ftamaces  ?-~There  is  a  great  abscsption  of 
heat  in  the  gas  producer,  but  it  is  turned  to  account 
upon  itselfl 

74.  That  is  as  regards  the  caloric  whidi  is  bang 
extracted  from  the  furnace  the  gas,  but  I  am  now 
talking  of  the  chemical  portion  of  the  gas,  namely, 
the  conversion  of  the  carbonic  oxide  into  carbonic 
acid  ? — The  gas  producer  would  be  the  worst  possible 
furnace  which  could  be  imagined.  In  the  gas  pro- 
ducer I  wish  to  avoid  heat 

75.  In  the  furnace  in  connexion  with  the  gas 
producer  do  you  in  your  process  convert  the  whole 
or  nearly  the  whole  of  the  carbonic  oxide  into  car- 
bonic add  ? — The  whde.  I  believe  that  virtually 
there  is  a  perfect  combustion  in  the  gas  furnace  unless 
it  is  mismanaged. 

76.  Then  you  attribute  the  saving  arising  from 
your  furnace  first  to  the  complete  conversi<m  <^  the 
carbonic  oxide  into  carbcmic  aci^  and  secondly  to  the 
abstraction  of  the  caloric  from  the  gases  which  are 
passing  from^  Hba  ftamace  ? — Qoite  sa 

77.  u  that  case  what  Is  the  theoretical  lossl^ 
melting  in  your  furnace?— Tha%  is  no  theoreticu 
loss.  If  I  had  a  perfect  rc^euOTator,  say  a  r^nerator 
-which  would  diachaige  the  prodoots  of  oombnation  at 
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60  degrees  Fahrenheit,  and  if  I  had  no  loss  by  radia- 
tion to  contend  with,  I  muntaia  that  the  furnace 
utilizes  the  whole  theoretical  effect  of  the  gaseous  fuel. 
In  the  generation  of  the  gaseous  fuel  there  is  a  loss  of 
nearly  one  sixth  part  of  the  theoretical  duty  of  which 
it  would  be  capable. 

78.  What  is  the  pracUcal  loss  in  your  furnace ; 
I  mean  taking  the  faroace  right  through  from  the 
prodooer  to  me  time  when  f£e  gas  wsaipea? — The 
practical  loss  is  the  loas  in  the  Reducer  of  eay  900 
degrees  or  1,000  degrees  of  heat  in  the  gas  ;  not  in  the 
products  of  combustion,  because  the  Tolume  of  gas 
only  represents  about  two  fifth  part  of  the  yolume  of 
the  products  of  combustion.  Therefore,  in  comparing 
this  loss  in  the  gas  producer  with  the  loss  in  an 
ordinary  furnace,  it  represents  about  400  degrees  of 
heat,  which  would  be  earned  away  from  the  furnace 
to  the  chimney.  The  second  loss  in  the  regenerative 
gas  furnace  is  in  the  actual  temperature  at  which  the 
products  of  combustion  reach  the  chimney;  and,  taking 
that  at  200  degrees  above  the  atmosphere,  a  Airther 
loss  of  200  degrees  u-ises,  which  with  the  first  loss 
■mounts  to  600  degrees.  These  600  degrees  repre- 
sent about  one  sixth  part  of  the  total  quantity  of  heat 
goierated  throng  pmect  combustion  of  fiieh 

79.  So  that  m  your  furnace  83  pw  cent  of  the 
theoretical  value  of  Uie  fuel  is  utilized  in  the  melting 
of  anythmg  at  a  high  temperature  ? — ^Tes ;  barring 
radiation,  theoretically  speaMng  that  is  so. 

80.  So  that,  whereas  in  an  ordinary  furnace  the 
effect  produced  is  far  below  50  per  cent  of  the 
theoretic  power,  in  your  furnace  83  per  cent,  is 
realized,  less  the  radiation  ? — Yes,  if  compoi'ed  with 
a  steam  boiler  furnace,  but  in  an  ordinary  high  tempe- 
rature furnace  not  10  per  cent,  are  utilised. 

61.  You  have  stated  that  in  melting  steel  12  cwt. 
of  coal  represent  in  your  process  3  tons  of  coke 
in  the  ordinary  Sheffield  process  of  melting  in  pots; 
do  you  use  pots  in  that  case  ?— Yes  ;  I  have  made  a 
ctnnparison  between  two  pot  fbmaces.  I  have  lately 
got  an  exact  statement  ox  the  randt  of  eeroral  pot 
melting  furnaces  heated  by  the  regenerative  gas 
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furnace,  and  the  cou8umpti<m  does  not  exceed  12  cwt 
per  ton  of  steel  melted. 

82.  (Sir   miliam  Armstrong)   Is  your  method  ^- 
extensively  applied  to  steel  melting? — It  is  extrai-  ^' 
sively  ap^ied  abroad,  in  the  United  States  and  else-  95a F^b.  I8W. 
where. 

83.  But  not  in  England? — It  is  b^inning  to  be 
employed  extensively  in  Sheffield,  Lee^  and  other 
places  for  melting  steel  both  in  pots  and  on  the  open 
hearth. 

84.  (Jfr.  Vtviatu)  Can  yon  state  the  cost  of  ap. 
plying  one  of  your  gas  apparatuses  to  an  ordinuy 
reverberator^  vaxm/x  ? — The  cost  of  a  r^cnerative 
gas  furnace  is,  generally  speaking,  double  that  of  an 
ordinary  furnace  of  the  same  kind. 

85.  Irrespectively  of  the  cost  of  the  furnace  itself 
what  is  the  cost  of  the  mere  gas  portion  of  the  ap- 
paratus ? — The  cost  of  gas  producers  and  regenerators 
is  quite  equal  to  the  cost  of  the  furnace. 

86.  Including  the  stack  ?  —  Including  the  stack 
with  the  furnace  in  both  cases. 

87.  (Sir  William  Armstrong^  You  have  the  gas 
producing  apparatus  and  yon  have  the  furnace  itsdf  7 
—Yes. 

88.  The  furnace  itself  I  understand  yon  to  say 
would  cost  double  ? — have  lately  had  a  case  in  point 
where  an  estimate  had  been  made  for  six  fomaces, 
and  I  was  asked  to  make  ui  estimate  of  what  it  would 

cost  if  regenerative  gas  furnaces  were  used  ;  my  esti- 
mate was  a  little  above  double  the  cost  of  the  ordinary 
furnaces. 

89.  Including  the  gas  producers  ? — ^Including  the 
gas  producers,  it  was,  I  believe,  2,400/.  versus  1,1002. 
But  there  is  this  iu  favour  of  the  gas  furnace,  that  it 
does  30  per  cent,  more  work  in  a  given  time. 

90.  {Mr.  Vivian.)  The  same  sized  furnace  ?  — 
The  same  uced  furnace,  it  heats  more  quickly  and 
costs  therefore  for  a  given  production  only  some  30 
per  cent  more  than  tiie  ordinary  furaace,  which  extra 
coat  is  soon  i-ecovered  by  reduced  cost  of  wear  and 
tear  independently  <^  savings  of  fuel*  iron,  &c. 


The  witness  withdrew. 


WiLLUK  UxMELAtTS,  Esquip^  {tiS  DowIuB,  Mertbyr  lydvil,)  examined. 


91.  (CAatrnton.)  You  are  now  connected  with 
the  Dowlais  Ironworks  as  manager  of  them  7—1  have 
been  for  25  years  connected  with  iron  making,  17  of 
frtiieh  have  been  spent  at  Dowlais. 

92.  Tlierefbre  you  have  a  hu^e  experience  in 
iron  mano&ctiire? — Yes;  I  have  been  manager  of  the 
Dowlais  Inm works  since  18£6. 

98.  You  have  already  smt  in  to  the  Commission, 
throogh  Vx.  Clat'k,  your  remarks  oa  the  sn^^estions 
wbidk  were  issued  for  the  con^deration  of  members. 
Ukace  is  a  lai^  amount  of  infcnmatiou  comprised  in 
your  paper,  which  I  suppose  we  may  take  as  your 
evidence  ?— That  is  so.  Not  knowing  that  I  should 
be  examined,  I  sent  this  p^r  to  Mr.  Clark,  thinking 
tiiat  he  vroidd  be  enabled  to  convey  to  the  Commis- 
sion in  this  form  the  information  which  I  could  give. 
In  answer  to  the  printed  questions,  within  my  know- 
ledge the  smiUlest  quantity  of  coal  ever  used  to  pro- 
duce a  ton  of  pig  iron  is  20  cwts.  statute  weight, 
and  this  was  at  Ko.  18  furnace,  Dowlais. 

94.  {Dr.  Psresf.)  What  quality  of  pig  was 
made?— Grey  foundry  iron,  about  No.  8.  The  best 
rMolts  vbidL  we  have  had  is  the  consumption  of 
30  cwts.  ^  coal  to  a  ton  of  ^g  iron  made,  and  the 
furnace  has  worked  thus  for  weeks.  This  furnace 
finr  l<mg  periods,  say  for  a  year  at  a  time^  crasmned 
mly  26  cwts.  of  coal  to  the  ton  of  iron,  and  fire- 
qnoitly  touehed  20  cwts.  G^erally  speaking,  white  - 
iron  can  be  made  at  a  lower  yield  of  coal  than  grey, 
but  as  there  are  greater  chances  of  irregularity  in 
the  working  of  a  fomace  on  white  iron,  tending  to 
increase  the  consumption  of  ooal,  you  may  take  it 
that-a  fivnaoe  mAking  No.  8  iron,  and  in  good  work- 
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ing  order,  will  be  so  near  tiie  furnace  making  white 
iron  that  No.  3  may  be  taken  as  a  standard  for  the  SSfliF^  1869, 
consumption  of  fuel.  I  think  that  38  cwts.  of  coal, 
that  is  raw  coal,  or  c<Ae  reduced  to  raw  coal,  may 
be  taken  as  the  average  quuitity  used  for  making 
No.  3  pig  iron  in  the  South  Wides  district  That 
has  reference  to  the  questions  in  this  paper. 

95.  {Sir  fFm.  Armttrong.')  The  average  result 
is  88  cwt  ? — Yes.  The  ecommiical  woiiting  of  a 
foroace,  Irrespectively  of  the  quality  of  the  materials 
used,  depends  mostly  on  four  conditions,  viz.,  capa- 
city, shape,  supply  of  blast,  and  temperature  of  blast. 
There  is  no  doubt  that  the  larger  the  furnace,  within 
certain  limits,  the  better  the  work.  Furnaces  about 
18  or  20  feet  across  the  boshes  «aA  50  feet  high 
seem  best  suited  to  the  materials  of  the  South  Wales 
district.  In  the  North  of  England  furnaces  are 
being  built  100  foet  high,  and  every  increase  in 
height  and  capacity  seoms  to  be  attended  with  a 
saving  in  fuel ;  but  the  Durham  coke  is  hard  and 
will  ^ar  great  weight,  whereas  the  foel  in  South 
Wales  is  friable ;  and  50  foot  seems  to  be  Uie  limit 
in  hei^t  to  whidi  blast  furnaces  should  be  buil^ 
and  from  18  to  22  feet  at  most  in  diameter  across 
the  boshes.  With  fumaoss  of  tiiia  sise  and  of 
proper  Bh^>e  it  se«ns  practicable  to  make  No.  8 
iron  wiUi  20  ewts.  of  coal  to  the  ton*  that  is,  witii  all 
the  eonditions  &vourahle.  No  doubt  the  arriving  in  ■ 
the  first  place  at  the  best  shane  is  a  difficult  matter, 
and  maintaining  that  shi^  is  even  more  difficult 
At  present  the  good  working  of  a  furnace  is  to  some 
ext^t  an  accident,  but  it  might  be  much  less  so . 
if  m«e  care  and  Attentum  were  paid  to  the  materinip . 
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used  in  the  lining  of  the  furnace,  and  hy  steadily 
blowing  out  and  re-lining  eveiy  furnace  as  soon  as. 
If,  JfioMfaitt,  through  wear  or  other  causes,  it  consumes  more  than 
«  standard  quantity  of  coal.    One  essential  to  the 
•sAibirian  Rood  working  of  a  furnace  is  a  steady  supply  of 
sBiu««B.i9»*'  ^j^^        pressure  sufficient  to  insure  its  reaching 
the  centre  of  the  furnace.   The  pressure  required 
will  depend  on  the  nature  of  the  fuel  and  the  me- 
chanical condition  of  the  ore  and  fuel.    For  the  fiiel 
used  in  South  Wales  the  pressure  of  4  lbs.  to  the 
inch  seems  to  be  most  economicaL   But  satisftctory 
experiments  are  wanting  with  a  pressure  hij^  than 
4  lbs  per  square  inch.   As  to  the  temperature  of  the 
bhist,  there  can  be  no  doubt  that  the  higher  the 
temperature  ia  the  less  fuel  will  be  used  in  the  fur- 
nace.   The  temperature  is  limited,  however,  by  the 
fact  that  when  very  high  temperatures  are  aimed  at 
the  oast-iron  stove  pipes  are  melted,  and  this  seema 
to  put  a  practical  limit  to  increased  economy  in  this 
direction  until  some  plan  is  devised  for  heatmg  the 
blast  in  chambers  of  fire-resisting  material  which 
Tirill  bear  a  much  higher  temperature  than  cast-ii-on. 
This,  however,  is  a  difficult  question,  and  it  is  not 
easy  to  see  how  regularity  of  temperature  is  to  be 
maintained  otherwise  than  by  the  present  system, 
whidi  answers  admirably  but  for  the  defect  above 
alluded  to.   In  all  cases  the  waste  gases  should  be 
utilized  for  heating  the  blast  and  producing  steam. 
If  any  practicable  scheme  could  be  devised  for  free- 
ing the  gas  entirely  from  dust  it  would  be  a  great 
improvement,  as  the  stove  pipes  and  boilers  get 
rapidly  coated,  and  of  course  absorb  less  heat  in 
consequence.    Various  plans  have  been  suggested, 
and  some  of  them  tried,  but  ec  far  without  complete 
success.   The  great  fault  in  blast  furnace  manage- 
ment in  Soutli  Wales  seems  to  bo,  thut,  from  old 
fashioned  notions,  we  are  very  reluctant  to  blow  out 
a  fbmace  when  it  gets  out  of  order.   In  old  times 
the  blowing  out  of  a  blast  furnace  was  a  great  event 
in  the  history  of  the  works,  and  was  a  sulgect  of 
mature  cimsideration  for  probably  years,  and  this 
feeling  still  remains  to  some  extent,  and  furnaces  are 
kept  in  blast  doing  bad  work  as  regards  quality, 
and  wasting  fi*om  10  owt.  to  a  ton  of  fuel  fin:  every 
ton  of  iron  produced,  and  that  for  a  long  period ; 
whereas  the  moment  it  Is  clearly  apparent  that  a 
furnace  through  wear  of  the  lining,  or  from  other 
causes,  has  got  into  a  bad  condition,  it  ought  at 
once  to  be  blown  out  and  rebuilt  or  relined.  Taking 
20  cwts.  of  coal  as  the  minimum  at  which  a  ton  of 
No,  8  iron  can  be  made,  according  to  our  present 
experience,  I  think  that,  with  our  pi-esent  knowledge 
in  South  Wales,  we  should  not  rest  satisfied  until 
the  average  consumption  of  fuel  is  brought  down 
to  25  cwts.  to  the  ton  of  pig  iron  produced.   I  think 
that  we  might  arrive  at  that,  that  is,  where  hot  blast 
is  used.   It  is  probable  that  where  coke  alone  is 
used  on  the  furnaces  the  waste  gases  may  be  found 
ifuufflcient  to  heat  the  blast  and  raise  steam  ;  but 
there  is  a  wide  fidd  for  economy  in  the  production 
and  use  of  steam  in  most  ironwrn-ks,  and  if  the  best 
known  appliances  for  producing  steam  cheaply  and 
using  it  economically  were  introduced  in  the  boilers 
and  engines  at  ironworks,  I  am  of  opinion  that  in 
every  case  the  waste  gases  from  the  blast  furnaces 
would  be  found  sufficient  to  heat  the  blast,  and  pro- 
duce all  the  steam  required  for  the  blast  furnaces, 
especially  if  the  waste  heat  of  the  coke  ovens  was 
utilized,  thus  reducing  the  total  quantity  of  coal  used 
in  the  production  of  a  ton  of  pig  u'on  to  25  cwts., 
plus  the  small  quantity  of  coal  required  to  calcine 
the  native  mine ;  but  this  also  in  most  casra  might 
be  done  with  the  waste  gases,  in  addition  to  the  hot 
blast  and  boilers.    There  is  a  large  question  as  to 
the  preparation  at  material,  say  the  drying  of  ore, 
ud  tiie  pr^aration  of  the  o^er  materials  before  th^ 
an  pat  in  the  fhmaees.  It  is  difficult  to  come  to  a 
just  eottdosion  as  to  the  saving  which  this  would 
effect,  but  there  is  no  donbt  it  would  be  very  con- 
siderable. I  now  eome  to  the  mills  and  forges.  The 
•Tenge  quantity  of  coal  used  at  Dowlais  for  pro- 


ducing a  ton  of  puddled  bars  is  4  cwts,  large,  and 
13  cwts.  small  coal,  making  a  total  of  17  cwts.  I 
may  say  that  our  attention  has  been  very  much 
directed  in  the  last  12  years  to  the  utilization  of 
small  coal.  We  sell  the  lai^  coal,  which  is  excel- 
lent steam  coal,  and  we  have,  therefor^  a  lai^e 
quantity  of  snudl  to  dispose  of,  and  our  attention  has 
been  directed  to  the  use  of  this  small  coal,  making  it 
take  the  place  of  the  large.  Twenty-five  years  ago 
it  was  the  practice  to  carefully  separate  all  the  small 
fVom  the  cimQ  delivered  to  the  puddling  furnaces,  and 
send  it  to  the  boilers ;  we  now  use  the  small  ahnost 
entirely  for  puddling. 

96.  (Mr.  Geddes.)  Is  that  screened  coal  ?— Tes. 
We  generally  mix  about  one-third  of  binding  small 
coal  with  the  free-burning.  We  find  that  a  mixture 
of  about  one-third  of  bituminous  coal  answers  welL 

97.  (Mr.  Vivian.)  What  is  about  the  depth  of  the 
grates  ? — There  ia  from  about  a  foot  to  15  inches  of 
coal  on  the  bars.  The  aven^  quantity  of  coal  used 
in  the  South  Wales  works  may  be  taken  at  from  17 
to  20  cwts.  to  produce  a  ton  of  puddled  bars.  There 
is  a  further  quantity  of  3  cwts.  of  small  coal  per  ton 
of  puddled  bars  used  at  Dowlaia  to  produce  steam  for 
hammering  and  rolling  the  puddled  iron ;  this  used  to 
be  4  cwts.  large  and  1  cwt.  small,  making  a  total  of 
5  cwts. ;  but  the  blast  frmnce  gases  have  been  carried 
to  the  forges,  where  they  are  used  to  aid  in  producing 
steam,  and  in  this  way  a  large  saving  has  been  effi»ted. 
Also  the  waste  heat  of  the  puddling  furnace  has  been 
applied  to  the  same  purpose,  but  not  extensiv^.  In 
the  South  Wales  district  little  has  been  done  to  utilize 
the  waste  heat  of  the  puddling  and  heating  furnaces, 
and  in  most  of  the  works  coal  is  used  to  produce 
ateam.  This  is  all  wrong  ;  the  heated  gases  leave  the 
puddling  and  balling  furnaces  at  the  temperature  of 
molten  iron  or  nearly  so  ;  and  the  old  notion  was,  that 
to  produce  the  necessaiy  draught  in  the  chimney  these 
gases  should  not  be  reduced  in  temperature  by  passing 
them  under  the  bdlers.  It  is  needless  to  say  that 
this  is  an  error,  as  a  chimney  at  the  temperature  o£ 
molten  lead  (not  molten  iron)  is  in  the  best  conditioa 
to  draw  throu^  it  the  largest  quantity  of  air.  As  a 
matter  of  experience  the  waste  heat  of  puddhng  and 
mill  furnaces  is  am^j  sufficient  to  jmiduce  all  tiie 
steam  required,  and  no  coal  ia  therefbre  neoesamr  to 
inodoce  steam  in  foi^es  and  mills.  In  South  Wales 
we  have  not  introduced  any  plan,  to  a  large  extent, 
for  utilizing  the  waste  heat  of  puddling  and  belling 
fniiiaces  ;  one  reason  is,  we  often  find  ^t  it  will  pay 
us  better  to  em}doy  our  capital  in  extemdons  on  the 
cAA  plan  than  on  improvements.  For  the  jnodtiction 
of  steam  in  forges  and  mills  in  South  Wales  there  is 
used  over  a  quarter  of  a  million  tons  of  coal  yeariy, 
which  might  be  all  saved.  Until  lately  it  was  con- 
sidered necessary  almost  to  hand  pick  coal  for  pud- 
dling, no  small  was  used.  The  coal  is  now  used 
tiirough  and  through  in  neariy  all  the  works,  but  iu 
some,  as  at  Dowlais,  a  lu^e  proportion  of  tihe  coal 
used  is  small.  We  find  that  by  the  apf^ication  of  fim- 
blast  we  can  use  small  ooal  almost  ratirdy.  We  are 
now  putting  up  some  of  Siemens'  furnaces  ;  they  are 
expensive  to  begin  with,  and  we  are  going  into  the 
thing  very  carefblly,  so  as  to  be  quite  sure  that  we 
are  right  befmv  introducing  them  lai^gely ;  but  I  am 
quite  satisfied  tlwt  for  heating  iron  and  more  especiaUy 
steel,  and  probably  for  puddling,  this  system  is  a  very 
great  improvement  upon  the  <M  plan. 

98.  (Sir  fVilliam  Armstrong.)  But  you  have  no 
experience  of  Siemens*  furnaces  as  yet  ?— Ko ;  we 
are  putting  up  a  few  as  an  experiment,  that  is  for 
heating  steel.  We  expect  to  be  able  to  m^e  a  very 
considerable  saving  in  fuel,  but  a  greater  saving  in 
steel,  by  tiie  use  of  the  Siemens  furnace.  To  return 
to  the  use  of  small  coal.  The  application  ot  fim  blast 
has  enabled  the  ironmaster  to  use  small  coal  in  pud* 
dlin^,  which  before  he  was  unable  to  da  This  simple 
apphanee  of  fux  blast  has  eifliected  a  very  great  mtmey 
saving,  and  the  use  of  small  coal  instead  of  lai^ge  is 
grea^  on  the  increase,  especiidly  in  ^e  Meam  ooal 
districts,  where  the  lai^  ooal  is  sold  for  steam  pur* 
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poses,  and  the  small  is  used  at  the  worics  &r  paddling, 
&c.  The  onlj  practicahle  method  of  Baving  fnd  where 
it  is  used  in  a  s^id  state  seems  to  be  the  sabstitntion 
of  small  for  large  coal,  and  utilizing  the  waste  heat  of 
all  the  puddling  and  heating  furnaces  for  the  pro- 
duction of  steam,  thus  reducing  the  use  of  fuel  to  that 
used  in  the  furnaces  thcmBolves.  In  the  North  this 
method  has  been  more  generally  carried  out  than  in 
South  Wales.  There  is  one  great  source  of  waste  from 
using  fuel  in  a  solid  state,  from  the  large  quantity  of 
cokes  which  drop  through  the  bni-s,  not  less  perhaps 
than  10  per  cent.;  tliis  is  sent,  in  nearlj  all  the  worl^ 
to  the  ash  tij^  and  is  lost.  If  the  fuel  was  used  in 
the  form  of  gas,  this  source  of  waste  would  be  got 
rid  of;  and  if,  in  addition,  tho  regenerative  eystem  of 
Siemens  was  applied,  I  am  of  opioion  that  a  large 
saving  of  fi^  wonld  be  effected.  Siemens*  plan  is 
coming  into  use  in  steelworks  for  heating  tho  steel 
ingots,  and  there  can  be  no  doabt  ahont  the  economy 
in  fuel  ;  but  it  has  even  a  greater  merit.  With  gas 
you  have  the  power  of  maintaining  a  slight  pressure 
in  the  heatiug  furnace,  excluding  the  cutting  di-aughts 
of  air  which  waste  iron  and  steel  to  a  veiy  seiious 
extent  It  is  impossible  at  present  to  estimate  tlie  full 
value  of  the  use  of  tho  regenerative  furnace  and  gas 
fueL  I  am  inclined  to  believe  that  it  will  produce  a 
revolution  in  our  method  of  treating  iron  in  its  con- 
version from  puddled  bars  to  finished  iron  especially. 
The  f<^wiog  fU'c  the  results  wliich  I  think  it  would 
not  be  unreasonable  to  expect  from  improvements  in 
the  manufacture  of  iron  in  the  South  Wales  district : 
A  saving  of  fifteen  hundredweights  of  coal  on  each 
ton  of  pig  irtm  produced  in  the  Mast  furnace ;  a 
saving  <n  at  least  20  per  cent,  in  the  cost  of  the  fuel 
flDF  puddUng,  and  20  per  cent,  in  the  cost  of  the  fuel 
for  heating,  including  engines,  and  probably  1  cwL  of 
u'on  per  ton  of  rails  by  the  use  of  gas  fuel. 

99.  {Sir  William  Armstrong.)  The  saving 
which  you  have  made  out  in  the  heating  department 
is  based  upon  the  application  of  the  waste  heat  to  the 
raising  of  steam,  is  it  not  P — Yei«,  mostly,  or  by  the 
i9pUcati(m  of  the  Siemens  furnace. 

100.  If  yon  Dse  the  waste  heat  tax  the  raising  of 
steam,  do  not  you  take  away  the  mai-gin  which  Mr. 
Siemens  holds  out  ? — ^Yes  ;  you  must  either  take  the 
heating  furnace  as  it  is,  and  utilize  the  waste  heat 
in  producing  steam,  or  you  must  adopt  Sleiticns' 
furnace,  and  produce  steam  in  tho  wdinary  way. 

101.  Then  have  yon  not  reckoned  it  twice  over  ? 
have  looked  at  the  South  Wales  district  as  a 

whole,  and  I  have  no  hesitation  in  saying  that  20  per 
cent.  the  cost  of  fuel  might  be  saved  in  the  mills 
uid  foifies  either  by  Uie  application  of  well-known 
methods  for  Uie  utilization  of  the  beat  from  solid  fael, 
or  by  the  use  of  Siemens'  furnace. 

102.  Wonld  you  save  fuel  by  Siemens'  plan  ? — 
Yes.  The  present  plan  of  burning  fuel  is  very  bar- 
barous indeed.  If  you  watch  a  puddler  yon  will 
observe  that  in  cleaning  his  grate  he  pulls  out  a  bar, 
or  even  two  bars,  and  mt&es  a  great  hole  in  the  grate, 
and  that  is  repeated  perhaps  ten  times  in  the  day,  and 
you  have  not  anything  like  the  proper  conditions  under 
which  the  grate  ooght  to  be  for  the  burning  of  fuel 
eoraomic^ly.  Added  to  this,  yon  have  continual 
earelessness  in  other  ways.  You  can  only  get  pofbot 
combiution  where  yon  have  high  skill  and  givat  care, 
and  with  150  pnodling  fhinacea  as  we  have  it  is 
impossible  to  arrive  at  anythii^  like  perfieotion.  If 
yon  use  gas  fuel  you  have  fewer  skilled  men  to  deal 
with,  and  the  management  of  a  gas  furnace  is  very 
much  simpler  than  the  management  of  a  grate ;  it  does 
not  entail  any  lahunr,  and  where  you  have  to  combine 
high  skill  and  hard  work  you  very  rarely  get  tho 
work  well  done  ;  I  think  that  the  graat  advantage  of 
Siemens'  plan  is  that  yon  get  perfect  combustion  with 
eertttbity  and  ease. 

103.  So  &r  as  the  combustion  goes  there  is  a 
coanderable  a«»nfic^  which  Mr.  Siemens  puts  at  one 
nztfa.  Woidd  the  imperfection  of  your  grates  saerifloe 
more  than  ene  sixth?-*!  think  a  great  dnl  mora. 

F 


By  Hr.  Siemens'  plan  yoa  would  get  ft  more  perfect       B  0 
combustion  in  the  fhriuKie,  and  ^ou  wonld  regenerate  nr  M«MUm$ 
newly  the  whole  of  the  h^  which  yon  now  send  np     '  Etq.  ' 
the  chimn^.  ~— 

104.  {Mr.  Vivian.)  Mr.  Siemens  stated  that  the  a5*hF*.lS89. 
general  result  of  the  working  of  hia  furnace  system, 
for  furnaces  of  a  high  temperature,  was  a  saving  of 
GO  per  cent.  You  have,  I  think,'  estimated  the  saving  at 
20  per  cent.  ?— Yes.  I  have  no  experience  cf  Siemens* 
furnaces,  and  I  have  been  rather  carefnl  in  not  over- 
stating  the  probable  advantage  of  them. 

{Sir  William  ArTnstrong.)  I  am  a  great  approver 
of  Siemens*  furnace,  but  we  must  not  give  credit 
to  that  furnace  for  the  saving  which  is  clauned  for 
it  if  you  utilise  the  waste  heat  by  applying  it  to  the 
production  of  steam.  I  do  not  uiink  that  in  point 
of  ecmomy  there  is  very  mncli  to  be  gained  by  Sic* 
mens*  furnace,  because,  whatever  are  the  disadvantages 
by  your  present  mode  of  combustion,  there  are  disad- 
vantages in  his  mode  of  combustion. 

lOd.  {Mr,  Vivian,)  I  understand  that  you  esti- 
mate the  saving  by  better  working  generally  at  20 
yter  cent ;  in  that  you  assume  the  probability  of  using 
Siemens'  furnace  ? — Yes,  or  by  using  cheaper  fuel  and 
utilizing  the  waste  heat  of  the  furnaces  in  the  miUs 
and  fcnges. 

106.  But,  according  to  the  evidence  which  we 
have  received  firan  Mr.  Siemens,  if  his  fVimace  were 
adopted  60  per  cent,  would  be  saved  ? — Yes. 

107.  So  that  you  are  probably  well  within  the 
mark  in  saying  20  per  cent  ?— Yes. 

108.  Assuming  that  you  worked  yonr  high  tempe- 
rature fbma^  by  Siemens'  process,  to  what  extent 
would  the  excess  of  your  blast  furnace  gases  supply 
your  mills  and  forges  with  steam  power  V— Although 
we  at  DowliUs  spply  the  blast  furnace  gases  to  ttie 
forges  and  mills,  we  are  rather  in  an  ezceptiimal 
condition ;  we  nse  raw  coal,  and  produce  muoh  more 
gas  than  where  coke  is  used,  as  in  some  of  the  neigh- 
bouring works. 

109.  Still  there  is  a  very  large  excess  of  gas  from 
the  blast  furnaces,  is  there  not  ? — Probably  there  is 
no  work  in  England  where  the  gases  do  more  than 
heat  the  blast  and  produce  steam  for  the  blowing 
engines. 

110.  Then  the  waste  gases  are  useful  for  the  Uast 
en^es  and  for  the  heating  fer  stoves  ? — ^Yes. 

111.  And  no  more?— Just  so. 

112.  Yon  have  alluded  to  the  production  of  steam 
from  the  waste  gas;  to  what  extent  wonld  that  apply 
to  mills  and  forges  ? — Grcnerally  speaking  it  cannot 
be  utilized  for  the  mills  and  forges,  and  the  further 
yon  proceed  in  blast  furnace  improvement  the  less 
waste  gns  you  will  have.  If  we  come  to  use  cmly 
25  cwt.  of  coal  in  the  blast  furnace  then  you  must 
heat  the  blast  to  a  high  temperature,  using  more  gas 
fuel,  and  by  every  improvement  by  whirb  yon  use  less 
fuel  in  the  furnace  you  reduce  the  quantity  of  waste 
gas,  flnd  it  is  rather  to  make  up  for  the  loss  in  that 
direction  that  I  think  the  waste  gas  from  the  coke 
ovens  might  be  used. 

113.  {Sir  William  Armttrong.)  Do  you  know  of 
any  case  in  which  the  beat  of  the  coke  ovens  is 
applied  ? — I  know  of  none. 

114.  Do  you  see  any  practical  difficulty  in  it?-^ 
No. 

115.  Do  you  at  Dowlus  contemplate  so  applying 
it?— Yes. 

116.  {Mr.  Vivian.)  Have  yon  ever  been  at  the 
great  iron  works  at  Seraing  in  Belgium,  the  great 
works  of  Mr.  Cochrane? — No. 

117.  You  are  not  aware  that  there  the  whole  of 
the  waste  gas  from  the  coke  ovens  has  been  used  for 
the  production  of  steam  ?— No,  but  I  know  that  oo 
the  Continent  they  have  introduced  many  economies 
which  we  in  Enghmd  have  hardly  thtMight  o£ 

118.  {Chairman^  Ton  have  made  a  statement 
with  repud  to  aa  eroeriment  at  Ynyaoedwyn  by 
Mr.  Samuel  Blackwell?— Yes. 
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B  10  1 19.  I  believe  that  you  have  no  doubt  Of  the 

W,  AfeM&uM    correctness  of  the  results  wfaidi  were  there  obtained  ? 
Bsq.    '  — I  hare  no  doubt. 

  120.  Then  you  have  no  objection  to  its  being  put 

ssthfeb.  1889.  ia  evidence  ?— I  might  be  met  by  the  ugly  &ct  that 
the  ftimace  was  blown  out,  and  that  they  had  aban- 
doned working  oa  Blachwell's  plans,  and  tliat  it  was 
not  commerdally  sncceesfiil ;  but  I  have  no  reason  to 
doubt  that  at  Tnyscedwyn  Mr.  Blackwell  produced  a 
ton  of  pig  iron  fi-om  a  ton  of  anthracite  coal.  I, 
however,  believe  that  he  was  obliged  to  give  it  up. 
The  whole  thing  cummerciaUy  was  abandoned,  and 
probably,  with  that  fact  before  you,  it  might  be  better 
to  exclude  it  altogether. 

121.  {Mr.  Clark.)  That  is  quite  consistent  with 
nticcesB  upon  a  pai  ticular  point. 

122.  (Chairman.)  Mr.  Blackwell  wrote  to  me 
stating  Uiat  the  result  was  a  fact.  Mr.  Bemhard 
Samuelson  spent  some  time  at  Ynyscedwyn,  and  on 
his  return  to  town  he  told  me  that  he  was  perfectly 
satisfied  with  the  fact,  and  that  in  the  future  anthra- 
cite would  become  a  material  for  making  steeL  I 
therefore  think  that  it  is  material  that  the  statement 
with  respect  to  Mr.  BlackwelVs  expOTiment  should 
stand?— J  have  not  the  slightest  objection  to  its 
standing.  There  was  nn  experiment  going  on  at 
Ynyscedwyn,  under  the  saperintendence  of  Mr.  Black- 
well.  It  is  said  that  they  were  there  producing  a 
ton  of  iron  with  20  cwts.  of  anthracite  coei.  1  see 
no  reason  to  doubt  this,  and,  taken  with  the  fact  of 
our  No.  18  furnuice  doing  the  same  work,  I  think 
yon  may  safely  assume  that  grey  iron,  say  No.  3,  has 
been  made  as  the  yield  of  one  ton  of  coal  to  a  ton  of 
iron,  say  of  2,240  lbs.  each. 

123.  I  believe  that  you  are  prepared  with  some 
information  with  regard  to  the  questions  which  were 
isnied  ? — ^The  yupar  which  I  have  read  was  intended 
to  be  an  answer  to  those  qnefltitms. 

The  witnet 


124.  Have  you  anything  further  to  state  with 
regard  to  the  economy  which  has  been  carried  oat  at 
Dowlais  ? — ^Nothing  further. 

125.  {J>r.  Percy.)  To  what  coal,  as  used  in 
No.  18  furnace,  do  you  refer  in  the  paper  which' yon 
have  read  ?  —  It  is  the  upper  four  feet  vein.  It  is 
only  fhir  to  tell  the  Cknnmittee  that  it  is  our  foundry 
fiirnaoe^  and  we  use  the  very  best  material  which  we 
can  select. 

126.  Yon  Bud  that  one  ton  of  iron  was  produced. 
No.  3  grey,  from  one  ton  of  ooal  ? — Yes. 

127.  In  the  case  of  the  white  iron  how  much  of 
the  iron  was  left  unreduced  in  cinder  ? — In  Mr.  By- 
ley's  experiments  on  this  subject  he  made  out  that 
in  a  furnace  working  on  good  white  iron  there  was 
from  two  to  two-and-a-half  per  cent,  of  iron  in  the 
cinder. 

128.  With  regard  to  the  working  of  these  furnaces 
do  you  perceive  any  manifest  difference  at  difierent 
times  of  the  prear  ? — Having  no  method  of  drying  the 
materials  going  into  the  furnace,  the  furnaces  work 
worse  in  wet  than  in  dry  weather ;  but  we  do  not  find 
any  appreciable  di^rraice  between  winter  and  sum- 
mer. 

129.  With  regard  to  the  4  cwt.  of  la^  coal  and 
the  13  cwt.  of  small  coal  in  puddling,  what  is  the 
quantity  of  ash  ? — ^7  to  8  per  cent. 

130.  What  special  appliances  have  been  used  at 
Dowlais  in  the  consumption  of  small  coal  in  tho 
furnaces? — ^Fan  blasl^  with  a  single  pipe  under  the 
grate. 

131.  Is  that  like  what  I  saw  some  years  ago  at 
the  Britton  Ferry  works  ? — Yes.  The  pipe  runs  at 
right  angles  under  the  grate.  They  be^n  in  South 
Wales  using  a  v  pipe,  and  putting  ^ree  lines  of  slits 
in  the  top  ;  this  was  wrong,  and  now  one  slit  only  is 
used ;  yoa  thus  obt^n  the  full  advantage  from  the 
induced  current. 

wiUidrew. 


IsAAO  LowTHiAN  Bkll,  Esq.,  of  Washington,  connty  of  Durham,  examined. 


132.  (CAotrmon.)  I  believe  thftt  you  are  largely 
oonneoted  witili  the  iron  trade  of  the  north  of  Enghmd? 
— ^Tes,  I  am  connected  witt  works  making  about 
12(^000  tons  of  iron  per  aunmn. 

133.  And  also  with  extenrive  chemical  works  in 
the  aeighbonriiood  of  Newcastle  ? — ^Yes. 

134.  And  I  believe  that  yon  are  not  unacquainted 
with  the  uses  of  fiiel  in  manufactories  ? — My  attention 
has  been  directed  to  the  subject,  for  the  firm  with 
which  I  am  connected  use  about  1,000  tons  of  coal  a 
day. 

185.  Your  attention  has  necessarily  been  directed 
to  the  econ<Hnical  use  of  coal.  Will  you  favour  the 
Ommiittee  with  your  experience  upon  what  has  been 
done  in  that  direction  ?— I  may  state  that  we  ruse 
about  250^000  tons  of  coal  a  year,  and  that  we  manu- 
fiictnro  about  130,000  tons  of  coke.  25  or  30  years 
ago  there  was  in  the  nmHh  of  England  an  inmiense 
quantity  of  small  coal  raised  in  connexion  with  the 
production  of  coal  for  London  and  other  places 
where  only  large  coal  was  required,  and  in  conse- 
qnence  there  was  thrown  upon  the  market  an  im- 
mense quantity  of  email  coal ;  in  some  cases  this  was 
left  nndei^round,  and  in  others  it  was  drawn  to 
the  surface,  and  allowed  to  accumulate,  where  it 
took  fire  ;  in  fact,  it  was  treated  almost  entirely  as  a 
waste  product,  eo  much  so  that  small  coal  could  be 
had  in  uiy  quantity  at  4«.  a  Newcastle  chaldron  of 
2|  to  8  tons,  deliv^ed  into  bargee  on  the  river.  Under 
these  circumstances  of  course  it  was  not  surprising 
that  no  tSart  whatever  was  made  in  the  direction  of 
economy  in  its  use,  for  the  price  of  coal  was  so  small 
that  it  would  not  pay  to  adopt  any  means  finr  avoid- 
ing waste.  Things  are  now  entirely  changed  with 
regard  to  the  Taloe  fhel,  but  I  am  not  nepired  to 
»y  that  time  ia  as  oonutfite  a  cubango  in  the  minds  of 
emnuners  as  one  woom  dedre  to  aee^'      there  is 


still  lingering  behind  a  little  of  that  tendency  to  waste 
which  existed  when  we  were  get^g  coal  at  this  low 
pric&  I  may  state  tiiat  tl^t  coal  vniich  was  ftmnerly 
sold  at  4«.  per  chaldnm  is  now  sold  at  something 
like  St.  a  chaldron,  and  that  the  very  best  Durham 
coke,  which  when  we  commenced  our  own  blast  &r- 
naces  to  smelt  the  Cleveland  stone  could  be  bought 
at  6$.  6d.  a  ton  at  the  pit,  now  fetches  something 
like  firom  10<.  to  \0s.  6d.  All  this,  of  course,  has 
placed  manufacturers  in  a  very  difibrent  po8iti<Hi 
from  that  of  former  times.  Many  have  endeavoured 
to  accommodate  themselves  to  the  altered  state  of 
things.  Perhaps,  as  theqnestion  with  respect  to  blast 
furnaces  is  a  hacgo  one,  you  will  allow  me  to  say  a 
wwd  or  two  wi£  regard  to  the  soda  making  be&re  I 
enter  upon  the  manu&ctnre  of  inm.  Formerly  our 
chemical  furnaces  were  very  small,  so  that  nothing 
like  the  full  ^ect  of  the  heating  power  oi  the  cod 
was  obtained.  Far  decomp<Ming  the  sul^Aiate  <Mtsoda 
we  had  fhmaoes  in  which  tike  opoation  was  accom- 
plished by  means  of  a  wasteful  expenditure  of  fuel;  we 
have  now  placed  such  portions  of  the  operation  beyond 
the  working  bed  <^  the  fhmace  itself  as  can  be  efiected 
by  the  heat  which  formerly  escaped.  For  example, 
behind  the  black  ash  furnaces  we  now  evaporate 
the  whole  of  the  B<dution  of  soda  obtuned  in  the 
process,  and  instead  of  the  temperature  of  our  fioes 
being  something  like  from  1,200  to  1,500  degrees  F., 
it  is  now  reduced  to  something  like  700  or  800 
degrees  F.  An  important  qnestion,  of  course,  also 
is  that  which  is  involved  in  tlie  nature  of  the  com- 
bustion effected  in  our  fVimaces,  and  in  order  to 
ascertain  how  perfectly  it  was  accomplished,  I  havs^ 
both  in  our  black  aah  furnaces  and  in  our  boika: 
furnaces,  ascertained  really  the  character  of  the  com- 
bastion  earned  <»i  there.  I  am  not  o£  opinion,  as 
2Sr.  Siemens  appears  to  be,  that  osaalfy  aaj  (^eat 
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loss  results  from  imperfect  combustion,  atmoepheric 
air  being  generallj  used  in  excess. 

136.  {Sir  William  Armstrong.)  It  would  be 
carrying  off  heat  ? — No  doubt.  Therefore,  if  thera 
is  an  error,  too  much  air  has  been  admitted  instead  of 
too  little. 

137.  {Mr.  Vivian.)  But  in  that  case  you  wore 
working  with  open  doors? — ^Tes  ;  but  in  a  boiler 
fireplace  I  found  the  same  state  of  things  to  prevail, 
except  after  immediate  firing.  In  fact,  I  am  inclined 
tu  believe  that  perfect  combastion  takes  place  with 
more  rapidity  than  is  geuenUIy  supposed. 

13S.  {SirWUHam  Armttrmg.)  But  if  you  reduced 
the  quantity  of  air,  so  as  to  reduce  the  loss  by  the 
supplement  of  the  air,  would  you  have  pofect  com- 
bustion ? — do  not  think  that  it  would  be  possible 
to  carry  on  combustion  in  an  ordinary  furnace,  except 
by  a  considerable  excess  of  the  air  theory  indicates  as 
necessary. 

139.  {Mr.  Vivian.)  The  best  proof  that  in  the 
reverberatory  furnace  you  have  an  excess  of  air  is 
that  the  furnace  itself  is  In  an  oxidizing  condition, 
is  it  not  ? — Yes  ;  I  think  this  is  graierally  the  case. 

140.  And  it  is  the  fact  that  all  furnaces  are  in  an 
oxidizing  condition  ? — Tes,  in  a  general  way  1  appre- 
hend this  is  the  fact. 

141.  And  therefore  there  Is  an  excess  of  fdr  ?— 
Yes.  My  e^qierimenta  would  prove  lliat^  except 
special  precantionB  are  taken,  fhniaces  are  generally 
in  an  oxidizing  condition.  Then  wiUi  regard  to 
imperfect  ccnulmBtion  and  loss  of  fuel,  as  indicated 
by  the  ranisaion  of  smoke,  I  am  inclined  to  think  that 
that  has  been  overrated.  I  &ink  that  the  economy 
to  be  effected  by  merely  avoiding  smoke  is  not  so 
large  as  many  appear  to  think.  I  believe  that 
the  maximum  quantity  of  carbon  capable  of  conver- 
sion into  smoke  is  only  5  to  10  per  cent,  on  the 
original  coal.  Owing  to  a  wish  to  avoid  smoke,  and 
in  the  hope  that  we  should  materially  economise  oui* 
coal,  we  have  used  and  u-e  still  using  somewhat 
extensively  Jucke's  revolving  bai-s.  In  some  accounts 
30  per  cent,  it  is  alleged  can  be  saved  by  Uie  use  of 
Jucke's  bars.  I  do  not  believe  that  in  tlie  whole  of 
my  experience  above  one  half  of  that  has  been 
realized,  that  is  sometiung  like  10  to  15  per  cent. 
The  combnstion  is  undoubtedly  more  perfect ;  but 
one  of  the  sources  of  economy  is  also  derived  from 
the  circumstance  that  you  get  ^e  coal  more  perfectly 
burnt.  Instead  of  wheeling  away  a  lai^e  quantity 
of  cinders  or  ashes,  consisting  of  unbumt  fuel,  the 
refuse  from  our  Jucke's  bars  consists  almost  entirely 
of  earthy  matter ;  I  am,  therefore,  an  advocate  of 
insisting  on  perfect  combustion  whenever  it  can  be 
attained  both  to  avoid  smoke  and  waste  generally. 

142.  To  what  fnmaces  have  Jucke's  bars  been 
apjdied  ?— To  boiler  furnaces.  We  tried  Jucke's  bars 
applied  to  a  black  ash  furnace,  but  we  could  not 
manage  it,  and  we  had  to  abandon  it.  Generally  I 
may  say  that  in  chemical  works,  where  any  quantity 
of  heat  a  lowor  character  is  required,  such  as,  for 
«cam|de,  for  heating  water  and  so  forth,  we  have 
eadeavrared  to  do  our  best  in  effecting  that  with 
the  least  expenditure  by  ntilizing  heat  formerly 
wasted. 

148*  Have  you  used  the  revolving  black  ash 
furnace  at  all? — Yes.  We  have  at  Washington  a 
revtdving  black  ash  furnace  now  working. 

144.  Does  any  economy  result  from  it  in  fiiel? — 
In  coal  I  think  not.  Economy  results  in  the  mere 
quantity  of  the  coal  required  to  decompose  the  sul- 
phate of  soda,  but  unfortunately  that  economy  seems 
to  be  just  about  neutralized  by  the  coal  required  to 
drive  &e  revolver.  There  is  a  trifling  economy,  but 
it  is  scarcely  perceptible.  With  regard  to  coke 
making  there  were,  and  there  are  still,  two  very 
serious  sources  of  loss  in  its  manufacture.  The  first 
is  the  loss  cX  yield.  I  mean  to  say  that  wh^^as 
the  coal  of  IHirham  contains  above  65  per  cent, 
yon  may  say  70  per  cent,  of  fixed  carbon,  as  a  rule 
the  yield  from  onr  coiU  is  not  above  07  or  58  per 
c»at.  of  coke.   Attentil<m  has  been  draim  to  tikis 
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loss,  and  by  an  alteration  in  the  mode  of  the  con- 
struction of  our  coke  ovens  we  have  reduced  that 
loss  considerably,  and  have  brought  up  our  yield  to 
something  like  GO  to  65  per  cent,  so  ttutt  we  are  VKh  lUi.  1880, 
now  getting  to  within  a  trifle  of  the  absolute  quan* 
tity  of  coke  which  the  coal  is  capable  of  affording. 

145.  {Dr.  Ptrcy,\  Do  yon  mean  to  say  that  die 
coal  which  your  coke  contains  about  64  per  cent  vi 
carbon  ? — Yes. 

146.  Does  not  it  contain  more?  —  No;  a  great 
deal  of  our  Durham  coal  does  noly  although  sinne 
reaches  70  or  a  littie  more. 

147.  (Jfr.  Viwm.)  In  tiiat  you  include  the  adi, 
do  you  not  ? — ^Tes. 

148.  So  fliat  it  is  not  strictiy  correct  to  say  tliat 
there  is  64  per  cent  of  carbon,  but  there  ia  &4  per 
cent  of  carbon  and  ash? — Yes.  We  call  it  64  per 
cent,  of  coke,  and  coke  is  with  the  carbon  and  ash. 

149.  Does  not  the  loss  result  in  four  units?—* 
Tes. 

150.  It  is  4  in  64  instead  of  4  in  100?— Pre- 
cisely so  in  the  case  of  coal  containing  64  per  cent, 
of  coke. 

151.  {Dr.  Percy.)  You  would  hardly  call  that  a 
loss  which  is  avoidable.  In  producing  c(^e  from  coal 
must  not  a  certain  amount  of  carbon  inevitabhr 
escape  ? — I  cannot  agree  to  that.  I  agree  that  tSU 
the  carbon  which  exists  in  the  state  of  faydrooarbons 
is  to  a  great  extent,  if  not  entirely,  inevitable  loss  s 
but  if  you  take  100  gn^s  of  our  coal  and  ptaee  it 
in  a  platinum  crucible,  and  get  65  to  70  grains  out 
of  it,  evei-ything  beyond  that  is  loss, 

152.  llien  you  concede  that  there  is  a  certain 
portion  of  that  carbon  existing  in  what  you  call 
hydrocai'bon  ?  —  Yes ;  or  I  would  rather  say  that 
when  you  heat  the  coal  hydrocarbon  is  given  off. 
I  may  state  that  we  have  endeavoured  to  carry  this 
matter  a  little  further.  Some  French  gentiemen  in- 
troduced to  our  notice  a  process  of  coking  the  coal, 
by  means  of  which  nearly  the  whole  of  the  coking 
portion  of  the  coal  could  be  obtained,  and  in  addition 
to  which  the  whole  of  the  ooal  tar  was  condensed, 
and  the  ammoniacal  salts  obtained.  We  put  up 
about  30  or  40  ovens  iqton  that  plan,  and  spent  a 
great  deid  of  mon^  upon  %  and  It  would  appear 
that  tiiat  which,  frfmi  tiie  high  price  of  fbel,  answers 
finaneially  very  well  in  France  is  not  so  profitable 
here. 

153.  {Mr.  Vivian.)  With  regard  to  the  utilization 
of  the  40  per  cent,  of  gas  which  is  driven  off  in  the 
process  of  gas  making,  what  have  you  to  state  ? — 
That  is  a  question  which  I  have  also  studied  a  good 
deal ;  namely,  the  loss  of  heat  from  the  coke  ovens. 
When  coal  was  very  cheap  we  -erected  boilers  m 
order  to  supply  the  blast  engine  with  steam  from  the 
o(^e  ovens  by  means  of  the  waste  heat.  At  tiiat  time 
coal  was  so  cheap,  and  the  loss  of  steam  so  great 
in  conveying  it  for  a  considerable  distance,  tiiat  it 
was  abandoned.  There  was  a  little  irregularity  too 
in  obtaining  steam  when  the  ovens  were  being  drawn. 
Coal,  however,  bdmg  dearer  now,  the  circnmstances 
are  fdtered,  and  my  attention  ia  again  bdng  directed 
to  using  the  faeU  now  wasted  in  the  process  of 

154.  {Dr.  Perey.)  At  Seraing  that  difficulty  was 

met  by  diminishing  the  number  of  boilers,  and  work- 
ing them  by  alternation,  so  that  the  temperature  was 
uniform  ? — ^Yes.  The  loss  of  heat  from  coke  ovens 
is  very  considerable ;  it  is  rather  difi&cult  to  ascertain 
what  that  loss  is  in  coke  ovens  working  in  the  ordi- 
nary way,  because  you  have  to  provide  so  much  heat 
in  Uie  body  of  the  oven  as  will  expel  all  the  gaseous 
matter,  and  it  is  only  the  suiplas  which  is  available. 
However,  I  satisfied  myself  lAat  the  loss  of  heat  was 
very  connderable,  and  at  one  blast  furnace  which 
we  erected  on  the  coalfield  I  put  up  an  apparatus  for 
heating  the  air  means  of  the  waste  heat  from  the 
coke  orens.  The  coke  ovens  required  for  that  blast 
furnace  are  eqoal,  with  our  arrangements,  to  supply- 
ing about  two  thirds  of  the  air  heated  to  the  pre^ 
temperature. 
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155,  {Mr  Viviati.)  What  saving  will  that  repre- 
sent ? — ^About  3  cwt,  of  coal  on  a  ton  of  iron. 

156.  What  quantity  of  (MmI  are  you  using  there 
to  a  ton  of  iron  ? — Yoo  may  call  it  three  fifths  of  the 
qnantiQr.  We  ought  to  be  using  S  cwt  of  coal,  but 
by  this  Buiuu  we  dunild  save  3  cwt  on  a  ton  of 
iron. 

107.  {Dr,  Ptrejf.)  With  regard  to  the  loss  of  heat 
during  the  extingmshiiig  of  the  coal,  does  not  that 
very  greatly  interfere  with  the  mode  of  performing 
that  operation  ?  In  some  cases  water  is  driven  into 
the  oven,  and  in  other  cases  the  heat  is  extinguished 
when  it  is  driven  out  of  the  oven  ?— Yes. 

158.  Will  not  that  make  a  considmible  difference? 
— Yes  ;  but  before  the  watw  is  thrown  on  the  coke 
the  damper  is  shut. 

159.  If  you  inject  cold  water  into  the  oven,  the 
oven  itself  must  be  cooled  to  a  considerable  extent  'i— 
Yes,  but  in  answer  to  that  question  I  may  state  that 
there  are  two  opinions  as  to  ^e  temperature  at  which 
an  oven  ought  to  be  before  you  introduce  a  new 
diatge  of  coal.  If  you  introduce  a  charge  of  coal 
into  an  oven  heated  very  high  the  immediate  effect  is 
to  coke  the  outside  c£  the  charge,  and  that  rather 
interferes  with  the  operalifm  subsequently ;  so  that  as 
a  mie  oc&e  bnmere  do  not  wish  to  hare  their  edka 
ovens  too  hot  before  introducing  a  new  supply  of  coal. 
Hiere  are  two  ccmditiona  to  be  observed  in  the  making 
of  ;  in  the  first  instance  we  want  a  solid  carbon,  and 
in  the  next  place  we  want  it  in  a  peculiar  mechanical 
condition ;  we  require  the  carbon  to  be  ci^>able  of 
supporting  the  weight  it  has  to  bear  in  a  Uast  fur- 
nace. 

160.  In  the  north  of  England  have  you  used  flues 
around  the  walls  and  under  the  bottoms  of  the  ovens  ? 
—It  is  by  that  means  that  we  are  now  getting  a 
better  yield  of  coke  from  our  coal, 

161.  Do  you  find  that  process  at  all  deteriorate  the 
quality  of  the  coke  for  the  purpose  of  which  you 
require  it  ? — For  the  general  market  it  does,  and  veir 
much  from  the  cause  which  I  have  just  mentioned. 
Formerly,  in  the  tnrdinary  way  of  working  a  coke  oven, 
the  luat  was  communicated  tmca.  the  ti^  in  one 
direction,  and  tiie  whole  of  the  cdce  assumed  a  semi- 
oolmniiar  structure ;  but  now,  as  the  heat  is  applied 
from  the  bottom  and  the  top,  tiiere  ia  a  division  half 
through,  and  our  coke  now  all  breaks  in  half,  and  we 
are  unable  for  the  general  market  to  persuade  people 
that  coke  made  iu  that  way  is  as  good  as  coke  made 
in  the  old  method.  So  far  as  my  experience  goes  we 
have  no  reason  to  believe  that  it  is  less  effective ;  we 
are  using  it  in  the  blast  furnaces,  and  we  don't  find 
any  change  there. 

162.  It  is  equally  resisting,  and  it  contains  the 
same  amount  of  combustible  mattor  I — Ye^  perhaps 
rather  more. 

163  That  results  fixnn  the  decomposition  of  those 
tarry  matters  F—Yes. 

164.  {Sir  fFUliam  Armstrong.)  What  is  the 
difibrence  between  the  quantity  of  heat  afforded  by 
the  combustion  of  a  ton  of  coal  in  the  form  of  coke, 
and  in  the  form  of  coal  ?— I  have  not  the  figures  for 
that  with  me.  I  have  gone  into  the  figures  freqnentlv. 
and  I  have  them.  i 

165.  Is  not  the  difference  very  large  ? — ^Yes. 

166.  Does  it  amount  to  one  third?— I  shonld  say 
fully  one  third. 

167.  That  one  third,  at  all  events,  represents  the 
quantity  of  heat  which  is  obtainable  for  other  pur- 
poses in  the  manufacture  of  coke  ?— It  is  available  for 
some  purposes  ;  but  from  thisquimtity,  which  we  are 
assuming  as  one  third,  you  must  of  course  deduct  that 
required  in  the  operation  of  expelling  the  volatile 
portions  of  the  coal,  of  the  coking  in  fact. 

168.  But  you  have  that  amount  of  spare  heat, 
which  you  can  use  for  any  purpose  for  which  it  Is 
applicable  ?— Yes,  with  the  allowance  just  named. 

169.  Therefore,  if  you  can  ruse  steam  by  it,  you 
have  one  third  of  the  Aiel  for  the  raising  of  steam 
Tes,  Um  the  deduction  I  have  jnst  nmed.  In  a 


coke  oven  you  would  not  have  one  third  of  the  heat 
available,  because,  as  already  stated,  a  considerable 
portion  of  the  calorific  power  of  the  voktile  portions 
of  the  coal  is  required  to  effect  the  operation  of  the 
coking  itself. 

170.  If  TOO  used  tho  coal  direct,  wonld  you  not 
still  have  the  same  volatilizatimi  of  certain  parts  ?— 
But  in  a  blast  furnace,  unfortunately,  that  portiwi  of 
the  foci  is  of  little  or  no  use.  Any  one  who  uses  raw 
coal  in  a  blast  foruace  is  practically  converting  a  blast 
furnace  i^to  a  coking  oven. 

171.  Are  not  the  volatile  materials  available?— 
No.  If  you  take  a  blast  furnace  fed  with  raw  coal 
you  will  find  that  the  whole  of  the  hydrogen  in  that 
i-aw  coal  is  escaping  in  the  state  of  hydn^^,  and 
th<Tefore  none  can  be  of  any  nse. 

172.  In  the  ordinary  combustion  of  coal  as  coal 
you  get  more  heat  than  in  the  combustion  of  it  as 
coke  i — No  doubt. 

173.  And  that  question  will  involve  the  vohUili- 
zation  of  certain  parts  which  you  spe<^  of?  ^Yes. 

174.  That  must  take  place  in  either  caae  ?— Yes ; 
and  when  coal  will  answer  tiie  purpose  as  well  as  coke, 
in  a  locomotive  engine,  for  exampio,  the  loss  is  repre- 
sented by  tiie  actual  waste  of  heat  from  the  coke  oven 
as  well  as  Igr  that  portion  of  the  heat  actuallj  i-equired 
t«  coke  the  coal.  In  other  words,  that  whereas  a  ton 
of  coal  in  a  blast  furnace  is  barely  worth  the  weight 
of  coke  it  contains,  in  an  ordinary  fire  one  ton  of  coal 
is  worth  something  like  the  same  weight  of  coke,  so 
that  the  whole  of  the  loss  of  weight  in  coking  almost 
represents  so  much  loss.  For  blast  furnaces  the 
Durham  coal,  owing  to  its  bituminous  nature,  is  not 
suitable. 

175.  Would  not  the  hydrogen  give  you  the  heat? 
— ^Yes,  but  not  in  the  blast  fiimace;  it  never  gets 
down  where  it  could  be  avfulable. 

176.  It  is  distilled  away  before  it  gets  down?— 
Yes ;  it  is  rather  the  source  of  loss  of  heat  in  the  case 
of  a  blast  fomaee,  and  even  in  an  ordinary  furnace 
the  distillation  of  the  vohitilo  parts  of  coal  is  the 
source  of  a  loss  of  eflfective  heat,  but  the  high  calorific 
power  of  bydrt^en  iqmears  to  compensate  for  this. 

177.  But  if  you  could  get  it  down  to  the  bottom  it 
would  heat,  and  probably  deoxidize,  would  it  not  ?— 
No  i  for  after  being  bamt  it  would  re-act  upon  the 
carbon,  and  the  heat  thus  absorbed  would  ueatralize 
that  obtained  from  the  combustion  of  the  hydrogen. 

178.  {Dr.  Percy.)  I  have  seen  that  thing  done 
repeatedly.  Mr,  Dawes  took  out  a  patent,  and  gas 
has  been  made  by  sending  steam  through  red  hot 
coke,  and,  as  for  as  I  could  make  out,  there  was  no 
manifest  effect  either  one  way  or  the  other. 

179.  {Sir  miliam  Armttrong,)  WiUi  reference  to 
the  scheme  which  Mr.Mendaus  has  referred]  ta  of 
raising  steam  from  the  manufacture  of  coke,  we  have 
to  consider  the  prospect  of  reducing  the  expenditure  of 
coal  by  the  application  of  that  method.  After  your 
experience  upon  that  matter,  do  you  tliiuk  that  we 
may  foirly  take  into  account  that  there  is  an  element 
of  future  saving  in  the  manufacture  of  iron  by  the 
application  of  the  heat  so  involved  to  the  raising  of 
steam,  or  for  other  purposes  ?— As  steam  is  only 
generated  in  places  where  it  is  wanted,  of  course  the 
limit  of  saving  wonld  be  the  steam  a  particular 
colliery  might  require  where  the  coke  was  beiog 
nuuiufacturod.  At  the  bhist  furnaces  tiiemselves  ws 
have  ah^y  as  much  fuel  as  we  require,  and  there- 
fore, unless  the  blast  furnaces  were  united  widi 
another  stage  of  the  manu&cture  of  iron,  there  would 
be  no  demand  for  it  there. 

180.  But  suppose  that  they  were  united  with 
anotiier  stage  of  the  mannfoctnre  of  iron  ?— Then  as 
Mr.  Menekus  has  said,  In  the  nortti  of  Enghuid  our 
forges  and  mills  are  able  to  raise  all  the  steam  which 
they  require  from  the  escaping  heat  from  the  puddling 
and  heating  fumaces. 

181.  Then  you  do  not  tiiiuk  that  such  a  heat  will 
be  evolved  in  the  manufacture  of  iron  as  at  all  events 
to  cause  a  reduction  in  the  expenditure  of  coal  ?— I 
do  not  say  some  economy  is  not  pniticable,  bat  I  do 
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not  apprehend  that  it  will  take  place  to  any  very  great 
extent  in  cases  where  in  the  puddling  or  heating  fur- 
naces the  waste  heat  is  need  for  raising  steam  for 
driving  the  necessary  machineiy. 

182.  {Mr,  Vivian.)  In  Mr.  Menelaua'  examina- 
tion the  question  assumed  that  form,  namely,  that  the 
puddling  and  other  high  temperature  furnaces  used  in 
ironworks  should  be  worked  by  Siemens*  process,  as 
giving  a  considerable  saving,  uid  that  in  tlutt  case  the 
waste  heat  would  noi  be  applicable  to  the  raising  of 
steam ;  but  that  the  waste  heat  of  the  coke  ovens 
might  be  used  to  some  extent  to  supply  those  mills 
and  forges  with  steam  ? — Yes,  so  he  said  ;  but  then 
Mr.  Menelaus  was  talking  of  the  means  of  getting 
steam  from  his  blast  furnaces  to  his  milJii,  admitting 
at  the  same  time  that  he  wan  not  usmg  the  heat  of 
these  mills  to  get  steam  direct.  Practically  you  may 
consider  that  a  blast  furnace  is  giving  off  in  its  waste 
gases  as  much  heat  as  it  requires  for  headng  the  blast 
and  raising  steam ;  and,  practically  speaking,  you 
may  consider  that  every  rolling  mill  is  giving  olf  as 
much  heat  from  its  puddling  and  re-heating  furnaces 
as  will  give  steam  to  drive  its  machinery. 

183.  Then  supposing  that  Mr.  Siemens'  process 
saved  60  per  cent.,  would  it  not  be  more  economical 
to  use  his  process  for  the  escape  of  gases  rather  than 
for  the  production  of  steam  'i — I  would  say  that 
taking  a  chimney  at  a  temperature  of  572**  Fahrenheit, 
or  from  that  to  when  it  would  melt  lead,  you  have  the 
temperature  of  the  chimney  sufficiently  high  to  secure 
a  strong  draft,  and  if  the  products  of  combustion 
escape  at  that  temperature,  it  is  quite  obvious  that 
you  have  used  all  the  available  beat,  and  therefore 
Siemens'  process  can  have  no  advantage  simply  as 
saving  loss  of  heat ;  it  may  have  and  has  other 
advantages  of  a  very  valuable  character. 

184.  Do  you  in  practice  find  that  the  heat  in  your 
stacks,  after  the  gases  leave  the  boilers,  is  so  reduced 
■s  to  be  incapable  of  further  reduction  ? — have  not 
tried  this  in  rolling  mill  and  puddling  furnaces,  and 
I  would  not  like  to  say.  I  nther  think  there  would 
stiH  be  found  some  loss. 

185.  Are  you  also  satisfied  that  the  avidlnble 
gases  are  so  completely  consumed  as  to  be  no  longer 
capable  of  giving  a  useful  effect  ? — I  have  not  tried 
it  in  a  puddling  i^mace,  but  I  have  done  so  in  other 
furnaces  when  I  found  the  combustion  perfect. 

186.  {Sir  Wm.  Armstrong.)  I  will  suppose  the 
case  of  some  ironworks  in  which  Siemens'  furnaces 
are  universally  employed,  and  in  which,  consequently, 
the  steam  is  not  raised  by  the  waste  heat,  but  that  at 
the  blast  frrmarc  it  is  raised  by  the  waste  gases. 
There  is  a  case  in  which  a  lurge  er*nnomy  is  effected 
according  to  Mr,  Siemens'  evidence  by  the  intro- 
duction of  the  gases,  but  in  which  steam  is  still 
wanted.  In  such  a  case  as  that  could  not  you  with 
advMitage  apply  the  waste  heat  of  the  coke  ovens  to 
supply  that  one  want,  and  thereby  produce  the 
maximum  economy  which  could  be  effected  ? — Un- 
doubtedly that  might  be  done. 

187.  If  Mr.  Siemens'  views  arc  coiTcct,  then  by 
utilising  the  waste  heat  of  the  coke  ovens  you  ought 
to  have  the  maximnm  economy  which  could  be 
effected  ? — If  you  have  to  bring  fuel  to  an  ironwork 
to  be  there  coked,  for  the  express  purpose  of  raising 
stetuu  in  that  way,  the  chances  are  that  you  would 
find  the  Iranaport  of  the  coal  more  than  equal  to  the 
saving. 

188.  At  all  events,  you  get  the  fuel  merely  for 
the  carriage? — ^Ye^;  but  you  must  remember  it  is 
only  a  portion  of  tiie  waste  heat  which  can  bo  so  used. 

189.  Then  comes  the  question  whether  the  dis- 
advantages  of  the  application  would  be  equivalent 
to  the  cost  of  the  carriage  ? — Jnst  so. 

190.  And  tiie  disadvantages  of  the  application 
would  be  considerable  as  compared  with  the  applica- 
tion of  the  fuel  in  the  ordinary  way  ? — ^Yes. 

191.  So  that  there  is  not  much  to  look  for  in  that 
way  ? — I  think  not.  You  are  now  speaking  of  the 
raising  of  steam  in  a  malleable  irouwork  ;  but  in  a 
malleable  ironwork  you  want  no  coke.   Taking  a 
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perfect  ironwork,  namely,  one  in  which  you  receive       B  18 
ironstone  and  fuel  at  one  end,  and  in  which  you  turn  i.£„BeU,Etq. 

out  bars  at  the  otbor,  I  havo  shown  you  that  the   

waste  heat  from  these  two  operations  is  sufficient  to  SSth  Feb.  1889. 
raise  steam.    The  gases  from  the  blast  furnaces  do 
all  their  work,  and  the  waste  heat  jrom  the  puddling 
and  mill  furnaces  is  doing  all  its  work,  so  that  you 
have  no  room  to  introduce  that  method  there. 

192.  In  eoke  ovens  you  cannot  raise  your  sle&m 
as  you  want  it  ? — Not  ahrays ;  it  is  liable  to  a  litde 
irregularis. 

193.  And  there  are  many  inconveniences  and 
difficulties  which  would  have  a  deterrent  effect  in 
applying  the  principle  ? — Yes.  As  a  rule  I  think 
that  most  of  the  manufacturers  with  us  in  the  north 
of  England  arc  fully  alive  to  the  importance  of 
saving  coal,  not  as  a  national  question,  but  as  one 
of  economy. 

194.  {Mr.  Vivian.)  Continuing  the  question  of 
coke,  lA  not  one  thing  undoubted,  namely,  that  from 
every  coke  oven  there  is  a  cei'tain  dynamic  effect 
which  is  going  to  waste  ? — Yes. 

195.  Whether  that  can  be  applied  or  not  is 
another  question  ?— -Yes,  as  I  have  endeavoured  to 
show. 

196.  It  is  the  question  of  a  stream  of  water 
running  to  waste  which  possesses  a  certain  dynamic  ' 
effect  ?— Yes. 

197.  If,  for  example,  you  found  a  process  which 
would  enable  you  to  save  in  your  malleable  ironwork 
60  per  cent.,  whereas  the  saving  by  raising  steam 
gave  you  only  20  per  cent.,  there  would  then  be 
room  for  it  ? — Certainly,  that  would  be  so. 

198.  You  say  that  your  coal  in  Durham  is  in- 
applicable to  the  use  of  bUst  furnaces  as  raw  coal  ? — 
Yes. 

199.  I  believe  that  there  is  a  good  deal  of  bitu- 
minous coal  in  England  and  in  !^'*ntland  which  iff 
used  raw  in  blast  furnaces,  is  there  not  ? — Yes. 

200.  Can  yon  tell  us  what  is  the  distinction  of 
the  hydivcarbons  in  those  two  cases  which  causes 
the  one  to  be  a  melting  coking  coal,  and  causes  the 
other  to  be  a  dry  and  not  coking  or  melting  coal  ?— 
I  cannot. 

201.  That  is  still  a  chemical  problem?  —  Yes. 
I  have  studied  the  question  very  frequently,  and 
have  endeavoured  to  ascertain  where  the  difference 
lay,  and  I  must  admit  that  I  have  not  got  to  the 
bottom  of  the  problem.  I  find  coals  in  Scotland 
containing  67  per  cent,  of  coke  perfectly  well  fitted 
to  make  iron  if  used  raw  in  a  blast  furnace,  and  I 
know  of  coals  with  ourselves  containing  quite  as 
much  or  more,  and  yet  they  can  use  raw  coal  in 
Scotland  alone,  while  I  have  failed  in  using  one 
twelfth  of  it  in  the  case  of  our  coal. 

202.  {Dr.  Percy.)  Was  not  your  coal  a  coking 
coal,  and  was  not  the  Scotch  coal  a  non-ct^ing  one  r 
—Yes. 

208.  {Sir  miUam  Armstrong.)  In  Scotland  is 
the  useful  expenditure  of  fuel  only  proportionate  to 
the  extent  of  coke  contained  in  the  coal  ?~Ye8  ; 
in  the  blast  furnace. 

204.  And  the  rest  is  waste  ? — It  is. 

206.  {Dr.  Pircy.)  The  greater  pait  of  the  hy- 
drogen of  coal  represents  water,  and  not  only  g^vea 
you  no  heat,  but  requires  heat  ? — Yes. 

206.  {Mr.  Vivian.)  You  have  not,  as  I  understand, 
got  to  the  bottom  of  the  problem  of  coking  ? — I  have 
not.  You  may  have  two  coals  of  equal  puiity,  and 
one  will  make  fii-st-class  coke,  and  the  other  will  not. 
And  I  do  not  know  what  the  cause  is. 

207.  {Chairman,)  You  have  mentioned  your  ap- 
proval of  the  principle  of  Siemens'  I'egenerating 
nimace.  It  is  stated  in  print  that  you  used  in  your 
wdks  Siemens'  furnaces  for  a  long  time,  and  thm 
abandoned  them  ? — No,  we  did  not ;  what  we  used 
in  our  works  was  a  stove  for  heating  air  upon  what 
may  be  called  Siemens'  principle  ;  that  is  to  say,  we 
heated  a  great  mass  of  brickwork  red  hot^  and  after 
it  wad  so  heated  we  turned  in  the  air  and  swept  out 
the  heat  which  the  burning  gases  brought  from  tbe 
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B  14  blast  funiace  had  left  in  it.  There  is,  however,  a 
/  £  B^Em  cOMidwaWfi  aubliuiation  of  eairthj  matter  from  the 
furnaces,  which  oondenses  upon  coM  surfaces,  and 
S3threb.l86S.  lorms  a  very  bad  coodnctor ;  so  that  the  crust  thus 
fcmned  operated  in  two  ways;  it  first  retnrded  the 
heat  given  off  in  buming  the  gas  from  peaebrating 
into  the  brickwork,  aod  secondly,  where  it  had  pene- 
trated, we  had  a  gi'eat  deal  of  difficultj  in  getting  it 
out  again,  and  this  was  the  cause  why  we  abandoned 
it  But  a  neighbour  of  ours,  Mr.  Cochran^  tells  me 
that  he  lb  getting  very  good  results  by  a  preliminazy 
purification  of  the  gas  before  using  it. 

208.  {Sir  William  Armstrong.)  But  is  that  a 
question  of  applying  waste  heat  ? — ^Not  at  all ;  it  is 
burning  the  waste  gas  in  a  Siemens'  regenerator, 
instead  of  underneath  cast-iron  pipes. 

209.  (Jfr.  Vivian.)  Supposing  a  coal  to  yield  a 
large  qnanti^  of  light  volatile  ash,  do  you  conceive 
that  that  would  interfere  materially  with  the  carryiag 
on  of  Mr.  Siemens'  process  37o,  because  Mr. 
Siemens*  ordinary  generator,  as  he  calls  il^  namely, 
the  apparatus  by  which  he  evolves  the  hydrocarbons 
and  the  carbonic  oxidee,  is  carried  on  at  a  very  low 
temperature,  and  no  sublimation  takes  place. 

210.  Nor  mechanically  ? — Nor  mechanically  either. 
I  do  not  think  that  he  has  experienced  any  diffienlly 
of  that  sort. 

211.  {Dr.  Percy.)  With  regard  to  the  possibility 
of  saving  any  of  the  products  evolved  in  coHng,  what 
is  your  opinion  ? — I  have  mentioned  that  we  put  up 
these  coke  ovens,  and  that  we  were  collecting  all  the 
tar  from  them,  amounting  to  about  10  gallons  of  coal 
tar  per  ton  of  coke  made.  We  condensed  the  am- 
moniacal  liquors,  and  we  converted  them  into  sulphate 

•  of  ammonia.  In  round  numbers  you  may  assume  the 
value  of  these  two  products  at  It.  to  U.  Id.  per  ton 
upon  the  coke  manniactured. 

212.  With  regard  to  die  reverbOTatory  furnace, 
I  think  that  it  was  stated  that  the  atmosphere  of  a 
reverberatory  furnace  is  always  necessarily  oxidizing  ; 
is  that  so  ? — My  experience  in  chemical  furnaces  is 
that  it  is  practically  always  oxidizing. 

213.  Then  how  do  you  account  for  the  flame  of 
carbonic  oxide  at  the  top  of  the  chimney  ? — I  am  not 
prepared  to  say  that  I  have  ever  seen  a  flame  of 
carbonic  oxide  at  the  top  of  the  chimney,  unless  when 
the  damper  was  down  and  the  draught  checked. 

214.  I  have  seen  the  characteristic  blue  flame  of 
carbonic  oxide  in  the  South  Stafifordshii-e  chimneys.— 
I  do  not  say  that  yon  have  not.  When  you  saw  tiiat 
perhi^  the  damper  was  dose  down. 

215.  I  do  not  think  that  it  was.  Supposing  the 
combustion  to  be  perfect,  still  you  got  there  a  high 
oxidizing  atmosphere  with  respect  to  iron  ?— Yes,  and 
you  cannot  heat  a  ton  of  iron  without  wasting  from 
5  to  10  per  cent. 

216.  So  that  in  fact  this  perfect  combustion  may 
be  disadvantageous  under  certain  conditions  ? — Yes. 

217.  {Chairmajt.)  What  is  the  cause  of  works  in 
the  neighbourhood  of  Sunderland,  where  they  were 
making  patent  iud  by  coking  the  small  coal,  being 
abandoned  ;  was  it  a  commercial  fiulure  ?  That 
process  was  by  mixing  small  coal  with  coal  tar,  and  it 
was  coked ;  and  it  was  supposed  that  all  the  products 
were  to  be  obtained. — I  apprehend  that  universally  it 
has  been  a  commercial  failure  in  the  north  oi  England, 
and  I  have  no  doubt  that  it  has  been  owing  to  the 
following  oixcnmBtance.  In  France  or  Belgium  Uie 
diflforence  between  the  value  of  snudl  coal  and  larger 
coal  is  vei^  considerable,  about  12  francs  a  ton,  and 
the  linoit  of  commercial  success  in  the  manufacture  of 
pitent  fuel  lies  in  the  difference  between  the  two. 
But  in  our  coalfield  small  coal  is  worth  say  2s,  6d.  a 
ton,  and  large  coal  is  wOTth  say  6s,  or  6s,  a  ton,  and 
the  limit  which  yon  have  in  converting  small  coal  into 
large  coal  is  2s.  6d.  to  3«.  6d.  a  ton,  and  unless  you 
can  carry  on  your  operation  and  have  a  profit  within 
this  mai^in  the  process  must  be  a  &ilure. 

218.  {Mr.  Vivian.)  Just  as  in  our  part  of  the 
world,  where  the  email  <^  the  free  or  steam  coal  is 
perhiqw  worth  U,  or  2«.  a  tou,  and  the  lazge  of  the 


steam  coal  is  worth  12«,  or  18«.  a  ton,  the  tUog 
becomes  possible  ? — Just  so. 

219.  {Chairman.)  You  have  given  us  a  large 
amount  of  information  with  regard  to  blast  !m- 
nacea  both  in  Enfiland  and  on  the  Gontinent, 
from  your  extenBive  knowledge  of  them,  ^ve  yon 
anytung  to  add  upon  that  subject  ? — We  have  receutt; 
in  the  north  of  England  directed  our  attention  to 
the  economy  of  coke  from  an  alteration  in  the  capacity 
of  the  blast  furnaces.  In  the  year  1863  there  was 
not  a  furnace  in  the  North  having  a  cubic  c^iacity 
exceeding  something  like  6,000  feet ;  we  have  them 
now  ranging  from  that  size  up  to  about  35,000  cubic 
feet ;  so  that  we  have  blast  furnaces  five  and  a  half 
times  larger  than  they  were  5  jears  ago.  This 
change  has  been  attended  with  a  very  considraaUe 
reduction  in  the  consumption  of  fuel ;  I  am  wiUiin 
the  mark  when  I  call  it  20  per  cent.  The  firet 
frirnaces  put  up  had  something  like  10,000  to  15,000 
feet  of  capacity,  and  I  believe  that  when  yoa  hAve 
got  to  that,  yon  have  obtuned  almost  all  the  aocnomy 
in  ftid  which  a  mere  increase  of  size  is  snseeptibls. 

220.  (Dr.  Ferep.)  What  is  the  height  of  the 
iuruaceer — There  are  furnaces  102  feet  high;  that 
is  the  largest  in  our  neighbourhood  ;  but  I  do  not 
beUeve  that  they  do  work  much  better  than  a  iuraiee 
of  80  feet. 

221.  But  do  you  find  that  such  a  fiimace  is  Adas 
work  as  well  ?— Yes,  I  think  so.  It  no  doubt  will 
require  an  additional  pressure  of  blast. 

222.  Has  it  not  been  considered  a  ftilure  la  that 
district  ? — ^No.  If  I  am  correct  in  my  views  it  ia  a 
&ilure  to  the  extent  of  having  raised  the  funuoB  to 
an  unnecessary  height. 

223.  Wouhl  not  a  very  hot  blast  have  a  Toy 
m^Kntant  in^nence  ? — Certainly  it  would. 

224.  {Chttimuuu)  Mr.  Men^aus  states  that  in  the 
North  iiimaceB  have  increased  in  height  to  100  feet, 
and  that  every  increase  in  height  seems  to  be  attended 
with  a  saving  in  fueL  Mr.  Charles  Cochrane  st&tes 
something  similar.  I  believe  that  you  furnished  an 
answer  to  that  remark  of  Mr.  Cochiane's.  He  states 
that  he  "finds  that  the  maximum  <^  economical 
"  height  will  be  that  at  which  17  cwt.,  and  not 
"  7  cwt,  will  be  required  for  making  a  ton  of  iron." 
He  also  states,  "  Such  a  furnace  should  work  with 
"  17 '  9  cwt.  of  coke  per  ton  of  iron  made,  taking  die 
«  iron8t<me  as  yielding  40  pw  cent,  of  iron,  and  the 

blast  delivered  into  the  furnace  at  1000^."  Tbu  I 
have  made  the  followii^  note :  "  Mr.  I.  Lowthian 
"  Bell,  in  diarausiw,  showed  that  'the  nuniioiim 
"  '  amount  of  coke  fiid  to  produce  1  ton  of  pigMnm 
"  *  under  tb«  conditioos  stated  was  22 '85  cwts.*"?- 
This  was  a  mere  approximalaon  and  given  to  illoB- 
trate  some  items  which  I  considered  Sfr.  Cocbiue 
had  overlooked,  and  applied  to  fumaoes  of  the  present 
principle.  It  is  clear  that  in  dealing  with  this  qnee- 
tion  you  must  address  your  mind  to  ascertaining  bow 
much  fuel  is  being  lost  from  the  top  of  the  fiunace. 
Speaking  now  from  a  great  number  of  obserrations, 
we  have  reduced  the  apparent  loss  of  coke  to  a  ton  of 
iron  to  4  cwt,  arising  from  the  escape  of  sensible 
heat  carried  off  with  the  gases.  If  we  could  intercept 
all  the  heat  escaping  horn  a  furnace  we  should  be 
able  to  make  the  iron  with  between  4  and  5  cwt  \m 
than  we  are  doing  at  the  present  nMunent,  which 
would  be  something  like  Mr.  Codirane's  estimate, 
which  supposed  waste  heat  to  be  carried  off  with  the 
gases,  but  it  is  a  great  mistake  to  suppose  that  this  i^ 
a  very  easy  thing  to  accomplish. 

225.  Have  yon  any  further  remarks  to  make  on 
that  branch  of  the  snbject  ? — I  may  state  that  there  is 
still  a  loss  in  blost  furnaces.  For  example,  m  heaUng 
our  air  and  in  raising  the  steam  from  our  boilcn  ve 
all  allow  the  gases  to  esc^>e  at  too  high  a  temperv 
ture,  but  we  are  seeking  to  remedy  that. 

226.  {Sir  William  Armstrong.)  Do  I  rightly  un- 
derstand you  that  the  whole  loss  upon  which  we 
can  work  in  a  blast  furnace  is  represented  by  the  heftt 
which  is  carried  away  by  the  escaping  gases  at  the 
top  ?—There  an  other  losaes,  bat  Ihey  are  rather 
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difficult  to  eontead  ^^inst.  There  is,  I  apprehend, 
some  losB  from  the  radiation  from  the  extei-ior  of  all 
blast  fnmaces,  and  there  are  others,  but  it  is  difficult, 
in  our  present  state  of  knowledge,  to  define  them  very 
accurately. 

227.  With  an  abeolntely  perfect  Aimace,  haring 
all  these  aoni>ces  of  waste  eliminated,  what  wonld  be 
the  quantiWof  carbon  or  coke  requisite  to  make  a  ton 
of  iron? — ^With  onr  present  information^  something 
like  17  cwt  to  18,  with  the  usual  ran  of  Clereland 
ore  ;  but  practically,  as  we  do  not,  and  I  fear  cannot, 
rob  out  gases  of  their  heat,  we  must  always  experience 
loss  from  that  source.  This  would  be  without  count- 
ing the  fuel  for  heating  the  blast,  which  with  us  Is  the 
waste  gases.  lUising  the  temperature  of  the  blast 
would  reduce  the  consumption  of  coke. 

228.  What  is  about  the  present  consumption  with 
the  beat  furnaces  ? — About  23  cwt 

■229.  How  far  do  you  conceive  that  it  is  probable 
that  that  saving  will  be  realized;  how  much  further  do 
you  think  that  economies  are  likely  to  be  carried? 
Yoi^  have  already  said  that  you  do  not  hope  for  much 
by  increasing  the  height  or  the  bulk  of  &e  furnace; 
what  oUier  sources  do  you  contemplate  ? — Heating 
the  blast  to  a  higher  temperature,  which  of  course 
supposes  the  use  of  ^el  in  some  cases,  but.you  hare 
this  great  advantage,  wlien  you  burn  coal  in  a  hot-air 
stove  you  convert  the  carbon  into  carbonic  acid  in 
which  the  units  of  heat  are  represented  by  7,900,  and 
when  you  bum  it  in  a  blast  furnace  the  amount  is 
only  2,221. 

230.  There  is  a  heat  agent  which  is  feeble  ? — 

Yes; 

231.  But  when  burnt  under  the  stoves  there  is  a 
very  cousiderable  power  ? — Yes  ;  there  is,  however,  a 
great  loss  in  getting  the  heat  to  pass  through  the 
thickness  of  the  pipes. 

232.  This  is  a  statement  which  I  received  from 
Captain  NoUe  this  morning,  which  I  requested  him 
to  make  out,  in  order  to  ascertain  what  was  the 
deficiency  of  heat  as  applied  in  onr  own  blast  furnaces, 
and  he  makes  it  out  to  be  only  about  5  per  cent.,  but 
he  takes  into  account  the  heat  which  is  carried  off 
into  the  gas.  Will  you  take  this  statement  and  look 
into  it,  and  if  you  concur  with  him  we  will  take  it 
as  evidence  ;  but  if  you  do  not  you  can  let  me  know. 
According  to  that  statement,  it  would  appear  that 
there  is  only  6  per  cent,  to  be  gained  by  anything 
which  you  can  do  in  l^e  way  of  improving  your 
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fomace.   TakSng  all  the  loss  by  radiation  and  con<      B  15 
duction  and  so  on,  if  his  figures  are  correct^  the  saving  j  ^ 

is  only  6  per  cent.    You  can  look  over  that  state-   »*^' 

ment  ?— I  am  busy  in  such  calculations  at  present.       95thF^  1889. 

233.  {Mr.  Vivian.)  You  said,  I  think,  that  each 
blast  furnace  was  susceptible  <^  producing  more  car- 
bonic oxide  than  was  requisite  to  heat  its  own  blast 
uid  its  own  hot  air? — Yes,  with  some  waste  atiU 
going  on,  which  we  are  attomptiag  to  remedy. 

284.  Supposing  that  to  be  successful,  I  "presume 
ihat  there  would  be  a  balance  of  gas  applicable  to 
BomeUiing  else  ? — ^Yes. 

2S5.  Which  would  be  a  direct  saving  7 — ^Yes,  and 
which  we  could  very  wdl  use  ^for  calcining  our  iron- 
stone. 

236.  Of  course  where  carbon  is  burnt  carbonic 
acid  is  the  ultimate  product  ? — ^Yes,  when  it  is  com- 
pletely burnt. 

237.  The  chief  heat  evolved  from  burning  carbon, 
is  evolved  when  the  carbonic  oxide  is  converted  into 
Ctu-bonic  acid,  is  it  not  ? — Certainly. 

238.  Then  carbonic  acid  is  susceptible  of  redudaon 
into  carbon,  is  it  not  ?— Yes. 

239.  That  carbon  being  at  a  high  temperature  ? — 
Yes. 

240.  Has  it  ever  occurred  to  you  that  it  might  be 
possible  again  to  decompose  the  carbonic  acid  escaping 
from  the  Murions  furnaces  by  passing  it  over  carbon 
heated  by  the  waste  heat  of  those  furnaces,  and  re- 
converting it  into  carbonic  oxide  ?— The  difficulty 
which  meets  you  there  at  once  is,  that  the  absorption 
of  heat  in  reducing  the  carbonic  acid  to  a  state  of 
carbonic  oxide  is  similar  in  amount  to  the  heat 
obtained  by  the  combustion. 

241.  Is  there  not  this  exception,  that  you  have 
from  all  furnaces  ultimately  a  certain  amount  of 
sensible  heat  escaping,  which  might  be  api^ed  to  the 
heaUng  of  the  carbon  employed  in  the  decomposition 
of  the  carbonic  acid? — ^It  would  be  a  complicated 
thing,  because  it  would  mean  that  ihe  draught  of  your 
furnaces  had  to  pass  throu^  this  material,  which 
would  be  impossible. 

242.  But  the  draught  of  one  furnace  might  pass 
through  a  generator  applied  to  two  furnaces  ? — Yes, 
but  I  do  not  think  that  you  would  get  a  sufficiently 
rapid  draught  to  do  it. 

243.  Then  you  imagine  that  it  would  l»«ak  down 
in  draught  ?— I  do. 

I  withdrew. 


Adjourned  to  Thursday,  15th  April,  at  12  o'clock. 


B.— 7£A  Meeting,  Noon,  April  15, 1869.  Minntei, 

Pbssent: 

1.  Mr.  Hunt  (in  the  Chair) ;  2.  Mr.  Geddbs  ;  3.  Mb.  Fobsteb  ;  4.  Mb.  Woodhouse  ; 
5.  Mr.  Habtlet  ;  6.  SiB  Willtah  Abkstbong  ;  7.  Mb.  Dickinson  ;  8.  Mr.  Vitian  ; 

9.  Mr.  Elliot. 

The  following  geutleman  was  also  present : 

10.  Mr.  Cbamfton. 

1.  The  Secretary  produced  the  file  and  correspoadeace,  and  reported  as  follows: — March  1.  The 
evidence  taken  on  ^e  24th  February  was  received  from  Messrs.  Gomej,  and  sent  to  the  witnesses 
in  mfuiascript.  The  minutes  were  sent  to  the  members  in  type.  Mwrch  25.  The  witnesses  were 
written  to  for  their  manoscripts  (No.  1817).  March  30.  Mr.  Menelaus'  evidence  was  received  and 
sent  to  press.  March  31,  Mr.  Bell's.  April  5,  Mr.  Siemen's.  April  9,  two  proo&  were  sent  to 
the  vritnesses,  and  one  sent  to  Mr.  Hunt.  April  14,  a  proof  corrected  was  received  from 
Mr.  Siemens  from  Swansea  (1891),  which  was  produced. 

2.  The  Secretary  reported  that  he  had  been  in  communication  with  Mr.  Crampton,  who  1^ 
invented  a  method  of  utilizing  small  coal,  and  that  Mr.  Crampton  intends  to  present  himself  at  the 
meeting  this  day  to  tender  his  evidence. 

3.  A  letter  from  Mr.  Hunt,  as  to  the  bnsineas  of  the  meeting,  was  produced. 

4>  Th6  minutes  ^f^V*^^  Tna^iing  toi-a  n*nA  onA  sigDed. 

5.  The  Secretaty  .wu  directed  to  proceed  with  the  prmtix]|t  of  the  work  oS  this  CtHumittee  on  the 
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IX 1  ft  approved  by  Committee  A.  and  C.   The  work  of  C.,  made  up  to  pages  70,  was  produced  as  a 

sample. 

Minutes.  xj^g  next  meeting  was  fixed  for  the  13th  of  May,  at  the  same  time  and  place. 

7.  The  Chairman  read  a  letter  from  Dr.  W.  Fairbaim,  who  cannot  attend  to  give  evidence. 
The  Chairman  was  requested  to  obtain  &om  Dr.  Fairbairn,  The  Polygon,  Ardwick,  Mancheeter,  a 
communication  in  writing  of  his  views  on  the  subject  of  economy  of  coal  in  the  production  of  steam 
power. 

8.  The  Chairman  read  a  letter  from  Sir  Daniel  Gooch,  Great  Western  Bailway,  and  one  from 
Mr.  Joseph  Seattle,  of  the  London  and  South-western  Bailway ;  and  it  was  decided  to  take  their 
evidence  at  the  next  meeting. 

9.  The  Chairman  stated  that  he  had  visited  Dr.  NeUl  Amott,  and  read  a  letter  from  him.  It  was 
decided  to  take  his  evidence  also. 

10.  The  Chairman  said  that  Mr.  Siemens  wishes  to  add  to  his  evidence,  but  is  unable  to  attend. 
His  letter  was  read,  and  it  was  determined  to  take  his  evidence  also  at  the  next  meeting. 

11.  The  Chairman  read  a  letter  from  Firth  and  Sons,  of  Sheffield,  which  is  to  be  produced  when 
Mr.  Siemens  is  examined 

12.  The  Chairman  read  a  letter  from  Professor  Bankine,  vf  Glasgow  University.  He  was 
requested  to  communicate  further  with  Mr.  Rankiae. 

13.  The  following  paper  was  ordered  to  be  printed. 

BoBEBT  Hunt. 


ON  LIQUID  FUELw 


8,  Graj's  Inn  Squu-e, 
London,  9tfa  March  1869. 

To  the  Committee  B. 
of  the  Royal  Coat  Commissimi. 

Gentlemen, 

In  accordance  with  your  request,  commanicated 
to  me  by  Mr.  Robert  Hunt,  I  now  to  submit  to 
you  a  statement  of  such  information  on  the  subject  of 
Liquid  fuel  as  I  am  able  to  fuiiiish,  compris^iDg  a 
description  of  the  various  mateiials  which  Iia%'e  been 
proposed  for  this  purpose,  their  characters,  cost,  and 
extent  of  supply,  together  with  an  account  of  tlie 
several  methods  by  which  liquid  fuel  has  been  applied, 
and  the  results  obtained  in  trials,  some  of  wlueh  I  have 
had  an  opportunity  of  witnessing. 

L  Materials  proposed  to  be  used  as  liquid  fuel, 

1.  Petroleum  in  the  crude  state. 

2.  Crude  paraffin  oil,  obtained  by  the  distillation  of 

cannel  coal  or  of  bituminous  shale. 

3.  The  "  heavy  oil,"  constituting  from  30  to  40  per 

cent,  by  volume  of  the  foregoing  materials,  and 
consisting  of  the  less  volatile  parts  of  those 
oils  from  which  the  more  volatile  parts  have 
been  separated  by  distillation. 

4.  Waste  products  of  the  manu&cture  of  burning 

oil,  &c.  from  petroleum  and  paraffin  oil,  known 
as  "bottoms,'*  "foots,"  &c. 
6.  "Dead  oil"  or  "  creosote  "  obtained  as  a  waste 
product  in  the  manufacture  of  naphtha  and  pitch 
from  the  coal-tu*  of  gas  works. 

II.  General  chu'acters  of  materials  proposed  to  be 
used  as  Uqnid  fueL 

All  the  above-named  materials  agree  in  consisting 
essentially  of  mixtures  of  certain  oils  composed  of 
carbon  and  hydrogen,  hence  termed  hydrocai'bona. 
These  oils  do  not  vary  much  in  the  relative  propor- 
tions of  their  constituent  elements,  but  chiefly  in  their 
degrees  of  volatility  and  draisity.  Besides  these 
hydrocarbons,  some  of  the  materials  above  named 
contain  also  certain  oxygenated  oils. 

The  specific  gravity  of  crude  petroleum  genei-ally 
varies  from  0  ■  800  to  0' 860  as  compai'ed  with  water 
taken  as  unity.  The  specific  gravity  of  ci-ude  paraffin 
oil  is  from  0*860  to  0-900,  and  that  of  "dead  oil  "  or 
"creasote"  is  about  1  -OSO.  Consequently  the  weight 
of  a  cubic  foot  of  these  materials,  and  of  coal  as 
(ffdinarily  stowed,  and  the  spaces  occupied  by  a  ton  of 
ibem  respectively,  will  be  as  follow,  viz, : — 


Weight  of 

Volnme 

I  eaMe  foot 

of  1  ton. 

Itw. 

cuUcfteL 

Crude  petroleum      -  -S^ 

from  49-8 
to  53-5 

44 '97 
41-86 

Crude  paraffin  oil  or  "heavy  oil "f 

from  53  "5 

41*86 

from  either      -      -      -  -\ 

to  56-0 

40-00 

Dead  oil  or  ereawte  - 

65-4 

34-25 

Coal        -        -  - 

from  52-0 

43- 07 

to  60-0 

37-33 

All  these  materials  are  much  more  highly  inflam- 
mable than  coal.  This  is  especially  the  case  with  crude 
petroleum  and  mide  paraffin  oil,  both  of  which  con- 
tain a  con^derable  amount  of  very  volatile  apirit  or 
oil  that  will  take  fire  at  and  below  the  ordinary  atmo- 
spheric temperature  on  ecmtact  with  flame,  and  will 
also  give  off  vapour  that  is  I'eadily  inflammable,  and, 
when  mixed  with  air,  becomes  explosive.  But  Uie 
<h1  from  which  this  more  volatile  portion  has  been 
separated  will  bear  beiug  considerably  heated  without 
taking  6re  by  contact  with  flame.  The  dead  oil  from 
the  coal  tar  of  gasworks  will  bear  being  still  more 
strongly  heated  before  it  will  take  fire,  and  it  is 
scarcely  capable  of  giving  off  inflammable  vapour.  In 
this  respect,  therefore,  its  use  as  fuel  is  attended  with 
less  liability  to  accident  by  fire  than  any  of  the  other 
materials  proposed  to  be  used  as  liquid  fuel. 

III.  Calorific  power  and  evaporative  efficacy  of 
liquid  fuel  as  compared  with  coal. 

The  principles  upon  which  the  relative  .calorific 
power  end  evaporative  efficacy  of  these  materials,  and 
of  coal  or  other  kinds  of  fuel,  can  be  estimated  accord- 
ing to  their  chemical  composition,  aud  the  amounts  of 
heat  capable  of  being  generated  by  the  combustion  of 
their  constituents,  have  been  fully  explained,  and  their 
application  illustrated  in  reference  to  the  subject  of 
liquid  fuel,  in  a  lecture  delivered  before  the  tjnited 
Service  InsHtutitm,  by  Professor  W.  J.  I&cqnoni 
Rankine,*  and  in  a  paper  read  by  myself  at  ihe 
Society  of  Arts,  copies  of  which  I  enclose  herewith. 
It  will  suffice  here  to  give  a  comparative  statement  of 
the  results  obtained  by  such  an  estimation  of  the 
calorific  power  of  ordinary  coal,  and  of  the  materials 
available  for  use  as  liquid  fuel,  and  at  the  same  time 
to  give  the  pi-obable  elevation  of  temperature  produced 
by  the  combustion  of  any  one  of  these  kinds  of  fuel, 
together  with  the  estimated  maximum  evapwative 
duty  of  which  it  would  be  capable  when  burnt  undv 


*  Bnclomuw  2fOi  t»pA  f. 
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conditioos  the  most  favonrable  for  realizing  the  highsit 
degree  of  efficM^. 


Qiuntltj  of 
from  60°  to 

Total 

Heat  avftil- 

Tempe- 

Porlponndof 

t^iantityor 
nrat  niuh 
ntad. 

lAlefor 
produoiDg 
BtMm. 

812°  F.,  and 
converted 
Into  Bteam 
gX  812°  F. 

nture  of 
Flame. 



Heatunita. 

) 

Heat  units. 

lbs. 

F. 

Crude  petro- 

16,847* 

15 

4646° 

leum. 

Crude  paraf- 

30,000 

16,947* 

4646° 

fin  oiL 

Heavy  oil 

20,000 

16,847* 

15 

4646° 

from  either. 

Dead  oil  or 

16,628 

14,567* 

L3 

4495° 

ereaaote. 

c«>{r: 

13,890 

1 0,001 1 

8*95 

2500° 

14,833 

10.817 

9 -671 

11 

*  It  ti  here  aMnmed  that  the  oil  u  burnt  with  only  Juit  enough  air 
for  combustion,  and  that  the  f  umaco  gas  b  discdiarRed  at  600°  F. 

t  Bornt  aa  usual  with  twice  the  air  neoeanu?  for  oombuttion. 

X  The  evaporative  dutj  here  and  in  the  subsequent  table  oasigued  to 
ocal  is  probMly  hicber  than  Uiat  actually  obtained  on  the  average  in 
■team  veanla  lo  the  extMit  <tf  about  SO  per  cent. ;  7  lbs.  of  water  con- 
verted  Into  steam  per  pound  of  ooal  oonanmed  bring  nearer  the  actual 
avenge  duty  oUafned  with  ooal  In  ateam  veMda. 

rV.  Relative  efficacy  of  liquid  fuel  and  coat  as  steam 
fuel,  in  relation  to  the  apace  they  occapy  respectively. 


Quantltr  of  water  Belative  steam 

heated  from  fUT 


I  culne  foot  of 

Crude 


to  212°  F.,  and 
converted  into 
steam  at  212°  F. 


producing 
capability  for 
a  given  milk 
of  fuel. 


CnMe  fleet. 

P*^|evai)orateafW>inll-95to  12-84 
Crude  paraffin 


oU  -  -J- 
Hee^  oil  from  1 
either  •      -  f 
Dead    oil    or  \ 
ereaaote      -  j 
Coal,  as  atowed  \ 
in  bunker*  -  / 


lS-84 
IS '84 


13*44 
13-44 


1-53 


1-6S 
1*C3 


■91 
•96 
•96 


about 

from 
to  - 


-    13-60      1"68  1*00 


7-48 
6-M 


} 


1*00 


•59 


Hence  it  will  be  seen  that  the  saving  of  stowage 
space  with  liquid  fuel  amounts  to  about  35  to  40  per 
cent,  of  the  space  occupied  by  a  quantity  of  coal  of 
equal  steam-producing  capability. 

V.  Applications  of  liquid  fuel,  and  methods  of 
iiang  it. 

One  of  the  applications  of  liquid  fuel  first  attempted 
was  for  genei-ating  steam.  When  its  use  for  this  pur- 
pose was  first  proposed,  the  chief  difficulty,  which  was 
to  some  extent  foreseen,  and  was  eventually  expe- 
rienced by  those  who  attempted  to  employ  it,  was  that 
of  ensuring  the  perfect  combustion  of  the  oil  at  the 
proper  place, — imder  the  steam  boiler,— so  that  pro- 
duction of  smoke  might  be  prevented,  and  the  full 
heating  or  evaporative  capability  of  the  fuel  might  be 
realised.  This  difficulty,  which  obtains,  to  some 
extent,  with  ordinary  coal,  in  a  degree  greater  in  pro- 
portion to  the  amount  of  bituminous  and  volatilizable 
material  contained  in  the  coal,  was  considerably 
greater  with  the  oils  proposed  to  be  used  as  liquid 
niel.  And  this  was  to  be  expected,  since  those  oils  are 
almost  entirely  volatilizable  by  heat,  while  the  coal 
ordinarily  used  as  fuel  rarely  contains  man  than  30 
per  cent,  of  such  voIatiliEable  material ;  and  in  the 
kinds  best  adapted  for  use  as  steam  fuel,  the  amount 
is  very  much  less. 

In  illustration  of  this  particular,  I  beg  to  refer  to 
the  accompanying  report  by  Mr.  Lloyd,*  the  engiueer- 
in-chief  to  the  Navy,  dated  6th  July  1866,  stating  the 
results  obtained  in  trials  with  petroleum  and  paraffin 
oil  at  Wooiwich  Dockyard  during  the  early  part  of 
that  year. 

In  those  trialsf  steam  jets  were  employed,  with  the 
liquid  fuel,  to  prodnce  a  blast  in  the  furnace,  and  thus 


*  BnoloHure  No.  t. 
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fitcilitate  the  combustion  of  the  oil.  But,  notwith- 
standing this  appliance,  the  report  refei'red  to  shows 
that  in  most  of  the  trials  much  smoke  was  produced, 
and  the  tubes  of  the  boiler  were  rendered  very  foul 
by  deposition  of  soot  in  them. 

As  a  necessary  consequence  of  this  production  of 
smoke  and  soot,  the  evaporative  effects  produced 
were,  in  most  instances,  far  below  what  might  have 
been  expected  from  theoretical  considerations  as  to 
die  evaporative  efficacy  of  the  oils,  based  upon  their 
chemical  composition.  The  average  result  of  the 
whole  of  the  experiments  was  an  empwstion  of 
1 3  •  2  lbs.  *  of  water  per  pound  of  oil  consumed,  and  the 
range  of  variation  was  from  7^14  lbs.  to  18*38  lbs.* 
Then,  in  the  most  sucoessftil  trials,  the  rate  of  evapo- 
ration was  very  low  ;  and,  for  this  reason,  something 
should  be  deducted  from  Uie  observed  results,  in  order 
to  ascertain  the  actual  useful  effect.  A  further  de- 
duction should  also  be  made  to  allow  for  the  steam 
used  for  producing  the  blast. 

The  evaponttive  effect  obtained  with  coal  in  the 
coal  trial  boiler  at  Woolwich  Factory  amounted  to 
8  lbs.  of  water  per  pound  of  coal  consumed,  and  much 
higher  results  have  been  obtaiued  with  coal. 

An  improved  methodf  of  using  liquid  fuel  was  sub- 
sequently introduced,  by  which  better  results  were 
obtained  in  regard  to  perfect  combustion.  This  con- 
sisted in  supplying  the  oil  to  the  furnace  in  a  small 
slreun  by  allowing  it  to  flow  from  a  pipe  leading  from 
a  reservoir,  and  prqj  acting  into  the  Aimace,  while  at 
the  same  time  a  jet  of  high-pressure  steam  was  inbt>- 
dnced  with  the  stream  of  oil,  so  that  the  latter  was 
forcibly  blown  into  a  jet  of  spray,  in  which  cwdition 
it  burnt  very  readily  and  completely  witJiin  the  fui> 
nace.  With  this  method  there  would  probably  be  a 
great  improvement  in  the  rate  of  evaporation ;  but  the 
useful  effect  would  still  be  reduced,  as  in  the  previous 
case,  in  proportion  to  the  amount  of  steam  used  in 
producing  the  spriiy  jet.  I  have  seen  several  steam 
boilers  fired  with  Uquid  fuel  in  this  manner,  and  in  all 
instances  the  combustion  was  rapid,  complete,  and 
cf^ble  of  being  regulated  with  ease. 

On  various  occasions  statements  have  been  made  in 
reference  to  this  method  of  using  liquid  fuel,  laying 
claim  to  the  realization  of  results  amounting  in  evapo- 
rative efiect  to  19  lbs.  and  upwards  of  water  per 
pound  of  oil  consumed,  the  oil  need  having  been 
"  dead  oil "  m-  ereaaote."  But  those  statements  have 
never  been  accompanied  by  any  sufficiently  precise 
data  relating  to  the  measurement  of  the  oil  consumed 
and  the  water  evaporate<],  to  show  that  they  are  well 
founded.  Moreover,  the  known  calorific  power  of 
materials  almost  identical  with  the  oils  proposed  to  be 
used  as  liquid  fuel,  established  by  most  rigorous  ex- 
perimental evidence,  is  very  far  below  what  would  be 
indicated  by  the  statements  referred  to,  as  appertain- 
ing to  the  oil  used  as  liquid  fuel.  Lastly,  theoretical 
considerations  as  to  the  calorific  power  of  these  oils, 
according  to  their  chemical  compositiou,  and  aa  to 
the  disposition  of  the  heat  generated  by  their  com- 
bustion, under  such  conditions  as  prevail  in  the  fur- 
nace of  a  steam  boiler,  lead  to  results  showing  that 
the  evaporative  efficacy  of  these  oils  cannot,  at  the 
utmost,  be  expected  to  amount  to  more  than  from 
13  to  16  lbs.  of  water  per  pound  of  oil  consumed. 
For  these  reasons,  therefore,  it  appears  that  in  the 
absence  of  direct  and  positive  experimental  evidence 
of  the  high  evaporative  results  claimed  to  have  been 
realized,  thei'o  are  the  strongest  grounds  for  regarding 
the  statements  to  that  effect  as  being  incorrect,  and 
based  on  defective  observation. 

A  very  considerable  improvement^  upon  this  method 
of  using  liquid  fuel  consisted  in  first  vaporizing  the  oil 
and  then  burning  it  in  that  states  at  the  same  time  ap- 
plying the  elastic  force  of  the  heated  oil  vapour  as  the 


•  Heated  mwi  100°  bo  sir  F.,  and  ccnverted  into  ateam  at  112°  F. 
t  Fidd's  method. 

X  Doraetfamethod.awBudoaureM'o.^  Aa  tiw  reanlt  of  vwy  cn» 
ItaUy  conducted  t-xiwrlmeutal  trials  of  thii  method  on  board  a  ateam 
veaaelofSW  tons  burden,  th<>  'ivaporative  duty  waa  f onnd  to  be  about 
U  lha,  per  iKnud  of  oil  qonaaroed,  that  bebis  oraeMts. 
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■ON  WASTE  IN  COMBUSTION. 


means  of  producing  a  sufficient  blast  fin-  pwfeot  onn- 
bustion  in  the  boiler  furnace.   This  method  of  using 
liquid  fuel  was  first  practised  in  the  distillation  of  the 
coal  tar  of  gasworks,  the  material  employed  being  tiie 
denser  portion  of  the  oil  obtained  from  that  source, 
and  commonly  known  as  "dead  oil"  or  "creasote." 
Most  satisfactory  results  have  been  obtained  in  this 
way  at  several  works.    The  time  required  for  distil- 
ling off  a  chai^  of  tar  was  reduced  from  24  hours, 
which  it  took  with  coal,  to  only  12  hours  when  the 
oil  was   used  as  fuel,  thus  doing  away  with  the 
necessity  for  continuing  work  during  the  night.  An 
experience  of  about  14  months  has  also  shown  that, 
while  the  tar  stills  fired  with  coal  were  frequently  in 
need  of  repair,  those  fired  with  oil  do  not  require 
repuring  anything  like  so  frequently.  Tliis  difference 
I  conceive  to  be  in  great  measure  due  to  the  circum- 
stance, that,  in  bnming  oil  as  just  descaibed,  combus- 
tion is  probably  effbcted  with  a  much  smaller  amount 
of  air  supply  than  when  coal  is  burnt  in  the  usual 
way,  with  a  draught  produced  by  means  of  a  chimney, 
so  that  while  in  the  latter  case  the  air  supply  is  on 
the  average  at  the  rate  of  24  lbs.  or  300  cubic  feet 
per  pound  of  fuel  burnt,  or  about  twice  as  much  as  is 
chemically  requisite  for  combustion,  the  air  supply  in 
the  combustion  of  oil  by  means  of  a  blast  in  place  of  a 
chimney  draught  is  not  much  if  at  all  more  than  is 
actually  requisite  for  bumiog  the  fuel.    In  conse- 
quence of  this  difference  the  atmosphere  of  the  furnace 
in  which  oil  is  thus  burnt  consists  merely  of  carbonic 
acid,  water  vapour,  and  nitrogen,  and  does  not  con- 
tain any  surplus  atmospheric  fur,  so  that  IJie  bottom 
and  aides  of  the  stills  exposed  to  the  flame  are  not 
luible  to  oxidation  as  they  are  when  fired  with  coal 
burnt  by  means  of  a  chimney  draught. 

This  advantage,  which  I  diall  again  have  occasicm 
to  refer  to,  belongs,  more  incidentally  than  otherwise, 
to  the  use  of  liquid  fuel,  and  it  appertains  rather  to 
the  mode  in  which  combustion  of  the  fuel  is  main- 
tiiined,  viz.,  by  a  blast  instead  of  a  chimney  drai^ht. 
When  steam  is  used  for  producing  the  blast  in  burn- 
ing liquid  fuel,  this  advantage  would  be  gained  only 
at  a  certain  cost  equal  to  the  expenditure  of  steam 
for  the  purpose,  and  to  the  corresponding  quantity  ot 
fuel  consumed  in  generating  steam  for  that  purpose, 
instead  of  being  used  in  the  cylinder  of  the  steam 
engine,  or  for  such  other  purpose  as  it  might  other- 
wise be  apidied  to.  But  when  the  elastic  force  of  the 
vapour  of  the  oil  burnt  is  itself  implied  for  produdng 
the  blast,  there  is  no  such  waste,  and  the  flill  efficacy 
of  the  fuel  may  be  realized  for  any  purpose  to  whi«L 
it  may  be  applied. 

The  use  of  liquid  fuel  for  generating  steam  on 
board  ship  has  been  adrocat^  cm  the  f(^owing 
grounds,  viz. : — • 

1.  That  its  evaporative  efficacy  is  much  greater 

than  that  of  coal. 

2.  That,  by  reason  of  this  circumstance,  a  steam 

T^sel  could  make  a  ^ven  passive  with  a 
smaller  weight  and  a  smaller  bulk  of  liquid 
fuel  than  of  coal. 

3.  That,  consequently,  either  a  portion  both  of  the 

tonnage  and  of  the  stowage  space  that  would 
otherwise  be  occupied  by  cos!  would  be  avail- 
able for  freight ;  or,  with  the  same  weight  or 
bulk  of  fiiel,  a  steam  vessel  could  make  a 
longer  passage,  or  keep  the  sea  longer  in 
cruising,  when  fumished^with  liquid  fuel  than 
when  furnished  with  coal. 

4^  That  the  labour  of  supplying  a  vessel  with  fuel, 
of  stoking,  removing  ashes,  &c.,  would  be  very 
much  leas  with  liquid  fuel  than  with  coat ; 
and  consequently  that  greater  part  of  the 
men  employed  in  the  latter  case  could  be  dis- 
jiensed  with,  bo  as  to  efiect  a  large  saving  in 
outlay  for  curi-ent  expenses ;  and  also  to 
render  the  space  occupied  in  a  vessel  by  the 
quarters  of  those  men  available  for  more  pro- 
Stablo  purposes. 

5*  That  with  liquid  fuel  steam  could  be  raised 
mudi  qnioKer  than  witii  coal,  and  conse- 


quently that  the  expenditure  of  fb«l  in  keep 
ing  the  fires  banked  up  while  die  vessd  was 
not  steaming  might  be  to  a  great  extent 
avmded. 

6,  That  in  consequence  of  the  liquid  fuel  being 
stowed  in  tai^s,  which  might  be  constructed 
between  the  outer  and  inner  skins  of  iron 
vessels,  the  immersion  of  a  vessel  might  be 
maintained  constant  during  an  entire  vojsge, 
by  admitting  water  into  the  oil  tanks  as  they 
were  emptied. 
These  advantages  are  probably  all  real,  aoA  they 
are  of  such  a  nature  as  to  appear  at  first  ught  very 
attractive,  but  they  have  beni  in  many  instances 
enormously  exaggerated  by  enthudastic  advocates ; 
and  there  are  many  other  circumstances  that  require 
to  be  taken  into  account  before  the  true  value  these 
advantages  can  be  properly  estimated. 

Among  the  most  prominent  of  the  circmnstancefl  to 
be  considered  in  reference  to  the  general  question  u 
to  ihe  advantage  to  be  gained  by  llie  substituticni  of 
liquid  fuel  for  coal  in  steam  navigation  are  the  foir 
lowing,  viz. : — 

1.  The  infiuence  which  the  characters  of  the 

various  kinds  of  oil  that  are  available  as 
liquid  fuel  may  be  likely  to  exercise  in 
regard  to  safety  from  accident  by  fire,  or  in 
the  event  of  damage  to  a  vessel  by  shot  or 
otherwise ;  and  the  mode  of  stowage  it  would 
be  neoessaiy  to  a/Axxpt  far  liquid  niel  of  any 
kind. 

2.  The  extent  to  which  the  supply  of  oils  avuliUe 

as  liquid  fuel  is  or  may  be  expected  to  become 
sufficient  to  meet  the  requirements  of  steam 
navigation  generally  or  in  special  cases. 

3.  The  cost  of  such  materials  at  the  present  time, 

and  the  kind  of  influence  which  a  large  de- 
mand for  them  would  seem  likely  to  exercise 
on  their  price  in  future,  having  regard  to  tiie 
possible  sources  of  such  materials. 

4.  How  far  the  characters  of  liquid  fuel  may  admit 

of  its  being  used  without  caosing  such  nui- 
sance as  would  render  it  objectumable, 
olally  in  passenger  ships. 

VI.  Danger  attending  the  use  of  liquid  fud. 

In  regard  to  the  first  point,  it  must  be  remembered 
that  crude  petrcdeum  and  crude  paraffin  oil  are  Iwlk 
highly  influnmable,  even  in  the  cold ;  that  they  both 
readity  give  off  an  extremely  inflammable  and  very 
difihsive  vi^ur,  espedally  when  slightly  warmed  ; 
and,  that  this  vapour,  when  mixed  with  atmospheric 
air,  in  certain  proportions,  becomes  violentiy  explogire 
on  contact  with  flame,  or  with  any  body  sufficiently 
heated. 

These  materials  likewise  possess  a  great  capabiUty 
of  penetrating  through  extremely  small  apertures, 
an4  therefore  they  would  be  liable  to  esci^>e  from  any 
defect  in  the  tanks  or  reservoirs  contuning  them, 
and  thus,  by  coming  in  oonlact  with  atmospheric  air 
in  confined  spaces,  to  form  an  explosive  mixture  that 
might  endanger  the  safety  of  a  vessel.  These  m^erials 
are,  moreover,  lighter  tlun  water  ;  and,  consequently, 
in  the  ov&at  of  any  accident  by  which  the  oU  reser- 
voirs were  damaged,  so  that  tiie  oil  could  escape  into 
the  water,  it  would  float  round  the  vessel,  and,  by 
reason  of  its  inflammability,  be  very  liable  to  take 
fire  and  destroy  the  vessel. 

For  these  reasons,  the  presence  of  a  lai'ge  quantity 
of  either  of  these  materials  on  board  a  vessel,  would 
necessarily  be  attended  with  much  greatei'  risk  of 
accident  by  fire  than  would  be  the  case  with  an  equal 
quantity  of  coal ;  and  therefore  it  would  seem  tlist 
neither  of  these  mattnials,  in  the  crude  state,  wouM 
be  suitable  for  use  as  liquid  fuel  on  board  steam 
vessels. 

These  objections  would  be  only  in  port  removed 
if  the  less  volatile  and  denser  portions  of  these  oils 
were  used ;  for  these  heavy  oils  would  still  be  lighter 
than  water,  and  onty  in  some  degree  less  tnHammable 
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than  the  crude  oUb,  espedally  when  flome^Huit 

heated. 

The  only  known  material  which  ia  &ee  fi*oin  all 
the  above-named  objectione  that  may  be  reasonably 
urged  against  the  adoption  of  either  petroleum  or 
paraffin  oil  in  Uie  emde  state,  or  the  less  volatile 
portions  of  them,  is  the  "dead  oil"  or  creasote 
obtained  as  a  waste  product  from  coal  tar.  This 
material,  having  a  greater  density  than  water,  would 
therefore  occupy  less  space  f<x*  stowage  than  petny- 
leum  or  puvffln  oil  and  ^eir  products.  For  the  same 
reason  it  woidd  not  be  so  dangerous  as  the  lighter 
oils,  in  case  of  accident;  for,  instead  of  floating  on 
the  sur&ce  of  water,  and  being  liable  to  take  fire,  it 
would  sink  harmlessly. 

Again,  it  is  so  very  much  less  inflammable  that  it  is 
only  when  very  strongly  heated  that  it  can  be  set 
Are  to,  and  even  then  it  does  not  give  ofl"  vapour 
whidi  is  capable  of  becoming  eiqtlosive  under 
ordinarily  probable  circumstances. 

"VTL  Supply  of  materials  applicable  as  liquid  fiiel. 

In  regard  to  the  supply  of  petrolenn^  it  will, 
perhaps,  be  suffieient  to  say  that  the  total  production 
in  America  does  not  amount  to  more  than  about 
400,000  tons  a  year,  and  that  the  demands  for  this 
material  and  for  its  products,  for  lighting  and  lubri- 
cating, are  rapidly  increasing.  No  other  source  of 
petroleum  is  known  which  at  all  approximates,  in 
extent,  to  that  in  America;  but  even  that  appears 
trifling  when  compared  with  the  enormous  consump- 
tion ca  coal  for  steam  navigation,  which,  in  vessds 
bel<»iging  to  this  country  ^one,  amounts,  as  I  have 
reason  to  beliere,  to  upwards  of  10,000,000  tons  a 
year. 

The  distillation  of  bitmninous  shale,  certain  kinds 
of  -  coal,  and  other  analwous  materials,  constitutes  a 
la^  source  of  the  oil  resembling  petroleum,  and 
commonly  known  as  paraffin  oil.  This  oil  has  been 
extensively  produced  both  here  and  in  America ;  and 
it  would,  in  most  respects,  stand  on  much  the  same 
footing  as  crude  petroleum  in  regard  to  its  applica- 
bility OS  liquid  fuel.  Bituminous  minerals  capable  of 
yielding  such  oil  exist  very  nbundantly  in  many 
places  ;  but  in  America  and  in  this  country  the 
manufacture  of  the  oil  has  been  almost  entirely 
stopped,  on  account  of  the  low  price  at  which  petro- 
leum is  sold,  rendering  competition  with  the  latter 
material  and  its  products  impossible.  A  very  large 
supply  of  oil  might  no  doubt  be  derived  frtun  this 
source  i^  in  regard  to  price,  circumstances  were  more 
favourable  to  its  production  ;  but  it  is  verj  questi<m- 
able  whether  that  supply  would  be  much,  if  at  all, 
more  adequate  to  meet  the  requirements  of  steam 
navigation  than  the  supply  of  pe^leum. 

The  quantity  of  dead  oil  ot  "  creasote  "  avulable 
as  tiie  produce  <^  the  distilladmi  of  the  coal  tar  of 
gas  works  is  exceedingly  limited  when  compared 
with  the  consumption  of  fuel  in  steam  navigation  ; 
and  probably  the  produce  of  the  whole  kingdom 
does  not  amount  to  more  than  about  100,000  tons  a 
year. 

A  probable  further  source  of  oil  similar  to  the 
dead  oil "  of  the  tar  distiller  might  be  found  in  the 
distillation  of  "  slack "  or  small  coal  and  the  waste 
coal  dust  that  accumalates  at  the  mouth  of  coal  pits. 
In  fact,  it  might,  in  some  cases,  be  desirable  to  extend 
such  a  mode  of  treatment  to  certain  kinds  of  coal,  and 
to  combine  the  production  of  an  oil  sinular  to  "  dead 
oil  **  with  the  mann&ctore  of  comprowed  coaL  Fos- 
nbly  in  this  way  a  large  supply  of  oil  could  be 
obtuned  veiy  suitable  for  use  as  liquid  fuel ;  while, 
at  the  same  time,  the  coal  or  coal  dust  from  which  it 
was  obtained  might  either  be  improved  as  regards 
their  applicability  as  steam  fuel,  or  large  quantities  of 
waste  coal  might  be  converted  into  useful  fuel. 

As  another  possible  source  of  a  similar  oil,  it  may 
also  be  stated  that  in  the  Islnnd  of  Trinidad  there  is 
a  vast  deposit  of  bitumen  which  yields  by  distillation 
about  30  per  cent,  of  a  thick  heavy  oil  approximating 


closely  in  general  character  to  the  «  dead  oil  "  of  the 
tar  distiller;  and  it  is  possible  that  this  bitumen 
might  thus  be  rendered  available  as  a  source  liquid 
faa,  if  there  should  be  a  demand  for  it  hereafter. 

VIIL  Cost  of  materials  applicable  as  liquid  fu^ 

Crude  petroleum  is  not  at  present  an  article  of  com- 
merce in  this  country,  and  therefore  the  price  of  it 
cannot  be  stated  exactly.  The  price  of  crude  paraffin 
oil  is  to  a  great  extent  regulated  by  the  ruling  price 
of  refined  petroleum,  which,  at  the  present  time,  is 
about  24/.  per  ton,  and  that  of  crude  paraffin  oil 
about  61.  per  ton.  The  fact  that  the  pioductiim  of 
this  oil  has  been  so  mnch  restricted  of  late  by  the 
low  price  of  petroleum  would  seem  to  indicate  tliat 
there  is  a  little  prospect  of  its  being  obtained  at  any 
lower  price  than  this. 

The  price  asked  at  present  for  ''dead  oil"  or 
"  creasote  "  delivered  free  on  board  a  vessel  in  the 
Thames  is  about  22  shillings  per  ton.  It  must, 
however,  be  remembered  that  tiiis  material  is  a  waste 
product ;  and  though  it  is  now  being,  to  some  extent, 
used  as  ^el  by  tar  distillers,  and  with  advantage,  the 
disposal  of  this  oil  has  hitherto  been  a  source  of  con- 
siderable trouble  to  them  ;  while,  as  yet,  there  is  no 
great  demand  for  it  as  liquid  fuel.  Therefore,  con- 
sidering that  the  quantity  now  produced  is  very 
small  as  compared  with  the  demand  that  might 
arise  for  it  as  liquid  fuel  for  steam  navigation,  there  is 
much  reason  to  anticipate  that,  if  such  a  demand  were 
to  ariae^  the  value  of  tiie  oil  would  rise  above  that  of 
coal,  to  an  extent  proportionate  to  its  relatively 
greater  efficacy,  and  such  other  advantages  as  might 
result  from  its  application  as  steam  fuel. 

As  to  the  probable  price  of  oil  derived  from  any 
of  the  otiier  sources  above  mentioned,  which  are  us 
yet  only  potential,  it  is  of  course  only  possible  to 
form  a  speculative  opinion. 

IX.  Objectionable  circumstances  attending  tihe  use 
of  liquid  fuel. 

All  the  materials  above  mentioned  agree  in  pos- 
sessing a  stitmg,  penetrating  and,  to  many  persons, 
exceedingly  disagreeable  smell,  which  becomes  mnch 
more  perceptible  when  the  oil  is  in  contact  with 
heated  objects,  even  in  very  small  quantity.  Hence, 
in  the  use  of  any  of  these  materials  as  fuel,  a  slight 
leakage  of  the  reservoirs  or  conducting  pipes,  and  the 
almost  unavoidable  presence  of  small  qnantities  of  the 
oil,  spilt  or  smeared  about  the  stoke-hole  of  a  steam 
vessel  would  be  likely  to  difliise  throughout  the 
whole  vessel  a  smell  which  might  be  considered 
highly  objectionable,  espedally  in  passenger  diips. 

X.  Applicability  of  liquid  fuel  for  steam  navi- 
gation. 

Taking  into  consideration  all  the  circumstances 
above  mentioned,  it  appears  that  neither  petroleum 
nor  paraffin  oil  would  be,  in  the  crude  state,  fit 
materials  for  use  as  liquid  fuel  on  board  a  vessel,  and 
that  if  the  Icbs  volatile  portions,  either  of  petroleum 
or  of  paraffin  oil,  should  be  found  more  suitable  for 
the  purpose,  it  is  very  doubtful  whether  they  could  be 
obtained  at  a  sufficiently  low  price  to  ofTer  any 
general  advantage  over  the  use  of  coal  for  steam 
navu;ation. 

The  **  dead  oil  "  or  creasote  **  of  the  tar  distiller 
ia  a  material  which  appears  to  be  free  from  any  of  the 
objections  that  may  be  raised  to  the  use  of  liquid 
foci,  on  the  ground  of  its  being  more  dangerous  than 
coal.  But  tiie  present  supply  of  *'  dead  oil "  is  alto- 
gether insignificant  as  compared  with  the  consumption 
of  coal  in  steam  navigation  ;  and,  whether  or  not 
that  supply  could  be  supplemented  from  other  sources, 
the  fact  that  such  a  further  supply  would  be  derived 
either  from  coal,  or  from  closely  analogous  material, 
affords  reaacmable  ground  for  anticipating  that  the 
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cost  of  such  a  material  would  be  at  least  propor- 
tionate to  any  advantage  t-o  be  gained  by  its  uee. 

Considei-ing  the  question,  therefore,  from  all  points 
of  view,  it  would  seem  that  there  is  no  foundation 
for  the  suggestion  that  has  been  vaguely  hazarded, 
that  the  use  of  liquid  fuel  is  to  effect  a  total  revolution 
in  steam  navigation,  and  to  necessitate  another  re- 
construction of  oui-  navy.  On  the  contrary,  giving 
full  weight  to  tho  various  adrimtagra  capable  of 
bcnng  gained  hj  the  use  of  liquid  fuel,  fuid  considering 
tho  Tarions  circumBtances  of  cost,  extent  of  supply, 
Ac,  which  would  afiect  its  applicability,  there  seems 
to  be  the  strongest  reascms  for  concluding  that  the 
use  of  liquid  fud  for  purposes  of  steam  navigation 
must  in  any  case  be  very  limited,  and  that  it  is  only 
under  special  conditione  that  it  would  be  desirable. 

There  may,  indeed,  be  circumstances  under  which 
the  advantages  to  be  gained  by  the  use  of  liquid  fuel 
might  be  of  special  and  incalculable  value,  altogether 
outweighing  any  considerations  as  to  cost,  inconve- 
nience, and  perhaps  even  danger  or  other  objections ; 
and  it  appears  to  be  only  within  such  narrow  limits 
that  there  is  any  ground  for  entertaining  the  question 
as  to  the  (q>pUcability  of  liquid  fuel  for  steam 
sarigatioii. 

XI.  Other  applications  of  liquid  fuel. 

Within  the  last  five  mouths  the  "dead  oil"  or 
*'creadote"  above  mentioned  has  been  applied  aa 
fuel  tar  the  fbmaces  used  in  ironworks  for  heating 
iron  plates,  angle-iron,  &c.  used  in  boiler-making  and 
in  oUier  kinds  of  iron-work,  such  as  ship-baUding, 
&c.  The  results  thus  obtained  have  been  very 
satisfiuitory.  It  has  been  found  possible  to  produce 
a  higher,  steadiw,  and  more  even  heat  with  Uie  liquid 
fuel  than  with  vxt&l.  The  relative  consumption  of  fViel 
in  such  a  case  is  stated  to  have  been  in  the  proportion 
of  about  8  cwt.  of  tho  liquid  fuel  for  1  ton  of  coal. 
The  time  occupied  in  heating  the  iron  with  liquid 
fnel  is  also  stated  to  have  amounted  to  oiily  one-fifth 
or  one-fourth  of  that  required  with  coal,  f^o  tbut  foi*  a 
given  amount  of  work  a  smaller  number  of  furnaces 
would  be  required.  Thus,  for  instance,  while  the 
heating  of  a  half-inch  plate  sufficiently  for  beudiug  it 
would  take  from  fifteen  to  twenty  minutes  with  coal, 


it  would  require  only  four  or  five  minutes  with  the 
liquid  fuel ;  and,  while  a  four-inch  armour-plate 
would  take  three  hours  to  heat  with  coal,  it  would 
require  only  38  minutes  with  liquid  fuel.  A  fur^er 
advantage  of  this  application  of  liquid  fuel  consists  in 
the  heated  iron  being  much  freer  from  "  scale,"  or  the 
coating  of  oxide  that  is  formed  on  its  surface  while 
being  heated,  when  liquid  fiwl  Is  used,  thui  it  ia  with 
coal.  This  result  is  most  probably  due  to  tho  cir- 
cumstance, already  referred  to,  that  in  a  fiimace  fired 
with  liquid  fuel  there  is  probably  very  much  less 
surplus  air  th«i  in  a  furnace  fired  with  coal  burnt  by 
a  chimney  draught  in  the  ordinary  way. 

In  this  respect  the  use  of  liquid  fuel,  when  burnt 
with  a  blast,  affords  tho  same  advantages  as  the  gas 
furnace  introduced  by  Mr.  Siemens  ;  and,  for  this 
reason,  it  appeal's  to  be  likely  that  its  application  in 
this  way  for  heating  iron  plates,  forgings,  Ac,  would 
be  attended  with  comtiderabls  advantage  in  iron- 
works. 

This  use  of  liquid  fuel  has  been  under  trial  fur 
some  months  at  the  works  of  Messrs.  Camroux 
and  Co.,  at  Deptford,  and  it  h*»8  been  found  to  woric 
very  well,  it  has  also  also  been  introduced  at 
Woolwich  Dockyard,  and  is  about  to  be  more  ex- 
tensively tried  there.  I  expect  soon  to  have  some 
further  particulars  of  the  results  obtain^  in  these 
trials,  and  shall  then  submit  them  to  your  notice. 

These  remarks  appear  to  me  to  comprise  all  t  he 
iufoimation  which  1  am  nowable  to  supply  in  reference 
to  this  subject ;  but  if  there  should  be  any  need  for 
further  details  or  explanation,  I  shall  be  very  happy 
to  furnish  it,  so  far  as  I  may  be  able,  on  hearing  from 
you  to  that  effect. 

I  have  the  honour  to  be. 
Gentlemen, 
Your  most  obedient  servant, 
B.  H.  Padl. 

Enclosures  : 

No.  1.  Report  of  exi)eriments,  &c.  at  Woolwich 
Dockyard. 

2.  Lecture  by  Prof.  W.  J.  M.  Kaukine. 

3.  Paper  on  liquid  fuel  by  B.  H.  Paul. 

4.  Report  on  Doraott's  method  of  usins  liquid 

fiieL  ^ 


14.  The  Committee  then  took  the  evidence  of  Sir  William  Armstrong  and  Mr.  Crampton,  which 
vas  written  by  Mr.  Hodges. 


SrW. 
Armttrong, 

IStk  Apr.  1S69. 


Sir  William  Abustrono,  a  Member  of  the  Commission,  examined. 


244.  {Chairman.)  You  have  been  long  engaged 
in  various  branches  of  metallurgy,  not  merely  with 
reference  to  the  manufacture  of  iron,  but  also  to  other 
branches  of  metallurgy  generally  ;  therefore  I  would 
ask  you  if  you  have  any  evidence  to  give  bearing  on 
the  subject  which  is  being  considered  by  this  Com- 
mittee, namely,  the  waste  of  coal  in  combustion,  which 
you  deem  of  iropoitance  to  state  ? — I  do  not  consider 
that  my  experience  is  at  all  considerable  in  matters 
connected  with  metallutgy.  It  is  chiefly  aa  an  en- 
gineer that  I  may  be  considered  to  speak  with  any 
sort  of  authority  on  matters  relating  to  the  combus- 
tion of  coal,  though  of  course  I  entertain  general  ideas 
on  the  whole  subject.  It  appears  to  me  that  the 
general  subject  of  the  waste  of  fuel  in  combustion  may 
be  properly  ccnisidered  under  three  heads.  Fintt, 
the  consumption  of  coal  for  household  purpose^: 
second,  the  consumption  of  coal  for  motive  power  ; 
and,  third,  the  consumption  of  coal  for  mannfacturing 
purposes.  I  should  imagine  that  the  chairman's 
statistical  knowledge  of  these  subjects  would  lead  him 
to  say  that  the  consumption  of  coal  under  each  of 
those  divisions  would  not  be  very  dissimilar  in  point 
of  quantity.  I  should  suppose  that  each  division  em- 
braccft  something  like  one  third  of  the  whole 
quantity  of  coal  cwsumed.   In  each  of  tliose  divisions 


the  present  waste  is  excessive,  and  to  a  great  extent 
remediable.  Under  the  first  head  I  think  it  must  be 
obvious  to  everybody  that  the  manner  in  which  we 
apply  coal  for  culinary  and  house-warming  purposes 
is  at  present  most  extravagant.  The  old  fashioned 
open  kitchen  fire  is  still  the  apparatus  in  general  use 
for  cooking.  We  have  only  to  consider  the  fact  that 
in  a  well-constructed  steam  boiler  1  lb.  of  coal  will 
evaporate  10  lbs.  of  water,  and  to  compare  that  result 
with  the  magnificent  evaporative  effect  of  I  lb.  of  coal 
burnt  in  an  open  kitchen  fire,  to  be  satisfied  that  the 
waste  is  prodigious.  In  the  open  fire  there  is  not  the 
least  attempt  to  confine  the  heat,  nor  to  concentrate  it 
on  the  purposes  to  be  attained.  The  defects  are  quite 
recognised,  and  the  modes  of  remedying  them  are 
within  the  reach  of  every  body,  because  there  are 
plenty  of  kitchen  ranges  constructed  upon  proper 
economical  principles,  «id  yet,  certain  it  is  that  the 
public  do  not  generally  avail  themselves  of  the  oppor- 
tunity of  saving  fuel  by  their  adoption.  Then,  again, 
as  regards  the  waste  of  heat  in  warming  houses,  that 
is  equally  reprehensible.  To  heat  a  room  by  on  open 
fire  is  utterly  wrong  as  a  matter  of  principle ;  you 
cannot  heat  air  by  radient  heat,  because  air  is  trans- 
parent to  heat.  An  ojien  fire  only  heats  the  air  in  a 
room  by  first  heating  the  objects  upon  which  it  ope- 
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rates,  and  thorie  objects  impart  their  heat  again  to  the 
air ;  then,  again,  all  the  air  which  ia  heated  hj 
contact  with  the  fire,  or  the  metal  work  about  the 
grate,  ia  carried  up  the  chimney,  as  are  also  the 
heated  products  of  combustion.  The  result  ia,  that 
the  quantity  of  heat  necessary  to  expend  in  heating  a 
given  cubical  capacity  is  about  five  times  greater  with 
an  open  fire  than  it  is  with  a  proper  stove  placed  out 
in  the  room.  Xt  ia  quite  clear  that  the  proper  mode 
of  heating  air  is  by  bringing  it  in  actual  contact  witli 
the  heated  aur&ce,  and  allowing  the  whole  of  it  to 
escape  into  die  room.  The  only  objecticat  urged 
against  that  mode  of  heating  is  that  iJbe  air  in  the 
room  ia  said  to  get  unwholeBomely  close  and  cypres- 
wve  ;  but  the  only  reason  of  that  is  tliat  the  surface 
of  the  stoves  is  in  general  far  too  nnall,  so  much  that 
it  is  necessary  to  heat  tfaem  to  such  a  degree  as  to 
singe  or  bum  the  floating  particles  of  organic  matter 
in  the  air,  and  so  produce  a  disagreeable  e£9uvium. 
If  that  were  obviated  by  a  larger  surface  at  a  lower 
temperature  it  would  be  quite  practicable  to  have  a 
perfectly  agreeable  heat  with  a  fraction  of  the  quantity 
of  fuel  which  is  now  used.  Then,  again,  heat  would 
be  much  more  economically  applied  in  the  passages  of 
a  house  than  in  the  rooms.  A  heating  apparatus  in 
an  entrance  hall  or  at  the  foot  of  the  stairs  diffuses 
heat  all  through  the  house,  and  renders  very  little 
fire  necessary  in  rocsns.  I  had  f)ccasion  some  years 
ago  to  make  an  inquiry  as  to  the  difierence  in  the 
quantity  of  fuel  required  to  heat  large  buildings,  such 
as  churches  and  schools,  by  means  of  Gill  stores-and 
open  fires,  and  tiie  result  that  I  came  to  was  that 
about  five  times  the  quantity  of  coal  was  burnt  in  an 
open  firo  that  was  required  in  a  Gill  stove.  So  that 
there  is  obviously  very  great  scope  for  economy  in 
the  use  of  coal  for  household  purposes.  No  doubt  as 
the  cost  of  coal  increases  by  becoming  scarcer  the 
public  will  be  more  disposed  to  avail  themselves  of 
the  field  of  improvement  which  exists  in  that  quarter. 
But  even  at  present  I  think  that  there  is  a  tendency 
to  adopt  improved  methods  of  combustion  for  warm- 
ing hooses.  With  regard  to  fire  places,  instead  of 
having  the  grate  sunk  into  the  wall,  as  is  still  generally 
the  case,  it  is  now  often  bronght  a  little  forwai^ 
into  the  room,  so  aa  to  present  a  conmderable  quantity 
of  helped  iron  all  roond  the  stove,  while  at  the  same 
time  the  luxury  of  the  sitting  at  an  open  fire  is 
preserved.  That  strikes  me  as  about  tM  I  can  say 
on  the  Bul^ect  of  household  use  of  coal. 

245.  (Mr.  Hartley.)  You  draw  a  distinction  as  to 
the  mode  of  heating  by  hot  water  or  a  direct  column 
of  heat  ? — I  think  the  best  mode  of  heating  is  by  hot 
water.  The  objection  to  it  is  that  it  involves  a 
much  more  expensive  apparatus  ;  but  the  economies  I 
have  menticmed  cun  be  accomplished  without  any 
considerable  increase  in  the  cost. 

246.  For  example,  by  a  direct  column  of  heated 
air  thrown  into  the  building  ? — Yes. 

247.  {Chairman.)  Particles  of  oi-ganic  matters 
always  get  decomposed  by  the  heat,  or  else  tiiere  is  a 
disagreeable  odour  arising  from  them  ? — Yes. 

248.  (itff*.  €r€dde9,)  Do  you  propose  to  place  a 
stove  in  the  middle  of  the  house  ?— I  am  proponng 
no  definite  plan. 

249.  X  understood  you  to  say  that  if  placed  in  the 
hall  sufficient  heat  might  be  generated  to  warm  the 
whole  house? — I  think  you  might  heat  the  whole 
house  from  the  hall.  Atfdl  events,  you  would  require 
so  small  a  fire  in  each  room  that  the  consumption  of 
fuel  in  the  room  would  be  inconsiderable,  and  the 
chief  heating  would  be  accomplished  from  without. 
If  you  generate  the  heat  at  the  lowest  point  of  the 
huuse  it  will  ''  ..use  itself  over  the  whole  house,  and 
the  passages  will  convey  it  everywhere.  Moreover, 
the  air  bemg  warm  would  come  in  at  the  doors  without 
producing  any  disagreeable  draught. 

250.  {Chairman.)  From  your  esqwrience  at  the 
Elswick  Works,  no  doubt  you  can  give  the  C<»nnuttee 
some  informatitm  with  re^urd  to  ecmunny  in  the  fffo- 
docticm  of  u-on ;  as  those  furnaces  -are  of  recent  «m- 
struction,  you  probably  have  adopted  smne  of  the  most 
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recent  improvements  ? — The  only  recent  imjHTorement       B  21 

which  we  hare  adopted  is  making  the  furnaces  of 

unusual  height.    Of  course  we  utilize  the  gases.  j^maim^. 

251.  (Mr.  Hartley.)   You  are  referring  now  to  — — 
your  blast  furnaces  ? — Yea.  I5th  Apr.  1869. 

252.  (Chairman.)  Does  your  experience  enable 
you  to  say  that  there  has  been  an  increased  economy 
in  the  production  of  iron  from  making  the  furnaces  of 
an  increased  height  ? — Undoubtedly,  up  to  the  limit 
that  we  have  gone  ;  but  we  suspect  that  the  saving 
by  further  increasing  Hie  height  would  be  very  small. 

253.  What  is  the  height  of  the  Elswick  furnaces? 
—75  feet. 

254.  Is  the  width  in  proportion  to  that  height  ?— 
I  think  the  -widtli  is  19  feet,  I  believe  my  partner, 
Capt  Noble,  will  be  able  to  give  some  valuable  in- 
formation up<m  that  subject,  because  lately  he  has 
been  very  carefully  investigating  the  question  of  the 
consumption  of  fuel  in  these  furnaces,  with  a  view  of 
seeing  what  margin  really  remains  for  further  im- 
provement. I  will  endeavour  to  get  Capt.  Noble  lo 
attend  the  next  meeting  of  this  Committee. 

255.  (Mr.  Geddes.)  Do  you  use  coke  or  raw  coal? 
—Coke. 

256.  (Chairman.)  You  utilize  the  gases  from  both 
furnaces  ? — ^Yes,  when  both  are  in  blast. 

257.  Therefiwe,  for  producing  steam  or  hot  air, 
you  use  no  coal  whatever  ? — We  apply  the  gases  to 
both  purposes,  but  we  scarcely  find  tiiem  sufficient. 
If  we  cooled  the  gases  further,  in  order  to  save  fiiel 
in  the  furnace,  they  would  be  less  eflihctive  for  raising 
steam  afterwards. 

258.  Much  has  been  said  recently  upon  the  sub- 
ject of  making  the  air  much  hotter  ;  do  yon  imagine 
that  there  will  be  a  very  much  larger  economy  by  so 
doing  ? — I  should  think  not  a  very  large  one. 

259.  I  ask  that  question  merely  from  a  conversa- 
tion which  I  had  the  other  day  with  Mr.  Charles 
Cochrane  at  the  Midland  Works,  where  he  is  build- 
ing new  furnaces  in  Cleveland,  when  he  told  me  that 
he  felt  satisfied  that  he  should  be  enabled  to  make  a 
ton  of  iron  with  17  cwt.  of  coke,  it  depending  entirely 
upon  the  relation  of  the  height  to  the  width  of  the 
fhmace,  and  the  use  of  the  ab  at  a  very  hi^  tempe- 
rature ? — But  then  that  will  depend  upon  the  kind  oi 
on  you  nse.  Witb  some  ore  yon  can  already  producn 
a  ton  of  iron  with  sfHoething  like  17  cwt.  of  coke. 
You  must  bear  in  mind,  if  yon  increase  the  heat  of  the 
blast  that  you  expend  more  fuel  in  so  doing,  and  wiU 
leave  less  gas  to  spare  fiir  raising  steam  for  the  blast 
engine. 

260.  (Mr.  Foster.)  Would  they  be  able  to  do  that 
with  the  hematite  ore  ? — I  do  not  know  what  the  con- 
sumption of  coke  is  with  the  hematite  ore.  Then, 
with  regard  to  the  consumpticm  of  fuel  for  motive 
power,  3ie  waste  is  in  a  theoretic  point  of  view  pro- 
digious, and  in  a  practical  point  of  view  it  is  also  very 
la^e.  We  do  not  utilize,  in  the  best  steam  engins^ 
much  more  than  -^ih  of  tiie  theoretic  power,  and  in 
common  high-pressnre  steam  engines  we  do  not  utilize 
more  than  about  J^th  part.  Therefore  the  field  for 
improvement  in  Uiat  direction  is  prodigious.  How 
far  it  may  be  practicable  to  carry  improvement  is  a 
different  question.  But,  undoubtedly,  by  substituting 
engines  of  good  construction  for  engines  of  had  con- 
struction you  might  easily  save  50  per  cent,  of  [the 
present  consumption. 

261.  (Chairman.)  Sir  Daniel  Gooch,  in  his  letter, 
mentions  that  the  consumption  of  fuel  in  a  steam  en- 
gine may  be  taken  at  about  8  lbs.  per  horse  power  pel 
hour  ?— Does  he  mean  to  say  that  as  extending  over 
all? 

262.  Extending  over  all.    I  have  received  several 
thousands  of  circulars,  and,  as  far  as  I  can  make  out, 
I  think  that  tlie  fair  average  will  be  about  8  lbs.  per 
horse  power  per  hour.   Have  you  any  experience  - 
upon  that  pcnnt  ? — ^As  a  general  average,  I  should  say 

8  lbs.  would  be  a  fair  estimate ;  but  I  think  that  in 
ordinary  high-pressure  engines  which  are  used  in 
manufactories  the  expenditure  would  generally  be 
10  lbs.  per  horse  poww  per  hour ;  but  then  tiiey  ar« 
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themoHt  waatefol  of  aU.  On  the  other  hand,  they  have 
the  adraitage  of  extreme  simplicity. 

263.  {Mr.  Hartley.)  10  lbs.  on.  Uie  average  quality 
of  coal?— Yes. 

264.  That  is,  you  take  your  steam  coal  in  the 
north  of  England,  probably  ? — Yes  ;  cheap  sleam  coal. 

26o  {Mr. Foster.)  Small  coal? — Unscreened  coal. 
Then  it  must  be  borne  in  mind  that  the  saving  can 
-jily  bo  effected  by  substitutii^  more  expensive  en- 
gines, which  are  not  so  easily  mimaged.  They  would 
oe  liable  to  more  frequent  interruptions  and  repairs, 
and  would  require  more  delicate  attention. 

266.  {Cktdrman.)  What  description  of  boiler  are 
yon  usiug  in  your  own  works  ? — GenwaUy  the  Comifih 
boiler. 

267.  With  two  tubes  ?— A  single  tube. 

268.  Have  you  any  knowledge  or  experience  of 
Galloway's  boiler,  which  has  vertical  tubes  ? — I  think 
■we  have  used  them. 

269.  Have  you  any  knowledge  of  their  economy  ? 
—No,  nothing  definite.  I  think  if  you  have  plenty  of 
heating  surface  there  is  not  much  to. bo  done  in  the 
way  of  improvement  in  that  direction. 

270.  Mr,  Galloway  was  to  furnish  me  witii  .some 
tqtecial  information,  and  also  to  have  sent  some  models 
of  his  boilers  ;  but  as  he  has  not  done  so  I  suppose 
he  has  made  some  mistake  in  the  day.  He  tells  me 
that  the  prices  of  his  boilers,  relatively  to  other  boilers, 
per  horse  power,  are  about  the  same,  but  if  they  are 
taken  as  cegards  sizes  that  they  are  then  much  dearer 
than  the  COTnish  boiler? — Yes. 

271.  Have  you  wy  knowledge  of  Corliss's  Patent 
Revolving  Steam  Engine,  raanu&ctured  by  Hicks  and 
Hargreaves  ? — So  far  as  I  know  it,  it  is  an  raigine 
constructed  up<Ht  sound  eoonomical  principles.  I  do 
not  recognise  the  photograph. 

272.  Are  there  any  other  parts  of  motive  power  or 
metallurgy  in  which  you  can  iudicate  any  probable 
economy  to  be  effected  ? — -As  regards  the  production 
of  power,  I  think,  eventually,  although  the  time  may 
be  distant,  that  the  principle  of  the  caloric  air  engine, 
witli  the  regenerator,  will  to  a  great  extent  supersede 
the  steam  engine.  In  fact,  for  tSU  mana&cturing  pur- 
poses, as  well  as  foe  the  production  of  power,  I  think 
that  the  r^enerative  prindple  is  the  one  that  possessea 
the  greatest  promise.  It  is  in  effect  catching  the  heat, 
which  at  present  is  entirety^lost,  after  it  passes  trough 
the  furnaces,  and  bringing  it  back  in  aid  of  llie  new 
Aiel.  At  present  we  feed  OUT  jnmaces  with  cold  air, 
and  we  dischm-ge  veiy  hot  air.  But  if  we  made  ^his 
waste  hot  air  heat  the  cold  air  whidk  enters  the  iur- 
nace  there  would  be  a  manifest  gain.  It  is  that 
{principle  which  Mr.  Siemens  uses  for  his  iiimace. 
The  principle  of  the  application  of  arrested  heat  when 
applied  to  an  air  engine  instead  of  to  a  steam  engine 
ought,  in  theory,  to  give  an  engine  incomparably  more 
effective  power  than  a  steam  engine,  because  in  the 
»team  engine  we  use  up  an  extremely  small  portion  of 
«he  heat  which  is  imparted  to  the  water  in  the  boiler. 
Heat  and  motive  power  are  interchangeable  terms. 
The  quantity  of  power  realized  is  in  proportion  to  the 
quantity  of  heat  which  disappears.  In  the  steam 
engine  the  quantity  of  heat  that  actually  disappears  is 
very  small ;  in  fiut  it  only  represents  Uie  1-lOth  to 
which  I  T^erred  just  now.  But  in  ^  the  air  engine, 
accompanied  with  tiie  regenerator,  whi<^  would  arrest 
the  heat  that  passed  from  *  the  engine,  and  bring  it 
^ain  into  operation,  making  it  circulate  instead  of 
passing  away,  we  would  avoid  the  chief  sources  of 
waste  in  the  steam  engine.  Then,  in  all  cases  of  apply- 
ing heat  in  manufacturing  processes,  there  is  always 
some  substance  to  be  heated.  The  products  of  com- 
bustion pass  off  at  a  temperature  exceeding  the  tem- 
perature of  that  substance,  because  it  is  only  the 
surplus  heat  of  the  gases  beyond  the  heat  of  the  sub- 
stances in  the  furnace  that  can  be  communicated  at  all. 
Therefore,  if  yon  have  substances  to  be  heated  which 
rise  to  a  very  high  temperature,  as  in  the  case  of  fuT' 
naces  for  heating  iron,  the  air  must  pass  off  at  a  tem- 
peratuiv  at  least  equal  to  tiiat  of  the  body  heated,  and 


if  the  heat  so  carried  off  be  not  recovered  the  waste 
becomes  perfectly  enormous. 

273.  {^Mr.  Viman.)  That  (ia,  the  moment  it  attains 
that  heat  P— Tea  ;  the  heat  is  more  eeonomiadly 
iqifdied  at  the  beginnii^  of  the  process  than  it  is  at 
the  end.  In  Siemens'^an  t^o  hcnt  which  is  usually 
wasted  is  absorbed  by  a  mass  of  brick  work  in  cham- 
bers beneath  the  furnace,  and  the  gaseous  fuel  which 
he  employs,  and  also  the  air  required  for  its  combus- 
tion, are  caused  to  take  up  this  heat  before  they  enter 
the  furnace.  Thus  the  materials  of  combustion  enter 
the  furnace  already  heated  to  a  considerable  tempera- 
ture, and  the  heat  of  their  combustion  is  superadded 
to  that  previously  acquired.  In  theory  it  is  perfect; 
but  hitherto,  as  a  matter  of  practice,  it  has  been  only 
partially  successfuL  There  are  certain  drawbacks. 
We  use  the  system  extensively  at  the  Elawick  wnakst^ 
and  are  disposed  to  extend  it  But  at  the  same  tunc 
we  do  not  recognise  the  full  advantages  claimed  by 
Mr.  Siemens.  One  objecticm  to  it  is  that  the  prodac- 
tion  of  gas  goes  on  whether  we  are  using  the  fiiniace 
or  not.  We  cannot  regulate  the  production  of  gas  to 
meet  the  varying  exigencies  of  the  furnace.  But  this, 
like  other  practical  defects,  will  most  probaUy  be 
surmounted  in  time. 

274.  {Mr.  Dickinson.)  In  taking  the  average  of 
the  number  of  pounds  of  coal  per  horse  power  which 
are  used  in  an  engine,  you  include  tiiose  engines  wtiere 
the  outlet  for  the  exhaust  steam  is  vwy  much  too 
smidl  for  t&e  pistcm? — I  believe  that  in  high-pressure 
engine,  such  as  are  nsnally  used  in  manafiwtories, 
you  will  find  that  the  consumption  ia  on  an  average 
about  10  lbs.  per  hone  poww. 

215.  That  it,  where  the  use  of  an  indicator  i%  per- 
haps, understood  and  praotiBed? — Where  more  thau 
ordinary  attratioa  was  paid  to  the  subject^  I  should 
say  it  is  less ;  it  would  probably  fall  to  about  8  lb.<<. 
Takii^  the  general  run  of  manu&cturing  engines,  I 
think  you  will  find  it  will  come  to  something  liki' 
10  lbs. 

276.  I  employ  indicators  in  a  large  number  of 
engines  in  collieries  where  ventilating  machinery  has 
been  at  work,  and  I  find  that  the  back  pressure 
amounts  to  as  much  as  10  lbs.  per  square  inch  ? — That 
is  a  very  conmion  defect. 

277.  Is  the  indicator  used  in  the  manufactories 
on  the  Tyoe  ?«I  do  not  think  it  is,  very  generally. 

278.  That  is  the  only  means  by  whioh  you  can  at 
present  tell  whether  your  engines  are  workmg  well,  is 
it  not?— Yes. 

279.  {Mr.  Vivian.)  I  do  not  know  whether 
you  have  turned  your  attention  at  all  to  compounil 
engines  of  high  and  low  pressure  ? — I  cannot  say  that 
I  have,  very  much ;  but  I  believe  the  only  objection  to 
them  is  the  increased  cost  and  the  increased  complicn- 
tion.  There  is  no  doubt  you  would  realise  a  great 
saving  by  using  them.  There  are  a  number  of  en- 
gines that  are  incomparably  superior  in  point  of 
economy  to  those  generally  used,  but  the  one  objection 
is  that  they  are  not  cheap  or  simple. 

280.  I  understand  that  in  the  Lancashire  manu- 
&cturing  districts  what  they  call  compound  engine)', 
or  combined  engines,  have  been  within  the  last  few 
years  very  largely  introduced  indeed  ?— No  doubt.  1 
think  there  is  a  growing  tendency  at  the  present  time 
to  introduce  engines  of  a  more  ounplete  character,  with 
tiie  view  to  obtaining  greater  economy  of  fbeL 

281.  {Mr,  Dickinson.)  By  using  the  waste  heat 
for  the  purpose  of  heating  the  water  before  it  goes  into 
the  boiler  ? — That  is  quite  common.  The  principle 
of  expansion  is  almost  entirely  neglected  in  common 
high-pressure  engines.  To  realize  that  advants^e  all 
that  is  needed  is  larger  cylinders,  combined  with  a 
system  of  steam  jacketing,  and  using  proper  cut-off 
valves. 

282.  There  is  this  disadvantage  about  expansion, 
is  there  not,  that  the  steam  assumes  a  jei^y  action  upon 
the  piston  ? — No  ;  I  do  not  think  so. 

283.  It  strikes  the  pistcm  as  it  were  a  heavy  blow 
at  8tai*ting  ? — ^Not  necessarily  so  at  all. 

284.  "^e  steam  most  be  used  nrach  higher  in  that 


Digitized  by 


Google 


ON  WASTjg  IN  COlCBTTSmN. 


236 


case  ? — ^It  onght  to  be  nsed  higher  $  bnt  you  can  get 
considerable  ezpaiuioii  duty  out  of  a  steam  pFesenre  of 
fiOlbs. 

285.  A  preBSore  of  50  lbs.  is  double  what  is  ordi- 
narily used  in  a  low-prrasure  condensing  engine,  is  it 
not  ? — ^Yes  ;  but  I  spoke  of  non-eondemiing  engines. 
With  a  condensing  engine  then  you  can  get  a  capital 
expanrave  action  with  steam  of  25  lbs. 

286.  With  large  valves? — There  are  Tarious  ex- 
pansive valves ;  it  is  a  great  questi<ni  which  is  the 
best. 

287.  {Mr.  ffartltjf.)  We  may  take  your  opini<m 
to  be  general,  that  a  ^reat  saving  in  the  combustion  of 
coal  may  arue  frnn  unproved  machinery  7— Yes,  by 
adopting  engines  of  known  8uperi<»i^. 

288.  That  is  your  (^inicm,  without  g<»ng  into  those 
theoretical  questions  ? — ^Tes.  I  think  at  present  if  the 
manufacturers  understood  their  own  intact  tliat  they 
would  use  more  economical  engines,  notwithstaoding 
certain  drawbat^s  that  they  have.  I  think  I  should 
be  disposed,  in  my  own  works,  in  the  erection  of  Airther 
steam  engines,  to  use  engines  of  a  more  economical 
diaracter.  I  should  be  induced  to  do  so  from  the 
eonsMeration  that  the  cost  of  coal  for  steam  purposes 
it  more  than  double  what  it  was  when  my  works  were 
started  20  years  ago.  The  increase  in  the  cost  of 
coid  is  what  pushes  us  on  in  economical  improve- 
ments. 

289.  Speakii^  generally,  how  much  do  yon  believe 
the  average  run  of  steam  en^es  is  bdov  the  dntr 
which  the  beat  steam  engines  could  attain  to.  in  r^ara 
to  the  consimiption  of  cmd  per  horse  power  ? — At  least 
three  to  one.  We  use  three  times  as  much  coal  as 
woald  be  necessary. 

290.  By  adopting  the  best  known  engines  ? — Yes, 
and  also  by  allowing  more  boiler  power,  for  that  is  a 
very  great  source  of  waste.  In  almost  every  case  the 
boilers  are  overworked.  ThsA  is  also  one  of  the  great 
causes  of  smoke.  With  plenty  of  boiler  power,  smoke 
can  be  prevented  without  any  apparatus  for  tjie  pur- 
pose. 

291.  What  rule  would  you  suggest  for  boiler  power 
per  horse  power  ? — I  have  not  the  figures  in  my 
head. 

292.  The  conmum  rule  I  think  is  to  multiply  the 
lengtii  of  the  boiler  by  the  diameter,  and  to  divide  by- 
six  r— Hie  common  practice  is  to  allow  so  many  feet 
of  heating  surface  per  horse  power.  It  is  a  matter  of 
opinion,  varying  to  a  great  extent  as  to  what  that  scale 
shall  be. 

293.  (Mr.  JBartley.)  It  varies  from  five  feet  to  20 
feet,  does  it  not  ? — ^It  is  generally  far  less  than  it  ought 

to  be. 

294.  (Mr.  Dickinson.)  Have  you  seen  the  result 
of  the  experiments  which  were  made  in  Lancashire  by 
the  Lancashire  and  Cheshire  coal  associati(m  7 — ^No,  I 
have  not. 

295.  It  seems  that  one  extraordinary  result  which 
was  arrived  at  was  that  by  having  the  fire  thick  and 
short  that  gave  very  much  better  results  thui  having 
it  thin ;  have  you  heard  of  tiiat? — I  have  not 

296.  {Mr.  Hartley.)  Those  things  depend  very 
much  on  the  nature  <n  the  fuel  and  the  construction^of 
the  boiler  ? — Yes. 

297.  ( Chairman.)  I  may  state  that  I  visited  "iSan- 
chester  last  week,  and  when  I  was  at  Mr.  Charles 
Galloway's  manuiactory  I  saw  the  process  of  the 
manufacture  of  his  boiler.  Hiey  told  me  that  at  the 
present  time  they  are  the  largest  makers  of  those 
Galloway  boilers  of  any  one  in  England,  and  they 
make  stUl  a  larger  number  of  their  tubes  to  be  applied 
to  the  ordinary  single  or  double  tube  Cornish  boiler^ 
and  that  they  were  sending  out  very  extensive  orders 
to  which  they  were  applicable ;  do  you  use  them  at 
all  ?— I  believe  we  use  them  a  good  deaL  I  do  not 
look  into  these  details  so  much  as  I  used  to  do. 

298.  Mr.  Gtalloway  promised  me  that  to-day  I 
should  have  here  two  models  of  his  boilers  with  those 
vertical  tubes,  and  also  a  description  of  them  ;  but  X 
suppose,  from  the  large  amount  of  his  business,  it 
has  been  forgotten.   He  tella  me,  however,  that  the 


ecooomy  efiected  by  those  boilers  is  about  15  per  B  Sl3 
cent,  in  die  quuitity  of  coaL — As  compared  with  w 
what?  J^iJL. 

299.  As  compared  with  the  ordinary  Cornish 

boiler. — If  you  have  an  ordinary  Cornish  b<^rhuge  IfiUi  Apr,  1889 
enough,  I  do  not  see  how  that  is  possible. 

300.  I  presume  he  takes  a  boiler  of  the  same  size  j 
taking  two  Cornish  boilers  of  the  same  size,  one 
being  fitted  with  the  Galloway  tabe  and  the  other 
without,  the  statement  is  that  by  the  use  of  Gallo- 
way tubes  15  per  cent,  of  the  ftiel  is  saved  ? — If  a 
Coi-nish  boiler  is  overworked,  then  I  could  readily 
admit  that  the  introductim  of  Gidlotniy  tubes  would 
effect  a  saving  of  15  per  cent,  or  more;  but  if  a 
Comish  boiler  is  not  overworked  I  do  not  tliink  it 
would.  To  speak  generally,  I  would  say  that  wi  thout 
going  to  new  inventions  economy  of  fuel  is  !o  be 
effected  by  introducing  expansive  engines,  by  using 
steam  at  a  higher  pressure,  and  by  increa^iinj;  the 
heating  surface  of  the  boilers.  Those  are  three 
principles  which  I  think  we  must  work  upon  in  order 
to  effect  an  economy  of  fiiel  in  engines  of  the  descrip- 
tion already  in  use. 

301.  {Mr.  Hartley.)  I  suppose  you  admit  the 
principle,  that  where  a  water  supply  can  be  obinined 
that  condensing  engines  are  the  most  economicil  ?-^ 
No ;  1  am  not  prepared  to  do  that.  I  thin'.i^  Sir 
Daniel  Gooch  is  a  high  authority,  and  I'  should  be 
disposed  to  concur  with  him  in  what  he  says  in  his 
letter  which  has  been  read,  "  that  good  railway  loco- 
motives** (whidi  of  course  are  non^condensing)  **  do 
not  consume  more  than  3  lbs.  per  horse  powei'  per 
hour." 

302.  {Mr.  Vtvian.)  Can  steam  be  raised  to 
very  high  pressure  with  the  same  consumption  of 
coal  relatively  to  the  horse  power  developed  ?  For 
instance,  if  a  100-horse  power  engine  is  worked  with 
steam  of  120  lbs.,  and  a  lOO-horse  power  steam  e:igine 
is  worked  with  steam  of  10  lbs.,  wonld  the  consumption 
of  coal  in  the  one  be  equal  or  less  than  the  other  ? — 
So  &r  as  the  evaporation  was  concerned  they  Avould 

.  be  substantially  the  same,  but  the  high-pn  ssnre 
steam  would  of  course  admit  of  greater  expansion. 
Tlie  quantity  of  heat  required  to  convert  a  pound  of 
water  into  steam  is  the  same,  wfiat«ver  the  pri  ssure 
of  the  steam  evolved  may  be. 

303.  (Mr.  Dickinson.)  But  it  is  now  ascertained, 
is  it  not,  that  when  you  have  got  stesra  heated  up  td' 
50  lbs.  to  the  square  inch  that  an  additional  10  lbs. 
pressure  is  more  easily  obtained  than  an  additional 
pressure  from  40  lbs.  to  50  lbs. ;  in  fact,  the  higher 
the  pressure  of  steam  the  easier  pressure  is  ob- 
tained by  less  expenditure  of  fuel  ? — It  will  be  obtained 
with  a  less  increase  of  sensible  heat,  but  the  aggregate 
of  latent  sensible  heat  will  be  the  same  vfhatever  the 
pressure  of  the  steam  produced. 

304.  Do  not  those  experiments  which  were  made 
by  Mr.  Fairbairn  at  Manchester  a  few  years  ago  tend 
to  show  the  reverse  of  that  ? — I  do  not  think  so ;  there 
is  more  radiation  with  high  pressure  and  other  small 
differences  }  hut  I  consider  it  established  that  you  can 
convert  a  cubic  foot  of  water  into  steam  at  any 
pressure  with  the  same  quantity  of  heat  and  nearly 
so  with  the  same  quantity  of  fuel.  The  increment 
of  sensible  heat  for  a  given  increase  of  pressure  is 
ceitainly  smaller  at  high  pressure  than  it  is  at  low 
pressure. 

305.  {Chairman.)  Have  you  had  any  experience 
of  Green's  Patent  Fuel  Economizer  for  genei-ating 
steam,  which  appears  to  be  very  largely  applied  at 
Liverpool  and  the  manufactories  of  the  north,  which 
consist  of  tubes  containing  water  placed  in  a  stack 
behind  the  water,  to  be  heated  by  the  waste  heat  from 
fires,  and  not  from  steam  ? — ^I  do  not  call  that  the 
regenerate  jn'inciple,  because  that  is  merely  an  ex- 
tended heated  surface  ? — ^No  doubt  tliat  wonld  tend 
very  much  to  economy.  I  hare  no  experience  of 
that  particular  ariangement. 

306.  {Mr.  Vivian.)  The  same  object  would  be 
attained;  would  it  not,  by  using  the  condensed  water 
of  the  hot  well  in  a  high-pressure  engine  ?— No ; 


H  h  2 


Digitized  by 


Google 


236 


ON  WASTE  IN  COMBUSTION. 


B  24      I  tbink  this  is  more  like  additional  heating  surface. 
w       If  we  cfHild  heat  the  feed  of  the  boiler  as  high  by  the 
jr^g^,^^    waste  steam  as  by  the  waste  heat  firam  the  fire  tiiere 
^'    wonld  be  no  advantage  in  using  this  apparatua  But 
16&  Apr.  1869,  if  we  can  raise  the  water  to  a  higher  temperature  by 
this  arrangement  than  by  the  waste  steam  there  wiU 
be  an  advantage. 

307.  {Chairman.)  I  may  tell  you  that,  indepen- 
aently  of  the  communication  which  I  have  had  from 
Green  and  Sons  themselves,  I  was  led  to  write  to 
them  in  the  first  instance  from  the  circumstance  that 
many  of  the  Manchester  manufacturers,  in  answer 
to  my  inquuies  as  to  the  consumption  of  coal,  have 
told  me  that  since  the  iatroduction  of  Green's  Patent 
Fuel  Economizer  they  have  saved  from  20  to  25  per 
cent,  of  their  fueL^ — liave  no  doubt  that  that  will  be 
chiefly  owing  to  the  &ct  that  all  the  boilers  were 
underpowered,  in  which  case  the  apparatus  is  equiva- 
lent to  eztendinff  the  heating  sur&ce  of  the  boilers. 

308.  {Mr.  Vivian.)  They  were  jwobably  using 
cold  water  ?— Very  likely  that  might  be  so. 

809.  {Mr,  IHckinnm.)  By  using  the  heat  which 
Is  not  hot  enough  for  the  purpcse  of  a  steam  boiler 
this  will  be  used  for  heating  the  water  up  to  the 
temperature  of  212°  by  heat  which  would  be  other- 
wise wasted  7— The  difierence  between  what  you 
could  heat  the  water  to  by  that  arrangement  and 
what  you  could  heat  it  by  the  waste  steam  would  be 
the  advantage  that  you  could  gain. 

310.  {Mr.  Hartley.)  All  the  advantage  of  the 
steam  would  be  obtained  without  the  slightest  di'ag 
upon  the  engine  ? — I  think  so. 

311.  {Mr.  Dickinson.)  Suppose  you  put  20  tubes, 
and  have  each  of  those  tubes  one  inch  in  diameter,  you 
could  get  the  free  use  of  the  surface  ? — The  principle 
of  the  hot  well  does  not  involve  a  drag.  If  people 
misconstmct  their  hot  wells,  so  as  to  involve  a  drag, 
there  is  nothing  iuToiving  the  prind^e. 

312.  {Mr.  Jovian.)  Taking  the  instance  of  a  con- 
densing engine,  and  the  feeing  of  a  boiler  with  the 
condensed  water,  what  tempei-ature  in  ard&c  to  get  a 
good  vacuum  ought  the  ctmdensed  water  to  have  ? — 
About  100^.  The  feed  water  is  very  inadequately 
heated  in  condensing  engines,  and  in  their  case  the 
advantage  of  this  apparatus  would  be  much  greater 
than  our  non-condensing  engines. 

313.  The  other  ecomxniser  wonld  give  a  great  ad- 
vantage  ? — Tes, 

314.  Now  a  table  has  been  furnished  showing  the 
temperatures  at  six  mills  in  which  Green's  Patent 
Fuel  Economiser  has  been  used ;  the  grand  total  in 
the  first  instance  is  266"  to  which  the  water  was 
neated ;  in  the  second  it  is  249^°  ;  in  the  third  it  is 
2681'';  in  the  fourth  254";  in  the  fifth  SSO-S";  and  in 
the  sixdi  264^**  7 — "DioBe  are  boiling  temperatures. 

315.  So  that  in  all  caaes  you  must  regard  the  aft- 
paratuB  as  an  extension  of  boiler  surfiwe  ? — ^Yea. 

.  316,  {Mr.  Elliot.)  In  all  probability  Uiere  was  a 
direct  communication  with  the  boiler  ? — Yes. 

317.  {Captain  Vivian.)  There  is  this  further 
question,  is  there  not,  that  this  fuel  economiser  is 
placed  in  the  general  flue  to  which  all  the  boilers  lead, 
so  that  it  has  the  advantage  of  combining  the  heated 
gases  of  the  whole  of  the  boilers  ? — That  may  be  an 
advantage,  no  doubt;  but  I  should  say  that  if  it  sup- 
plies water  of  boiling  temperature  that  it  mast  be 
r^arded  as  an  extension  of  the  boiler  surface,  snd 
yon  may  use  it  either  in  connexion  with  one  boiler  or 
with  several.  As  a  matter  of  principle,  I  would 
r^ard  it  simply  as  an  extension  of  boiler  surface.  I 
am  not  calling  m  question  its  value  in  the  leaat,  having 
the  impreasion  that  boilers  in  general  we  very  de- 
ficient in  heating  sur&ce.  An  application  of  thi^ 
kind  would  be  highly  advantageous,  because  it  would 
rectify  that  Terj  common  defect. 

318.  {Mr.  Hartley.)  It  is  pretty  much  the  same 
nrinciple,  is  it  not,  to  that  adopted  on  board  the  Gi'eat 
i^astem,  where  there  is  a  tank  for  heating  the  water 
placed  round  the  bottom  of  the  innnels  ? — Yes. 

-  319.  (Mr.  Elliot.)  And  the  heat  goes  into  the 
Vbimne^  ?^Tea. 


320.  {Chairman.)  I  may  take  this  6pportanity  of 
stating,  while  Sir  William  Armstrong  is  beii^  ex- 
amined, that  I  have  made  special  inquiriea  with  regard 
to  the  api^cataonof  hot  air  for  the  purpose  of  wammig 
bmldings. 

Communications  on  warming  Buildings. 

Mr.  Weeks,  of  Chelsea,  has  stated  to  me  verbally, 
and  he  promised  to  send  me  a  communicatiou, 
which  he  has  not  as  yet  sent,  that  he  did  not  think 
that  hot  water  could  be  applied  economically  to  the 
warming  of  buildings  generally,  as  substituting  the 
common  fire.  The  name  of  Mr.  Shakespeare,  of  Bir- 
mingham, has  also  been  mentioned  to  me.  He  has 
retired  from  business,  and  his  works  have  passed  into 
the  hwds  of  Messrs.  Clark  and  Hope.  They  say  that 
hot  ur  cannot  be  applied  with  economy  to  the  heatii^ 
of  hotues,  because  the  necessary  iq^iaratuB  is  too  costly, 
and  unless  a  ventilating  apparatus  is  put  In  at  the 
aame  time  the  result  is  not  good  heating  by  air.  Water 
may  be  used,  but  not  as  a  sulutitute  for  ordinary  fires, 
in  schools,  not  on  account  of  ite  economy,  but  on 
account  of  its  safety,  as  a  means  of  protecting  children 
from  fire.  I  wrote  to  Mr.  Bl^emore,  of  Wednes- 
bury,  and  received  this  reply,  which  I  will  now  read : 

EobL  Hunt,  Esq.  April  10th,  1869. 

Dear  Sir, 

In  reply  to  yours  of  the  5th  instant,  I  am 
much  obliged  to  Mr.  Hsiiloy  (whom  I  presume  is 
J.  Hartley,  Esq.,  of  Wolverhampton,)  for  the  ccmfidence 
he  evidently  has  in  referring  you  to  me  for  infi)rm»- 
tion  on  the  following : — 

*  Mr.  Hartley  informs  me  that  you  can  furnish 
much  information  relative  to  the  a{>plication  of  hot 
water  to  warming  dwelling  houses.' 

I  beg  to  state,  from  tiie  experience  I  have  had  in 
warming  by  hot  water  various  churches,  chapelB, 
Bchool-rooms,  public  buildings,  vineries,  greenhouses, 
factories,  &c.,  that  I  cannot  see  any  reason  why 
the  hot-water  principle  should  not  be  generally  ^- 
plied  to  dwelling  houses  with  advantage,  both  aa 
regards  comfort,  and  economy  in  the.  use  of  coals 
(except  to  small  dwellings)  ;  and  I  think  the  prin- 
ciple of  hot  water  is  capable  of  being  carried  almost  to 
any  extent. 

One  of  the  great  advantages  of  hot  water  is,  that 
it  may  be  carried  by  the  means  of  pipes  to  the  re- 
motest parts  and  recesses  of  the  buildings^  without 
being  checked  in  its  course  by  the  pressure  of  external 
atmosphere,  and  even  after  it  has  been  carried  to  the 
extreme  distance  the  water  still  gives  out  heat  on  its 
return  ;  likewise  it  can  be  carried  up  into  any  chamber 
be  it  ever  so  high,  and  even  down  into  rooms  below 
the  level  of  the  earth. 

I  have  iq^ed  the  hot-water  principle  with  succeBs 
to  buildings  of  four  stories  high,  and  known  of  uo 
principle  equal  to  that  of  hot  water,  if  the  apparatus 
be  judicionsly  arranged ;  and  I  beHeve  that  it  is  the 
most  economical  method  (as  to  fuel)  of  wwmin^  not 
only  dwellings  but  all  public  buildings. 

The  advantage  of  continual  warmth  in  a  dwelling 
house  is  not  so  much  its  height  of  temperature,  but  the 
continual  dryness  of  the  walls,  also  of  the  furniture 
and  contents  of  the  wardi-obes,  c(Hisequently  much 
illness  would  be  prevented. 

As  regards  small  dwellings,  I  cannot  see  how  the 
hot-water  principle  of  warming  can  be  applied,  under 
the  present  arrangement  of  the  small  houses,  as  each 
tenement  would  still  require  one  fire  for  cooking  pur- 
poses, and  f(»-  light  instead  of  candles. 

1  have  had  something  to  do  with  hot  air,  and  have 
always  found  much  nnpleaauitneas  from  the  air  being 
over  heated,  and  even  the  woodwork  near  to  the  en- 
trance of  the  hot  ur  into  buildings  much  discoloured 
and  scorched,  and  the  people  at  the  other  end  of  the 
building  complain  of  cold  draughts,  caused  by  the 
hot  air  ascending  at  one  end  to  the  top  space  of  the 
room,  afterTvards  descending  in  a  condensed  state, 
and  working  ite  way  amongst  the  pe(^de  to  the  mouth 
of  the  flue  tw  re-heating. 
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For  lai^  buildings  tihe  hot-air  {Hrinciple  is  an 
economy  over  grates  and  stoves  fixed  and  e:q>08ed  in 
rooms  ;  but  my  opinion  is  that  hot  air  will  never 
be  generally  applied  for  warming  dwelling  bouses  with 
comfort  and  economy,  and  more  especially  to  the 
lower  class  of  houses. 

I  consider  the  general  application  of  warming  with 
hot  water  would  be  attended  with  great  economy  in 
the  use  of  coals. 

Should  you  require  any  further  information  that 
is  in  my  power  to  give  I  shall  be  most  happy  to  supply 
it 

I  am,  &c. 

£.  Blakehore. 

I  examine,  in  Birmingham,  the  establishment  of 
Messrs.  Breedon  and  Booth,  who  are  lamp  makers, 
where  1800  feet  piping  with  the  hot-water  appa- 
ratus had  been  put  in  at  an  expense  of  200/.  It  costs 
them  2s.  per  day  for  warming  their  estabUshment.  They 
are  using  the  thick  coal  of  Staffordshire.  I  found 
Mr.  William  Walters,  who  went  over  the  establish- 
ment with  me,  a  very  intelligent  and  practical  man  ; 
and  I  submitted  to  him  afterwai-ds  a  series  of  ques- 
tions, which  I  will  read,  togeUier  with  his  replies  to 
them. 

Tke  Chairman  then  read  thefollmoing  paper. 

Questions  submitted  to  Mr.  Walters,  30th  March  1869. 

1.  In  your  opinion  ia  it  practicable  to  ai^ly  hot  water 
to  heating  ordinary  dwelling  houses  with  economy  ? — 
Yea. 

2.  Would  not  the  expense  of  the  boiler  and  pipes 
f<w  so  warming  a  small  house  be  a  strong  objection  to 
the  use  of  hot  water  ? — ^Yes. 

3.  To  what  size  house  would  yon  think  of  applying 
your  hot-water  system  with  real  economy  ? — To 
houaea  with  entrance  hall,  dining  and  drawing  room, 
and  about  six  or  eight  chambers,  &c 

4.  State  the  coat  of  putting  in  hot-water  apparatus 
to  dwelling  houses,  beginning  with  the  smallest  to 
which  you  would  apply  it — So  much  depends  upon 
the  taste  of  the  owner  and  the  manner  of  arranging 
the  pipes,  whether  simply  carried  behiad  skirtings, 
&e.,  or  coiled  and  cased,  that  it  would  be  difBcult  to 
^ve  an  idea.  We  have  wanned  the  ground  floor,  en- 
trance hall,  and  sturcase  <^  dwelling  houses  at  a  price 
varying  from  30A  to  180/. 

5.  In  any  compound  system  of  dwellings,  or  a  series 
of  houses  for  the  poorer  classes,  would  you  use  one 
boiler  for  the  whole  or  a  separate  boiler  for  each 
house  of  the  system  ? — If  the  construction  of  the 
building  would  allow  of  conveniently  carrying  the 
pipes,  we  should  prefer  fixing  one  boiler  to  heat 
about  100  rooms. 

6.  Could  you  by  your  system  secure  a  convenient 
aiTaugement  for  all  the  ordinary  necessities  of  a  small 
family,  especially  for  roasting  and  boiling  meat,  baking 
pies  or  bread,  without  the  addition  of  an  ordinary 
fire  ? — We  could  not 

7.  Referring  to  question  4,  say  what  would  be  the 
cost  per  day  for  warming  ordinary  dwelling  houses, 
either  warmed  as  separate  buildings  -or  as  one  of  a 
system  of  dweUmgs.— It  not  being  usual  for  private 
persona  to  keep  separate  accounts  of  wanning,  we  beg 
to  refer  you  to  question  8. 

8.  Regarding  your  arrangements  at  Messrs.  Breedon 
and  Booth's  as'satisfactory,  state  the  cost  of  the  1800 
feet  of  pipe,  the  boiler,  and  of  fixing  the  same  ;  the 
cost  per  day  for  warming  those  shops. — In  the  case 
quoted,  the  work  being  for  office,  workshops,  &c.,  the 
work  is  very  plain,  the  cost  of  apparatus,  &c.  being 
about  200/.J  exdusive  of  brickwork.  Messrs.  Breedon 
and  Booth,  engineers,  inform  me  to-day  that  the  con- 

■  snmption  of  fuel  is  about  one  ton  of  i-ough  slack  per 
week,  which  cost,  in  Binningham,  not  more  than 
7<.  6d.  per  ton  delivetred* 


9.  Give  some  exunple  of  the  reqairemrats  for  B  26 
warming  a  large  building,  say  a  church,  and  the  cost  ^ 
of  doing  it — The  latest  exunple  we  can  give  is  Amstnmg. 

St.  Matdiew's  church,  Walsall,  a  large  church,  seating   

about  1700  people.  We  have  efficiently  warmed  this  15thApr.l869. 
church  by  carrying  a  series  of  pipes  in  channels 

under  aisles  and  coils  in  lobbies  and  chancel,  the  whole 
of  the  pipe  covered  with  oraamental  gratings,  the 
coils  with  bronzed  oraamental  casings,  with  marble 
tops,  for  202/. ;  this  is  also  exclusive  of  builder^ 
work. 

10.  In  your  opinion  can  you  by  hot-water  wanning 
make  a  room,  under  all  the  drcumstances  of  ventila- 
tion, &c.,  as  comfortable  as  when  warmed  by  an  open 
fire  and  ventilated  by  the  chimney  ? — More  so. 

11.  Take  two  or  three  examples  of  the  application 
of  your  system  of  warming,  and  state,  with  reference 
to  them,  the  difference  in  the  cost  between  the  hot- 
water  system  and  the  open  fire-place  or  stove  ? — The 
first  cost  of  stoves  or  open  fire-grate  would  be  less, 
but  supposing  a  fire  to  be  requured  in  every  room, 
under  ordinary  circnmstuices,  let  the  cost  of  hot- 
water  apparatas  be  what  it  may,  we  consider  the 
saving  in  fbel  would  in  time  cover  the  diffironoe  in 
cost 

{The  Witneu.)  With  req>ect  to  the  former  oom- 
munlcation  that  you  read,  I  should  not  be  disposed  to 
allow  to  pass  unquestioned  the  statement  that  rooms 
could  not  be  satisfactorily  warmed  by  heated  air.  I 
draw  attention  to  the  fact  that  heated  air  is  what  we 
must  arrive  at  by  some  means  or  other.  It  is  only  a 
question  of  how  to  produce  that  heated  air ;  whether 
you  produce  it  by  hot-water  pipes  or  in  any  other 
way,  heated  air  is  the  thing  that  we  want ;  therefore 
it  ia  absunl  to  say  that  a  room  cannot  be  properly 
wurmed  by  heated  air. 

321.  {Mr.  ffusseyVivian.)  Do  you  not  imagine  that 
the  meaning  that  they  attach  to  hot  air  is  the 
blowing  in  of  hot  air? — ^Then  it  is  verj  vaguely 
expressed. 

322.  (iWr,  Dickinson.)  The  passing  of  hot  air 
tlirough  pipes  ? — Then  you  come  to  an  objection  which 
I  have  pointed  out,  that  you  would  have  the  surfi&ce 
so  highly  heated  as  to  produce  a  very  offensive  atmo- 
sphere. I  know  as  a  fact  that  you  oan  warm  rooms  in 
perfect  comfort  by  air  heated  in  contact  with  stoves  of 
pn^r  size.  Substitute  a  stove  for  a  common  grate, 
and  let  it  prefect  a  foot  or  two  into  the  room,  and  have 
an  open  fire  at  the  outvnud  end,  and  you  will  have  all 
the  present  conditions  of  an  open  fire  and  ventilation, 
combined  with  great  economy  of  fuel.  Nothing  can 
be  simpler  and  more  obvious  than  that  is. 

323.  {Chairman.)  Then  we  will  look  forward  to  the 
future,  when  wo  shall  effect  cither  by  hot  water  or  hot 
air  a  very  great  economy  in  the  consumption  of  coal 
for  domestic  purposes? — Hot  water  is  only  the  means 
of  producing  hot  air.  If,  instead  of  heating  the  air  by 
the  radiation  from  a  fire  sunk  into  a  wall,  you  heat  it 
by  contact  with  hut-water  pipes,  or  plates  heated 
otherwise  than  by  hot  water,  no  doubt  great  economy 
will  be  effected. 

324.  {Mr.  Elliott.)  What  you  mean  is,  that  instead 
of  permitting  the  heat  to  go  up  the  chimney,  if  you 
arrest  it  by  hot-water  pipes,  or  diffuse  it  through  the 
building  by  any  other  process,  that  you  eiFect  a 
saving  ? — Not  oidy  does  the  heat  of  the  fire  go  up  the 
chimney,  but  all  the  air  that  is  heated  by  contact  with 
the  fire  goes  up  the  chimney  also. 

325.  It  is  the  warmest  (ur  that  always  goes  up  the 
chimney  first  ?— The  air  that  is  heated  round  about 
the  fire  goes  up  the  chimney. 

326.  {Mr.  Dickinson.)  Do  not  water  companies  im- 
pose some  restrictions  as  regards  the  use  of  iron 
pipes  ? — No,  I  think  not. 

327.  I  think  at  present  all  the  hot-water  pipes 
which  are  used  with  boilers  in  connection  with  tho 
water  Cfnnpanies  are  made  of  lead,  are  they  not  ?— .Th^ 
water  companies  have  nothing  to  do  with  that 

tS 
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Sir  W. 


^  2^  COHMDMCAmOITS  ON  THE  ECOMOHT  OF  COAL, 

The  Chairman  stated  that  on  one  occasion  he  at- 
tended at  Mr.  Hartley's  works  at  WoWerhampton, 
16tbA|ff.18€9.  where  he  met  Mr.  Henry  Mwlin  at  the  Park  Field 
Iron  Works,  when  it  was  determined  that  it  would  be 
Ihe  wisest  course  to  ask  Mr.  Martin  to  favour  the 
Commission  with  his  ideas,  fi*om  his  iM^e  experience 
as  to  the  economy  that  was  being  carried  out  in  that 
distinct. — will  now  read  his  iwmmiinication. 

Dear  Sir, 

Pursuant  to  your  inquuy  as  to  whether,  in 
my  opinion,  any  economy  has  been  effected  in  regard 
to  the  consumption  of  fuel  in  blast  furnaces  in  tlm 
district  during  the  past  10  years,  I  may  reply,  up<Mi 
the  whole, in  the  affirmative. 

Econsaay  of  fuel  has  been  effected  by  the  introduc- 
tion of  superior  blowing  machinery,  by  diminished 
loss  by  leakage  and  friction,  and  by  more  perfect 
heating  stoves,  whereby  the  temperature  of  the  blast 
has,  on  the  average,  been  raised  many  degrees,  and, 
lastly,  by  the  utilization  of  the  waste  gases.  Where 
these  -  various  improvements  have  been  adopted  the 
anving,  as  compared  with  10  years  since,  may  be 
taken  at  about  5  cwt.  of  coal  and  15  cwt.  of  slack  or 
fine  coal  in  the  ton  of  iron  produced.  The  perfection 
of  the  mechanical  arrangements,  as  comiwred  with 
10  years  since,  has  also  enabled  the  blast-famace 
proprietor  to  smelt  with  fuels  and  to  reduce  materials 
of  a  quahty  almost  ignored  prior  to  that  period  and 
this  represents  a  saving  to  the  country  equal  to  the 
total  value  of  those  fuels  and  materials  so  utilized. 

With  regard  to  your  inquiry  as  to  whether  during 
the  past  decade  there  has  been  any  improvement  or 
otherwise  in  the  quality  of  the  pig  iron  produced,  I 
believe  I  am  justified  in  stating  tlutt  there  has  been 
an  improvement  in  quality  where  materials  are  being 
smelted  similar  to  what  were  being  used  10  years 
since,  the  improvement  cwsisting  in  much  greater 
regularity  and  uniformity  in  the  pig  iron  produced 
than  formerly,  which  is  of  material  t^vantage  4o  the 
consumer  ;  and  the  iron  produced  from  the  materials 
previously  ignored  is  of  a  very  useful  character,  and 
largely  available  for  mixtures. 

The  remaining  point  which  you  submitted  to  my 
consideration  is  as  to  whether  there  is  any  probability 
of  farther  economy  in  the  consumption  of  fuel  in 
blast  furnaces  during  the  next  10  years.  I  hold,  in 
regard  to  this  question,  a  very  decided  opinion  that 
there  is,  and  that  the  following  will  represent  to  somo 
extent  the  dii-ection  in  which  such  economies  will 
develop. 

1st.  In  nusing  still  farther  tile  temperatare  of  the 
blast  entering 'the  famace.  In  South  StafffHrdahire 
hitherto  wo  have  been  generally  content  with  a  tem- 
perature which  melts  lead  Areely.  In  the  North  of 
England  tbcy  have  raised  the  temperature  in  several 
coses  so  as  readily  to  melt  zinc  ;  and  in  some  cases, 
by  means  of  stoves  compossd  of  fire-brick  instead  of 
cast-iron  pipes,  the  blast  has  been  made  red  hot  prior 
to  its  entering  the  furnace,  with  a  ccaresponding 
I'cduction  in  the  consumption  of  fuel  per  ton  on  the 
iron  made,  and  with  an  improvement  in  the  quality, 
from  identical  materials,  with  each  accession  of  tem- 
perature. 

It  would  appear,  therefore,  not  unreasonable  to 
presume  that  the  same  results  will  obtain  from  ad<^- 
tion  of  the  same  means  in  Staffordshire. 

2nd,  I  am  also  of  opinion  that  increased  economy 
of  fuel  consumed  in  the  production  of  pig-iiou  will 
result  from  the  adoption  of  furnaces  of  increased 
height  and  of  larger  internal  capacity,  I  subxait  this 
opinion,  however,  with  some  diffidence,  as  there 
appears  still  to  be  a  very  strong  feeling  amongst 
some  of  the  most  intelligent  and  practical  smelters  in 
this  locality  that  the  limit  of  height  and  capacity  for 
fu?l  of  the  description  at  command  in  South  Stanbrd- 
shire  has  already  been  reached,  I  do  not  share  in 
that  feeling,  and  shall  certainty  give  practical  effbet 
to  my  omi  views  on  this  question  whenever  oocasi<m 


serves  ;  £ot  if  fiimaoes  «aa  be  boili  in  Sontii  Staffivd- 
shire,  in  which  the  consumption  of  fuel  shall  be 
reduced  by  a  further  quaniitT^  of  10  or  15  cwt.  per  ton 
of  iron  {nodaoed,  and  the  weekly  output  per  fumaoe 
assimilated  to  that  of  the  northern  district^  so  as  to 
reduce  common  charges  to  a  minimam,  it  will  re- 
establish the  position  of  SouUi  Staffordshire  as  a 
highly  i-emunerative  pig-iron  producing  centre,  and 
that  for  a  long  period  to  come,  as  the  unexhausted 
fuel  is  still  very  considerable,  and  the  beds  of  iron- 
stone under  command  at  small  cost  in  Northampton- 
shire and  Oxfordshire  practically  inexhaustible. 

3rd.  I  also  anticipate  that  a  saving  will  be  realized 
by  the  partial  use  of  fuel  of  a  mu^  less  expensive 
character  than  that  now  geoierally  considered  neces- 
sary for  smelting  purposes  ;  namely,  slaok  (clean- 
rtddled),  previously  wasted  in  raising  the  steam  for 
the  blowing  engines  and  heating  the  stoves.  In  some 
cases  this  is  already  so  utilized  with  advwtage  ;  and 
although  this  economy  will  not  be  of  any  very 
lax^e  extent,  yet  it  is  one  well  worth  notice.  And  it 
is  further  my  opinion  that  this  source  of  saving  will 
develop  economical  results  much  more  tangible  in  the 
larger  furnaces  than  in  those  of  the  oomparativety 
small  type  existing. 

It  is  not  at  oU  improbable  that  I  may  have  failed 
to  previse  sources  of  economy  which  may  unexpec- 
tedly develop  themselves  in  this  district,  and  which 
within  the  next  10  years  may  produce  astonishing 
results.  I  have  merely  indicated  those  which  pre- 
sent themselves  as  in  course  of  application,  or  which 
are  freely  discussed  amongst  those  concerned  in  this 
branch  of  industry  in  this  locality.  But  competition 
is  now  so  keen  that  I  have  now  no  doubt  but  that 
the  proprietora  of  blast  furnaces  in  South  Staffi>Fd- 
shire  will  strain  every  nerve  to  effect  the  utmost 
economy  of  fuel  in  their  various  estabUshments,  as 
their  doing  so  is  a  question  of  existence  or  non-exis* 
tence;  and  they  are  not  a  class  of  men  to  allow  plants 
upon  which  from  one  to  two  millions  of  money  have 
been  expended  to  be  sacrificed  without  giving  every 
economical  project  a  fair  trial;  and,  with  this  deter- 
mination widely  operating,  I  have  no  fear  of  tiie 
incidence  of  any  such  catastrophe. 

I  am,  &c 
.^NBT  John  Mabten. 

I  may  state  that  I  have  subsequently  seen  Mr. 
Charles  Cochrane,  another  of  the  South  Staflbrdshire 
ironmasters,  who  egresses  his  opinion  that  we  must 
not  look  for  any  large  economy  in  South  Staflbrdshire^ 
seeing  that  the  elements  of  production  are  so  near 
their  exhaustion,  that  i^  in  the  pij^-inm  producing 
district  I  am  now  merely  mentioning  that  which  I 
am  permitted  to  use  in  his  name.  He  believes  that 
with  regard  to  the  South  Staffordshire  furnaces  the 
limits  of  size  have  been  reached,  and  that  no  economy 
would  be  effected  by  increasing  the  size.  Mr.  Martin 
expresses  his  opinion  that  economy  might  be  effected 
by  increasing  the  size.  Mr.  Cochrane  drew  attention 
to  the  fact  that  the  material  employed  in  the  Cleveland 
district,  such  as  ironstone,  coke,  and  so  on,  admitted 
of  the  employment  of  much  higher  furnaces.  Fur- 
naces 100  feet  in  height  are  built  at  Ferry  Hill.  'Mr. 
Cochrane  is  building  two  there  also  of  the  same  height, 
andof  comparatively  large  dimensions  ;  but  he  believes 
that  he  should  be  enabl^  to  do  that  advantageously 
in  the  Nortii,  and  perhaps  realize  his  hope  of  producing 
a  ton  of  iron  with  17  cwt.  of  coke  $  whereas  that  was 
not  practicable,  in  his  opinion,  in  the  South  Staffing- 
shire  district. 

Mr.  Walter  WUliams,  the  Chairman  of  the  Iron- 
masters' Association,  expresses  an  opinion  that  a  large 
economy  will  be  effected  in  future  in  the  making  of 
iron  in  South  Staffordshire.  There  is  no  objection  to 
introducing  the  new  process  in  South  StiiTordBhire 
beyond  that  which  arises  from  the  expense  of  putting 
in  new  plant,  and  the  destruction  of  the  old  plank 
He,  indeed,  supposes,  that  to  the  extent  of  SO  per  cent, 
or  more  we  may  eventually  lode  for  an  ecoDtnny  of 
coal  in  the  Soath  StaffordsUuw  ironworks ;  but  be  ia 
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Tfioy  faTOinaUy  diqiosed  to  the  iDtirp4aeiicia  of  Sio- 
mens'  procesa. 

Mr.  William  Matthews  e^ressod  a  somewhat 
similar  opiniotu 

Mj  atteDtioD  was  drawn  to  some  arrangements 
whidi  were  made  at  the  HawDe  Colliery^  belonging  to 
the  New  British  Iron  Company,  by  Mr.  Homfray,  in 
the  process  of  separating  the  bats  froifi  the  coal,  and 
also  in  coking  the  waste  coal  of  South  Staffordshire, 
which  has  not  hitherto  been  done.  I  visited  the 
place,  and  saw  all  his  arrangements  for  separating 
and  cleamng  the  coaL  I  also  saw  the  whole  of  the 
process  for  coking  the  waste  coal  of  the  South  Staf- 
fordshire district.  With  regard  to  the  coking  process, 
althoogh  he  most  liberallj  explained  the  whole  of  it 
to  me,  I  am  not  at  the  present  moment  at  liberty  to 
explahi  what  he  stated  ;  bat,  certainly,  he  produces  a 
vexy  capital  coke  from  the  waste  coal  of  the  tbick 
coal  measure  of  South  Staffordshire.  The  only  thing 
to  be  determined  was  the  cost  of  doing  it,  as  to  which 
I  entertain  some  apprehensions.  But  I  will  read  his 
communication  tr^ 

Dear  Sir, — I  cannot  better  explain  the  working  of 
my  coal  separator  than  as  it  is  set  foith  in  my  specifi'- 
cation,  which  I  enclose.  At  the  same  time,  I  should 
like  to  bring  under  your  notice  some  of  the  results 
obtained.  This  I  do  with  more  confidence  now  that 
you  have  seen  it  at  work. 

At  the  New  Hawne  Colliery,  the  property  of  the 
^ew  British  Inm  Company^  (to  whose  enterprise  I 
am  very  much  indebted  for  my  success,)  I  erected  my 
experimental  machine.  Here  the  best  appliances 
known  were  already  in  use  for  separating  coal,  so  that 
only  the  very  refiise,  that  would  otherwise  bare  been 
thrown  down  the  mound,  was  given  me  to  operate  on. 

Having  had  an  account  kept  of  the  working  day  by 
day,  I  find  that  Srom  any  ten  dozen  tubs  (froia  10  to 
15  Gwt.  per  tub)  I  get  34  tons  more  fiieJ,  perfectly 
.dean,  none  o£  it  less  than  one-fourth  of  an  inch  in  sise, 
than  could  have  been  obtained  by  the  old  process  of 
picking. 

I  employ  four  labourers  less  than  under  the  old 
^stem.  Although  made  out  of  such  old  lumber  as 
was  at  hand,  this  machine  has  separated  the  coaX  firon 
240  tubs     refuse  in  one  day. 

My  machinery  is  very  inexpensive  and  durable, 
and  can  be  worked  either  with  or  without  water. 

One  novel  feature  of  the  use  of  hydranlic  water 
power  is  that  it  separates  adhering  pieces  of  bat  from 
coal  with  incredible  rapidity,  running  the  former  to 
waste,  and  the  latter  into  a  wa^on,  without  touching 
it  except  with  water. 

.  Filtering  beds  are  formed  with  die  bats  or  bad 
cods,  &c.  without  additional  labour,  though,  after  being 


washed,-  they  do  very  well  to  bum  ironstone.  The  B  27 
waste  heap  qr  mound  does  not  increase  bo  much  by  75  „.  „,. 
per  cent,  as  under  the  old  system.  Ar^trona 

I  have  also  accomplished  the  coking  of  oven   

caking,  or  iree  coal  slack  of  the  worst  quality,  washed  ISthApr.  1869. 

by  my  Hcpaiator ;  but  as  I  have  not  as  yet  obtained 

my  patent  1  should  not  like  the  process  to  become 

generally  known.    I  may  state,  however,  that  it  is 

dono  without  the  admixture  of  bitumen  or  cai'bun  in 

any  form,  and  will  eventiudly  be  made  at  a  very  low 

cost. 

The  coke  is  purer  and  more  dense  than  any  coke 
I  am  acquainted  with,  and  the  waste  very  little. 

Further  I  cannot  state,  hut  should  the  Honourable 
Coal  Oommission  wish  to  have  the  process  examined 
there  can  be  no  objection. 

I  think  there  can  be  no  donbt  of  the  importance 
of  Hie  matter,  as  by  this  the  whole  of  the  waste  coal 
in  the  world  can  be  made  into  coke,  better  by  far  for 
metallurgical  purposes  than  any  now  made  irom 
caking  coal. 

I  am,&c. 

Alfred  Homprat. 

The  pixwess  of  separating  the  bats  certainly  rather 
took  me  by  surprise.  I  had  neyer  seen  anything  like 
it  before.  The  way  in  which  it  answered  its  purpose 
is  rather  remarkable.  There  is  a  very  long  series  of 
inclined  planes  with  interruptions  of  continuity  at 
several  points.  The  tub  of  stuff  is  put  in  at  the  head, 
and  the  slight  difference  in  the  specific  gravity  of  the 
shale  and  coal  is  sufficient  to  alter  the  momentum  of 
the  two,  so  that  the  coal  stops  on  the  inclined  planes 
but  the  bats  fall  through  the  openings.  }$y  that 
means  there  is  a  separation  at  once,  and  in  that 
way  a  very  considerable  amount  of  cleuniug  is 
effected.  Mr.  Homfray  having  been  among  the  hy- 
draulic mines  in  California,  and  seen  them  washing 
the  gold  deposits  1^  the  force  of  water  projecting 
against  them,  has  made  an  urangement  for  washing 
those  bats  after  thOT  have  been  thus  cleaned.  He 
has  a  water  area  of  70  or  80  feet,  with  which  he 
can  command  a  tolerably  high  force  by  means  of  a 
hose.  The  curious  part  of  this  application  is  the  way 
in  which  the  coal  separates  itself  from  the  shale,  and 
is  thus  very  satisfectorily  worked.  He  appeans  to  be 
really  producing  a  result  with  which  the  New  British 
Iron  Company  are  clearly  satisfied,  because  they  have 
given  him  tSOCtf.  for  the  use  of  his  patent  for  cleaning. 
Experiments  are  now  being  made  on  coking  the  South 
Staffordshire  slack  on  a  somewhat  small  scale,  and 
the  only  objection  was  that  the  coke  so  produced 
was  in  very  small  sixes  ;  but  it  was  very  hard  and  of 
a  good  qnaiity.  There  was  no  bitumen  mixed  with  it. 
The  dry  slaoc  of  the  district  was  taken  as  he  foand 
it,  and  treated  by  this  particular  process. 


Mb.  Thomas  Russell  Crakptoh,  13,  Great  George  Street,  Westminster,  examined. 


329.  {Chairman.)  Will  you  kindly  describe  to  ua 
the  process  or  mode  which  you  adopt  with  regard  to 
burning  small  coal  ? — The  ordinary  condition  of  burn- 
ing fuel  is  the  evolving  of,  first,  the  faydrc^n,  leavii^ 
the  carbon  (without  going  into  any  great  technicality), 
which  is  the  cok^  after  the  hydrogen  is  evolved  (the 
commm  gas  that  we  use),  and  mix  it  intimately  with 
a  given  quantity  of  atmospheric  air.  Combustion  takes 
place  immediately.  But  all  these  elements  require 
time.  To  obtain  perfect  combustion  those  gases  must 
be  intimately  mixed.  The  ordiniuy  process  of  burn- 
ing i^el  is  to  evolve  the  gases  fi-om  the  coal  on 
the  grate,  the  air  passing  the  bars  taking  their  chance 
of  being  mixed  after  they  ai-e  evolved.  The  pi-o- 
cess,  by  the  nature  of  it,  is  uncertain  and  irregular. 
You  cannot  in  feeding  a  fire  arrange  the  interstices 
of  the  fael  perfectly  evenly.  You  cannot  have  the 
bars  regularly  covered,    llie  result  is  that,  with  a 

fiven  vacuimi  in  the  chamber,  gases  are  evolved  at 
ifferent  rates,  since  the  interstices  in  the  fuel  vary 
considerably.     You  have   sometimes  air  pasnng 


Mr.  T.  B. 

.        .   ,        ,  Crampton. 

through  the  interstices  unconsumed,  and  in  other  , 
places  not  sufficient ;  consequently  gases  are  evolved,  15th  Apr.  1869. 
and  smoke  is  made  for  want  of  air.  The  result  is 
smoke  in  some  cases,  and  in  other  cases  you  have  free 
oxygen  entering  the  utilising  chamber,  injuring  the 
iron,  if  you  are  heating  or  welding,  besides  causing 
a  ^raste  of  fuel.  It  is  generally  admitted  that  double 
the  air  required  for  perfect  combustion  enters  the 
furnace  when  burning  coal  in  the  ordinary  manner. 
Having  explained  that,  I  will  endeavour  to  show 
what  18  the  result  with  gas  furnaces,  siw  with 
Siemens'  process  which  is  nearly  perfect.  With  his 
regenerator  and  gas  producer  you  have  everything 
which  can  be  desired  in  the  shape  of  obtaining  perfect 
combustion  and  heat.  It  becomes  a  question  whether 
it  will  answer  the  purposes  of  the  ordinary  manufac- 
turer, they  generally  ha  ring  little  capital  to  spare  for 
the  necessary  outlay.  There  is  no  question,  if  you  em- 
ploy that  process,  an  i  have  capital  at  your  disposal, 
that  it  is  better  than  any  other  scheme  for  producing 
highpclasa  work,  tbMt  any  with  irtiich  I  am  aoqnainted  t 
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B  28  la  fact,  there  are  cases  where  I  should  use  his  sTstem 
Mr.  T.  B.  *t  almost  any  cost.  In  Siemens'  plan  he  first  evolves 
OoMptoK.     all  the  gases  from  the  coal  in  a  separate  chamber,  and' 

  passes  them  through  regenerators  intensely  heated. 

ISthA^.  1869.  The  air  is  also  heated,  hoth  are  breast  together  in 
regulated  quantities,  producing  a  clean  and  intense 
heat  The  combustion  is  exceedingly  quick,  but  the 
gases  require  time  to  mix  with  the  air ;  there- 
fore they  should  be  brought  together  before  touching 
the  work  to  be  operated  upon.  The  nearest  approach 
to  this  is  to  make  a  me(;hanical  gas.  If  you  take 
fuel  and  reduce  it  to  on  impalpable  powder,  such 
as  we  can  imagine  soot  to  be,  and  mix  that  with  air, 
and  place  it  in  a  given  amount  of  hent  in  a  small 
chamber,  the  gases  will  be  evolved  and  consumed  very 
nearly  as  rapidly  as  gas  is.  But  it  would  take  more 
time  than  gas,  since  you  have  to  make  the  gas  and 
then  mix  it  with  air  and  consume  it ;  therefore  it  should 
enter  the  furnace  a  greater  distance  from  the  work 
than  gas,  or  be  checked  in  its  course.  All  particles 
of  coal  laigw  than  the  impalpable  powder  will  neces- 
sarily require  time  for  consuming  them  accm^ing  to 
their  size.  If  you  were  to  take  a  cubic  foot  of  solid 
coal  and  put  it  into  a  furnace,  and  float  it,  if  it  were 
possible  to  do  so,  through  Uie  heated  chamber,  with 
air  in  contact,  for  a  mile,  it  would  not  be  consumed; 
even  a  particle  no  larger  than  a  pin's  head  would  not 
be  all  consumed  within  the  limits  of  an  ordinary  fur- 
nace. Therefore,  in  oi-der  to  know  what  fineness, 
commercially  speaking,  the  cool  must  be  reduced, 
I  instituted  a  series  of  experiments  to  ascertain  the 
time  that  would  be  required  to  obtain  perfect  com- 
bustion with  given  sized  particles.  I  ground  many 
qualities  of  cosA,  and  sifted  them  into  various  sizes  for 
the  purpose,  and  came  to  this  conclusion,  always 
bearing  in  mind  that  you  must  not  expend  upon 
the  slack  coal  a  greater  sum  in  reducing  it  tiiaji 
the  cost  between  it  and  large  coal,  that  is  to  say, 
supposing  yon  desire  to  make  it  equal  in  cost  to 
the  large  coal.  But  there  are  other  considerations, 
which  it  is  not  necessary  to  take  your  time  up  with 
now,  which  indicate  that  even  lai^  coal  should  be 
reduced  to  powder.  If  large  coal  costs  G$.  per 
ton  and  small  coal  3;.,  and  you  expended  4s.  per  ton 
to  grind  the  small,  it  would  be  preferable  to  pay  65.  a 
ton  for  the  large  coal,  unless  there  were  other  advan- 
tages to  be  gained.  Therefore,  as  to  the  commercial 
question,  it  was  necessary  to  ascertain  the  fineness  it 
could  reduce  to  that  would  keep  the  price  under  the 
cost  of  the  large  coal.  Without  going  into  all  the 
experiments  which  were  made  over  a  considerable 
period,  it  may  suffice  to  state  the  result,  which  is  this, 
that  coal  can  be  ground  to  the  fineness  of  founders' 
charcoal,  according  to  circumstances,  from  Get.  to 
Is.  6d,  per  ton.  Adding,  say.  Is.  6d.  per  ton  to  the 
small  ooal,  brings  it  still  considerably  under  the  cost  of 
large  cool.  Having  arrived  at  that  point,  the  qu^tion 
is  how  is  it  to  be  burned  ?  The  size  obtained  requires 
a  certain  time  for  its  consumption.  The  combustion 
chamber  must  be  so  constructed  to  effect  this  object 
before  leaving  the  chamber  and  entering  that  where 
it  has  to  be  utilized,  whether  it  is  for  puddling  or 
other  purposes,  or  for  Sir  William  Armstrong's  heating 
operations.  In  practice,  by  a  simple  alteration,  the 
whole  of  those  operations  can  be  performed  within 
the  dimensions  of  an  ordinary  furuace  fire  box  or 
combustion  chamber  and  ash-pit.  I  have  taken  one 
of  two  reverberatory  furnaces  of  equal  size  on  the 
London,  Chatham,  and  Dover  Railway,  at  Long 
Hedge,  altering  one,  and  set  the  same  men  at  work, 
who  were  em[doyed  piecework,  at  the  next  fuimce, 
using  the  same  coal,  but  sifting  out  the  small,  which 
was  in  this  case  Tanfield  Moor,  and  grinding  t^e 
same.  The  men  were  simply  informed  what  to  do, 
and  in  5^  hovaca  they  tamed  out  the  usual  amount 
of  piecework  which  takes  them  12  hours  to  do, 
and  with  a  saving  of  30  per  cent,  of  small  coal  per 
ton  of  iron,  and  without  a  particle  of  smoke  being 
emitted.  What  I  am  now  stating  I  vouch  for.  We 
had  the  least  possible  oxidizali<Hi  of  the  iron.  The 
heAt«  were  such  that  yoa  could  only  compare  tfaem 


certain  number  of  days.  It  was  ascertained  the  qtian- 
tity  of  work  we  could  do  by  welding  scrap,  that  is 
heating  piles  and  welding  them  into  rough  slabs  under 
the  hammer  in  the  ordinary  way.  Ordinary  tyre  bars 
were  cut  into  pieces  and  made  into  piles  of  1\  cwt. 
each  six,  of  those  piles  being  put  into  one  furnace 
and  taken  out  welding  hot  in  28  to  35  minutes.  That 
was  last  FridOT^  week. 

330.  (Mr.  Hartley.)  Was  it  charged  with  coal  ? — 
Tes.  Tiie  furnace  was  charged  with  mixed  air  and 
corI  dust.  That  work  is  never  done  in  a  corresponding 
furnace  of  the  ordinary  kind  under  an  average  of  an 
hour.  Wo  worked  up  those  quantities,  9  cwt.,  ex- 
cluding hammering,  in  three  quarters  of  an  hour"; 
the  heats  taking  on  an  average  half  an  hour,  and 
worked  them  up  under  the  hammer  in  a  quarter  of  an 
hour.  Of  course  you  will  understand  that  this  is  a 
small  furnace,  and  can  only  be  compared  with  corres- 
ponding furnaces  doing  the  same  work  under  the  same 
circumstances }  we  cannot  compare  it  with  a  hiTga 
furnace  ;  you  can  only  compare  tilings  under  exactly 
similar  conditions.  If  we  attempt  to  do  otherwise 
we  get  into  error.  Hiat  was  the  result  I  obttuned. 
The  effect  is  that  we  do  the  piecework  in  5^  hour^ 
the  same  weight  of  metal  as  the  ordinary  furnace  ac- 
complished in  twelve  hours  piecework.  The  form  of 
the  furnace  is  very  simple,  and  so  is  the  mode  of 
dealing  with  it.  I  have  an  ordinary  fan  blast,  hut 
any  blast  will  do.  Perhaps  it  is  not  necessary  to  enter 
into  all  the  experiments  made  respecting  the  pressure 
required  for  producing  injection,  but  it  is  very  smdl 
indeed.  I  merely  take  the  ordinary  &n  blast  and  blow 
it  into  a  small  brick  chamber  arranged  in  the  ordinary 
fire-place,  it  having  been  previously  heated,  which  can 
be  done  in  a  quarter  of  an  hour.  The  air  is  blown 
into  the  chamber  through  what  is  understood  as  a 
jet  action.  The  friction  of  the  air  passing  throng 
induces  the  eurronnding  air  into  it.  The  coal  is 
dropped  into  that  stream  by  a  little  inexpensive 
apparatus,  which  regulates  we  quantity  required  ; 
simply  by  turning  two  handles  I  can  introduce  any 
quantity  of  air  and  coal  desired.  The  coal  drops  into 
the  inlet.  There  is  a  throttle  valve  in  the  air  pipe. 
The  two  handles  are  brought  to  the  furnace  door,  so 
that  by  looking  into  the  furnace,  the  state  of  the 
flame  is  seen  and  regulated  at  will,  and  we  obtain  any 
quality  and  quantity  of  flame  desired  without  a  par- 
ticle of  smoke  of  any  description.  The  jet  laying 
hold  of  the  surrounding  air,  the  coal  dropping  into  i^ 
the  whole  gets  disturbed  and  mixed  and  enters  into 
the  furnace  in  a  state  of  cloud  ;  immediately  it  strikes 
into  the  furnace,  it  hits  on  all  sides,  causing  great 
agitatitm ;  the  gases  are  evolved,  and  the  air  which 
is  necessary  being  approximate,  it  readily  mixes  with 
the  various  gases  as  they  are  made.  The  result  is 
that  you  have  as  perfect  a  flame  as  eui  be  conceived. 
I  do  not  know  t^t  the  system  can  be  made  more 
clear  unless  I  were  to  sketch  the  furnace,  I  will 
undertake  to  alter  any  ordinary  furnace  during  the 
period  allowed  for  ordinary  repairs  at  an  expenditure 
of  a  few  pounds  ;  a  new  furnace  will  not  coat  mora 
than  an  ordinary  one,  if  so  much. 

331.  You  have  spoken  of  a  great  saving  of  time  » 
is  there  a  proportionate  saving  of  fuel  in  ^e  quantity 
of  iron  heated  ? — One  third  in  our  experiments.  I 
wish  you  to  underatand  me  perfectly  in  this  respect, 
having  some  experience  in  these  matters.  I  do  not 
wish  to  assert  there  will  be  a  saving  of  one  third 
under  alt  circumstances.  I  will  not  deal  witii  others, 
but  only  with  those  that  are  parallel ;  since,  if  it 
should  so  turn  out,  (which  I  do  not  believe  it  will,) 
is  that  the  fhmace  mine  is  compared  with  is  very 
bad,  the  comparison  is  with  a  bad  thing.  Tfawe- 
fore,  if  afterwards  comparing  it  with,  a  good  one,  I  may 
be  wrong.  But  I  believe  from  my  experience  that 
the  furnace  it  is  compared  with  is  one  of  the  best  of 
its  kind,  and  the  men  who  are  working  it  the  best 
of  their  kind  and  working  piecework  ;  still  I  would 
guard  myself  on  that  point.  You  cannot  compare  a 
furnace  that  is  heating  8  or  9  cwt.  of  piles  witJi  that 
which  is  heating  a  ton  or  30  cwt.  of  iroo.   My  results 
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have  been  obtained  by  taking  care  lAiat  the  same  cir- 
cumstances exist  as  in  ordinary  wwking.  They  are 
nmply  these  :  We  tnmed  oat  m  the  some  time  with 
the  same  daacription  and  sise  famace,  with  the  same 
men  and  witli  the  slack  of  the  same  coal,  an  equal 
weight  of  iron  in  5^  hours  which  is  done  in  12  hours 
at  piecework  prices,  with  a  saving  of  30  per  cent  of 
slack  coal.  The  quantity  of  coal  was  19^  cwt.  to  30 
cwt  of  theirs.    Those  ai-e  t^e  figures. 

332.  {Chairman.)  Of  course  you  must  use  the  coal 
absolutely  dry  to  be  able  to  disseminate  it  with  tlie 
lur  in  the  furnace  ? — Not  absolutely.  I  have  tried 
many  experiments  upon  damp  coal.  I  think  I  could 
deal  with  15  per  cent,  of  water,  or  perhaps  more.  Of 
course  we  do  not  want  water,  and  care  is  taken  to 
avoid  it. 

333.  Do  you  sift  the  coal  so  as  to  reader  it  of  a 
unifonu  size  ? — No  ;  all  those  points  are  practical 
ones,  which  have  been  most  carefully  considered  and 
experimented  upou  before  I  said  a  word  to  any  one, 
I  have  been  conducting  these  experiments  very 
quietly,  for  I  did  not  wish  to  be  connected  with  a 
uilure  j  at  any  rate,  if  I  did  &il  it  should  not  be  for 
want  of  proper  consideration, 

334.  Do  you  find  the  process  equally  effective  with 
coal  containing  a  large  quantity  of  ash,  and  coal  con- 
taining a  email  quantity  of  ash? — The  quantity  of 
ash  makes  no  difference  whatever.  One  of  the  great 
advantages  of  my  scheme  is  that  if  you  give  me  10 
or  15  per  cent,  of  ash,  I  will  burn  the  whole  of  the 
products  out,  and  leave  the  ash  in  a  state  of  slag  in 
the  fire-chamber,  allowing  it  to  run  in  a  liquid  state 
from  a  hole  in  the  bottom  of  the  chamber. 

335.  (Mr.  Vivian.)  By  the  chambers  you  mean  the 
fire-grate  7 — ^Yes,  or  rather  where  the  mrdinary  fire- 
grate is. 

336.  {Mr.  Hartley.)  What  residuum  do  you  get 
in  the  fire-chamber  ^—Nothing  but  the  sbg.  It  runs 
oat  at  tiie  bottom.  That  is  tine  form  of  an  ordinary 
furnace.  [Making  a  diagram,"]  The  iron  to  be 
welded  is  put  in  here  as  usual,  the  bottom  of  the 
furnace-grate  is  closed,  and  a  bridge  is  made  in  the 
top  part  of  the  furnace,  level  with  the  ordinary  bridge. 

337-  {Mr.  Dickinson.')  But  much  larger  than  the 
ordinary  bridge,  is  it  not? — It  is  extended  inwards. 
There  is  an  air  space  to  keep  it  cool.  I  blow  the 
coal  and  air  into  the  bottom  part  of  this  chamber. 
The  coal  falling  meets  with  a  jet  of  air.  It  strikes 
on  the  oppoute  side  of  the  furnace  when  it  enters, 
and  twirls  or  twists  about,  striking  the  side,  all 
becoming  consumed  before  leaving  the  chamber.  I 
have  Med  a  series  of  these  bridges  with  dfferent- 
sized  coals,  to  ascwtain  the  distance  and  time  neces- 
sary to  consume  all  the  carbon  before  arriving  at  the 
exit  of  Oio  fire-chamber.  Having  ascertain^  these 
facts,  I  can  now  consume  those  particles  used  in  the 
simple  form  of  chamber  described,  the  coal  not  cost- 
ing more  than  a  shilling  per  ton  for  grinding.  It 
is  not  necessary  to  make  a  complicated  furnace  with 
a  number  of  bridges,  when  it  can  be  reduced  to  that 
simple  form ;  but  I  can  imagine  cases  where  it  will 
be  well  to  have  a  different  form.  I  am  merely  stating 
what  has  been  effected,  and  the  results  obtained,  and 
may  observe  that  if  I  had  to  use  large  coal,  and  could 
get  nothing  else,  it  should  be  ground  into  powder.  I 
nm  confident  my  investigations  have  established  this 
to  be  the  proper  system  for  consuming  coal. 

338.  {Mr.  Vivian.)  You  have  used  the  Tanfield 
Moor  cc«d  ? — Yes. 

339.  What  per  centage  of  gaseous  matter  and  what 
per  ceutage  of  mixed  carbon  does  it  contain  ? — I  do 
not  remember  what  it  was.  I  must  take  Uiat  from  the 
chemist's  analysis  tcr  that  coaL 

340.  It  is  a  bitnminous  coal,  is  it  not  ? — ^Yes.  I 
simply  took  Uiat  coal  in  tbese  experiments  as  the  men 
used  it  at  the  next  furnace  to  me,  which  enabled  a 
proper  comparison  to  be  made. 

341.  Have  you  ever  made  experiments  upon  dry 
coals  in  the  nature  of  steam  coals  ? — ^Yes,  up  to  a 
certain  point,  and  have  instituted  other  experiments 
upon  the  dry  coats. 

IMM.  yoL.IL  I 


342.  What  has  been  the  result  of  your  experi-  B  29 
ments  ? — That  it  appears  to  require  a  longer  time  m  T  R 
to  burn  them  with  equal  dimensions.  Crampum 

343.  You  then  require  a  lu^r  fire-chamber  / — ^Not   

necessai'ily  larger,  but  a  longer  one  or  circuituus  one ;  isth  Afir.  1869. 
in  &ct,  more  time  is  required. 

'344.  {Sir  William  Armstrong.)  Longer  passages? 
— ^Yes  ;  you  want  a  longer  time  to  consume  it ;  you 
have  less  hydrogen  ;  the  more  hydrogen  there  is  in 
the  coal  the  faster  it  evolves.  Immediately  you 
get  to  a  nice  red  heat  the  hydrogen  escapes  ;  you 
have  then  to  dissolve,  as  it  were,  the  carbon,  which 
takes  more  time,  consequently  the  greater  proportion 
of  hydrogen  in  the  coal,  the  less  time  is  required  to 
consume  it.  The  coal  was  partially  consumed  in  my 
bottom  chamber,  not  all,  although  the  heat  there  is 
most  intense,  nearly  the  whole  of  the  hydrogen  being 
consumed  there.  There  is  also  a  quantity  of  free 
oxygen  in  it,  with  floating  particles  of  carbon,  and 
the  heat  produced  by  the  hydrogen  helps  to  consume 
the  particles  of  carbon  rapidly.  I  have  burned  oil 
alone  in  the  ssone  chamber,  also  oil  and  coal-dust 
mixed  witJi  advantage.  I  have  made  experiments 
with  boilers,  and  these  will  be  continued.  Some  dry 
coal  is  being  ground  for  the  purpose.  Anthi-acitu 
can  be  burnt  alone  ;  but  mixed  with  oil  in  small 
proportions  or  with  bituminous  coal,  would  be  an  ad- 
vantage in  cei'tain  cases.  I  have  a  quantity  of  Welsh 
steam  coal  for  the  purpose  of  trying  it.  I  have 
evaporated  water  in  a  large  locomotive  boiler  with 
better  results  than  any  I  am  acquainted  with,  and  am 
confident  the  nearest  approach  to  the  theoretical  heat 
contained  in  coal  can  be  obtained  f^m  it  1^  this 
system. 

345.  Do  you  know  what  steam  coal  ? — I  think  it 
came  from  Aberdare.  In  &ct,  Mr.  Fothergill  and 
Mr.  Menalaus  came  to  see  tlie  furnace  last  Saturday ; 
they  saw  the  intense  heats  obtuned  ;  they^  mentioned 
tlus  subject ;  they  were  infonned  Uiat  some  Welsh 
coal  was  being  ground  for  the  pur[)ose  of  trying  it. 
The  next  furnace  to  mo  tumbled  down  the  last  day  of 
our  experiments.  The  engineer  decided  the  best 
thing  was  to  change  my  fomaces  back  agaiu  to  the 
old  plan,  in  order  that  the  men  might  go  on  with 
their  work,  and  erect  a  new  one  permanently  on  my 
system.  We  me  now  about  putting  up  this  furnace 
with  feeder  and  stones  for  grinding,  complete. 

346.  That  is  the  engineer  of  the  Xi<xidon,  Chatham, 
and  Dover  Riulway  ? — Yes, 

347.  You  have  not  yet,  up  to  this  tune,  tried  Welsh 
coal  ? — I  have  not ;  the  principal  coals  have  been 
tried.  I  can  bum  it  alone  undei'  certain  conditions, 
but  I  think  oil  or  other  coal  mixed  with  it  would  be 
advantageous  in  some  instances. 

348.  {Chairman,)  That  indicates  that  you  require 
the  presence  of  a  votatile  hydrocarlxm  to  carry  out 
your  process  efibctirely;  you  vrould  not  use  with 
equal  effect  anthracite  wiUi  95  per  cent,  of  carbon  ? — 
Not  in  the  sune  distance  or  time,  the  particles  being 
equal.  The  first  thing  a  practical  man  shoidd  do  is  to 
see  that  his  proposal  tends  to  good  commercial  results, 
that  it  can  be  applied  to  existing  works,  and  that  the 
manipulation  shall  be  carried  out  by  the  ordinary 
men.  In  this  case  I  have  been  endeavouring  to  con- 
fine myself  within  the  four  comers  of  the  present  fire- 
chambers  and  ash-pit,  where  ordinary  coal  is  burned  ; 
but  I  do  not  think  anthi-acites  will  be  consumed 
within  that  distance,  unless  it  is  veiy  much  finer  than 
that  I  have  experimented  upon,  but  am  not  cei*taiu. 

349.  The  principle  is  essentially  this :  You  have  a 
fuel  which  is  a  compound  of  carbon  and  hydrogen, 
essential  in  some  form  or  other,  according  to  the  vary- 
ing properties  of  those  with  the  other  elements  of  coal, 
and  so  you  require  a  cert^n  quantity  of  atmosj^erie 
air  to  be  carried  in  with  It  to  effect  its  periect  com- 
bustion ? — Yes,  all  carbon  can  be  consumed,  but  less 
time  will  be  required,  I  ima^ne,  the  more  hydn^n 
there  is  in  the  coal. 

350.  Of  course  there  will  be  limits  which  you  will 
bo  at  libcrfy  to  extend  for  any  practical  purpose  in 
either  side,  but  still  to  produce  the  best  effect  it  is 
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B  30      essential  that  yon  should  know  the  chemical  constitu- 
ilfr  T  S  "vri^  whidi  you  are  operating,  and 

Cramptm.  means  of  providing  it  with  the  correct  eqni- 

  *     Talent  of  air  ? — ^It  is  not  necessary  to  know  anything 

ISthApr.  1M9.  about  it  chemically.  It  is  well  for  us  to  know  what 
we  are  dealing;  with,  but  Hie  workmen  need  not  know. 
They  will  take  any  coal  given  them,  regulating  the 
quantity  of  coal  and  air  by  the  means  of  two  handles. 
If  they  want  to  oxidize  their  iron  it  can  be  accom- 
plished in  a  second.  If  they  wish  to  have  a  neutral 
flame  they  can  produce  that  in  a  second  also  without 
a  particle  of  smoke.  An  ordinary  labourer  in  ten 
minutes  could  understand  how  to  regulate  the  fur- 
nace. The  mrai  were  taken  from  the  furnace  next 
to  me.  I  never  saw  them  before  in  my  life.  Ln- 
mediately  ibo  flmuuse  was  in  order  Uiey  tumud 
oat  in  five  and  a  half  hours  what  they  bad  been 
accustomed  to  do  in  twelve  houra.  The  quantity  of 
slag  we  do  not  mind.  We  have  no  bars  to  clog  up ; 
we  have  nothing  to  contend  with  in  that.  Of  course, 
the  chemical  constituents  of  coal  are  Buch  with  regard 
to  sulphur,  &C.,  that  if  we  cannot  eliminate  it  in  any 
way  it  must  do  its  amourt  of  harm  the  same  as  here- 
tofore. 

851.*  {Mr.  Vivian.)  The  only  essential  point 
that  occurs  to  me  to  notice  is  the  necessi^  of  the 
presence  of  hydrogen.  The  important  question 
pears  to  me  to  be  what  quantity  of  hydrogen  yon 
require? — I  think  a  very  small  quantity  indeed  (if  any). 
All  we  want  is  to  diatorfa  Uie  particles  for  a  given 
time,  keeping  them  mixed  with  tiie  air  and  in  a  given 
heat  It  is  not  impwtant  how  that  given  heat  is  pro- 
duced, but  you  must  have  it,  or  you  cannot  form  the 
gas. 

352.  Do  you  imagine  that  the  decomposition  of 
carbon  into  carbonic  acid  will  not  also  give  you  tem- 
perature sufiQcient  ? — Yes,  but  it  requires  time  to  make 
it.  You  must  have  the  air  as  it  were  rubbing  the  sur- 
face of  the  carbon  to  bring  it  into  carbonic  oxide,  and 
the  air  must  be  there  all  the  time.  But  the  rapid 
combustion  of  the  hydrogen  tends  to  lessen  the  time, 

353.  Then  it  is  a  question,  after  all,  of  the  fineness 
of  the  powder  that  you  use  ? — Of  course,  with  time. 

354.  That  is  to  aakjf  supposing  you  find  a  powder  of 
a  oertun  gnun  perfectly  suited  to  the  operation  with 
the  bituminous  coals,  it  is  quite  possible  that  a  finer 
powder  would  enable  you  to  carry  out  that  operation  ? 
— Exactiy  so.  The  experiments  were  commenced 
from  the  gas  point  of  view.  Air  and  gas  are  infinitely 
fine  ;  if  you  bring  the  two  together  they  will  not  flash 
immediately  ;  they  must  first  mix  together  in  a  certain 
heat,  and  immediately  that  takes  place  there  is  flame. 

•  355.  {Chairman.)  Have  you  mentioned  how  you 

first  started  your  heat ;  how  did  you  light  your  ? 
— In  the  ordinary  way,  by  putting  some  or^nary  coal 
into  the  chamber ;  this  can  be  effected  in  10  minutes. 

356.  {Mr.  Dickinson,)  You  have  to  get  the  furnace 
up  ? — I  can  get  a  cold  furnace  up  to  a  welding  heat 
in  three  hours.  There  is  a  hole  at  the  bottom  out  of 
which  the  slag  runs ;  and  is  temporarily  closed. 
When  Mr.  Menelaus  and  Mr.  Fotheigill  were  there 
they  oould  not  see  any  thing  outaidei  and  remarked, 
''Where  is  your  slog?"  Isaid,  "  I  like  you  to  ask  tiiat 
*'  qnestion,  because  yon  know  what  to  ask  for.**  Tlie 
fireman  was  requested  to  take  the  loose  brick  out  of 
that  comer,  and  the  slag  ran  out  nearly  as  thin  as 
molten  cast  iron. 

357.  Can  you  carry  it  on  continuously  afterwards  ? 
— Yets,  it  may  be  allowed  to  run  out  as  formed. 

358.  (Mr,  Hartley,)  Like  the  ordinary  slag  of  a 
blast,  I  suppose  ? — Yes. 

359.  {Sir  W,  Armttrong.)  It  is  quite  clear  from 
this  diagram  that  from  ti^e  greater  intermixture  of 
very  fine  particles  you  would  be  able  to  bum  a  much 
largv  quantity  of  niel  in  a  given  time  than  you  could 
witii  the  OTdinary  apparata& — Precisdyso.  I  do  not 
have  an  excess  of  air  as  in  ordinary  furnaces. 

360.  We  may  start  on  the  basis  that  a  pound  of 
coal,  perfectiy  consumed  in  any  way  you  like,  will 
ev(dve  the  same  quanti^  of  heat  ? — Yes, 

861.  We  will  start  at  any  rate  with  this,  that  you 


cannot  by  varying  your  mode  of  combustion  vary  the 
quantity  of  hwt  that  yon  produce  in  the  first  instance, 
provided  the  ultimate  products  of  combustion  are  the 
same  ? — If  you  have  too  much  air  you  reduce  the 
heat ;  it  is  not  so  intense,  it  is  cooled  down. 

362.  You  dilate  tiie  heat  which  is  so  produced; 
you  may  dilute  it  or  use  it  in  that  way  ? — a  steam 
boiler  it  does  not  much  matter  within  certain  limits, 
but  where  intense  heat  is  necessaiy  Burjdus  air  should 
be  avoided,  which  I  can  effect. 

363.  In  a  steam  boiler,  as  a  matter  of  practice,  it 
certainly  does  not  matter  veiy  much  within  wide 
limits  what  quantity  of  air  you  admit,  but  the  fact  of 
having  80  complete  an  intermixture,  enabling  yon  to 
bum  off  more  rapidly,  I  think  in  itself  is  quite 
suffident  to  account  far  eveiything  because  as  the 
process  Is  effiscted  in  a  shorter  time  there  is  less  loss 
by  radiation  and  all  those  sources  from  the  famace. 
I  do  not  see  why  you  cannot  apply  the  regenerating 
principle  to  this  ? — So  I  can,  when  required,  and  mj 
arrangements  contemplate  ite  use. 

364.  {Mr.  Fi'oian.)  Where  you  are  dealing  with 
one  class  of  coal  always,  it  appears  to  me  that  in  this 
furnace  you  probably  get  your  melting  point  always 
at  the  same  point,  but  if  a  slight  variation  in  the  con- 
stituent parts  of  the  coal  takes  place  your  mating 
point  would  probably  be  at  a  veiy  diffident  poin^ 
because  in  one  case  you  must  have  your  melting 
point  in  what  used  to  be  the  fire-grate,  and  in  tiie 
otiier  case  yon  might  have  it  forward  in  your  stadc  ? 
— If  the  furnace  was  arranged  for  a  given  quantity  of 
coal  of  a  given  fineness,  and  you  were  suddenly  to 
alter  the  size  of  the  coal,  that  would  be  the  result ; 
bnt  in  all  the  north  country  and  inland  coals  which 
I  have  tried  the  same  furnace  acts  perfectly,  but  I 
think  anthracite,  or  veiy  dry  coals,  would  require  the 
passage  through  which  they  pass  made  more  cir- 
cuitous, to  perfectly  consume  them  before  entering  the 
utilizing  chamber.  I  have  used  Tanfield  Moor  and 
some  other  north  country  coals,  Derbyshire  Coal  and 
Cannock  Chase. 

365.  {Mr.  Hartley.)  How  does  the  Cannock  Chase 
do  ? — Capitally,  it  makes  no  practical  difference. 

366.  {Mr.  Vttnan.)  Do  you  get  your  melting  point 
always  at  the  same  place  ? — The  melting  or  welding 
point  is  anywhere  within  the  lunits  of  the  flu^o  ajj 
over  the  utilizing  chamber. 

367.  But  the  difficulty  of  working  a  reverberatory 
furnace  is  to  get  the  melting  point  exactly  at  the  right 
point  ? — Yes,  you  want  it  all  over  your  work. 

368.  All  over  your  charge,  but  nowhere  else  ? — No, 
nowhere  else ;  this  I  accomplish  perfectly. 

369.  I  happen  to  have  had  27  years  experience  in 
the  working  of,  I  believe,  the  largest  number  of 
reverberatory  furnaces  in  England,  and  the  difficulty 
which  we  find  is  this :  that  the  reverberatory  furnace 
has  a  tendency  to  throw  the  heat  too  far  foimurd  into 
the  stack  or  too  far  back  into  the  grate.  That  dqwnds 
upon  the  successful  management  of  the  fuel  and  the 
outgoing  current  of  au*.  Here,  in  this  large  arrange- 
ment <^  the  fire-chambers,  it  appears  to  me  that  you 
have  a  very  slight  control  over  the  melting  point. 
The  melting  point  seems  to  me  to  be  too  far  back  in 
your  fire-chamber  or  too  far  forward  in  the  flue,  I 
am  anxious  to  know  how  it  is  that  you  control  that  ? 
— I  must  answer  you  by  directing  you  to  your  own 
experience.  If  you  will  take  the  cubical  contents  of 
what  I  have  here  as  compared  with  the  cubical  con- 
tents of  what  yon  have  in  your  furnaces  you  will  see 
tiiat  I  have  less  than  you  have.  I  start  with  that 
point.  You  admit  that,  by  the  regulating  of  your 
damper  at  the  top  of  the  chimney,  your  man,  if  he 
has  got  one  pile  or  heat  in  there  of  1  cwt.,  it  will 
get  hot,  and  he  can  regulate  his  damper  to  get  the 
heat  all  over  t^ere;  but  yon  will  perceive  that  if, 
instead  of  1  cwt.,  you  put  in  a  ton  strewed  over  a 
more  extended  surface,  you  stall  heat  the  whole ;  con- 
sequentiy,  by  your  ord^iary  means  of  using  the  damper, 
you  will  have  the  whole  of  your  work  heated  tolerably 
well,  notwithstanding  the  stream  of  gases  passing 
through  the  fumace  at  a  rapid  rate,  produced  by  the 
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vacQum  in  the  chimney.  You  still  find,  in  piaciioe, 
that  you  can  heat  all  ^ai  great  mass  spread  over  the 
bottom,  which  hardly  can  be  called  a  point.  Tou  can 
heat  one  piece  in  one  place  or  one  in  another.  I  think 
it  can  be  shown  that,  although  you  have  some  prac- 
tical fiicilities  which  accomplish  that  in  your  fur- 
nace, I  have  ten  times  as  great  fiunlities.  In  my  fur- 
nace it  is  quite  clear  that  the  heat  can  be  r^;nlated 
better  than  can  be  done  in  any  ordinary  furnace,  as 
absolute  control  can  be  exercised  over  my  two 
elements  for  producing  the  heat,  and  can  -waA  with 
the  same  pressure  inside  as  is  outside  the  furnace, 
whereas  you  have  a  partial  vacuum  in  yours,  and 
you  have  not  an  absolute  omtrol  over  Uiose  two 
elements. 

370.  Your  two  elements  enter  the  furnace  together  ? 
— Yes ;  in  regulated  proportions. 

871.  The  same  chemical  changes  must  occur  in 
your  coal  as  do  in  the  ordinary  fire-grate,  that  is  to 
say,  a  distillation  of  the  hydrogen,  and  a  conversion 
of  ^e  carbon,  first  into  carbonic  oxide,  and  then  into 
carbonic  acid  ;  but  the  greater  heat  is  evolved  at  the 
point  where  the  carbonic  oxide  is  converted  into  car- 
bonic acid  ? — ^It  does  not  matter  how  it  is  done  if  you 
can  do  it  regnhviy.  Nothing  can  be  better  that  your 
furnace  if  you  can  accomplish  this,  but  1  conceive  it 
to  be  Impossible  to  do  so  since  no  means  exist  for 
supplying  Uie  air  and  gas  in  proper  proportions  ; 
first,  you  fill  the  coal  of  various  sizes  on  to  the  bu's. 

372.  No,  very  much  the  same  size. — They  must  be 
of  different  dimensions,  varying  from  the  size  of  pin's 
head  to  beans. 

373.  Butit  is  all  small  coal? — Yes,  but  the  interstices 
and  thickness  of  cool  are  always  varying  while  the 
drought  is  even.  Do  you  think  it  possible  for  your 
man  to  fill  that  furnace,  and  leave  it  for  half  an  hour 
and  find  it  at  the  end  of  that  time  equally  burnt  away 
over  the  whole  surface  line  on  the  top,  leaving  equal 
interstices  and  thickness  of  coaL 

374.  It  is  fired  for  two  hours  at  a  time. — Will  it 
bum  equal  in  thickness  all  the  way  through  ? 

375.  Yes. — ^If  you  am  do  tiiis  it  will  equal  the 
gas  furnace  as  well  as  mine  in  regularity.  The  whole 
question  is  in  this  :  If  any  one  can  do  what  I  under- 
stand Mr.  Vivian  is  now  saying,  that  he  can 
evolve  from  a  solid  mass  of  coal  an  equal  quantity  of 
gas  at  equal  times  with  the  required  proportions  of 
air,  there  would  be  no  occasion  for  further  investiga- 
tion on  this  subject,  but  I  think  his  observation  can 
only  apply  relatively.  In  the  chamber  or  fire-box  of 
a  boiler,  simply  constructed  of  a  capaci^  of  14  cubic 
fee^  5  cwt.  of  West  Hartley  coal  was  consumed  per 
hour.  That  is  a  most  enormous  qnanti^,  imd'  it 
evaporated  9^  Ibe.  of  water  of  46  degrees  tempera- 
tore  of  feed  water,  and  I  judge  that  I  had  from  8  to 
10  per  cent,  of  the  unconBumed.  What  I  am 
telling  you  is  the  greatest  evaporation  of  water  with 
that  owl  that  has  ever  been  done.  Tiding  into  comude- 
ration  the  quantity  of  unconsumed  coke  left,  and  which 
can  be  consumed  with  a  proper  furnace,  I  am  satisfied 
by  this  system  all  the  available  heat  from  the  coal 
is  to  be  realized  that  is  to  be  obtained  practically.  I 
made  these  evaporating  experiments  to  satisfy  myself 
that  I  was  theoretically  correct.  Having  done  this, 
in  the  first  form  of  fire-box  to  my  own  eatisfaction,  I 
did  not  alter  the  form  to  consume  all  the  coke  or 
carbon,  but  went  on  to  the  heating  furnace  experi- 
ments. 

376.  What  I  have  got  to  learn  is  bow  you  can  regu- 
late the  amount  of  combustion  of  the  whole  of  your 
gases  ? — I  have  first  assumed  my  gases  to  be  all  con- 
sumed at  or  before  the  bridge,  the  arrangements  being 
snch  as  to  effect  that  object. 

377.  That  is  to  say,  you  regulate  the  admission  of 
air  and  the  admission  of  coal  in  such  a  manner  that 
you  get  perfect  combustion  at  the  bridge? — Yes; 
by  the  time  it  reaches  the  bridge  my  results  prove 
that  it  is  consumed,  and  perhaps  better,  there  being  a 
greater  pressure  under  perfect  conti'ol. 

378.  (Sir  W.  Arnutronff.)  That  is,  it  is  completed 
at  the  bridge,  but  it  is  going  on  all  tlie  tame  until  it 
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reaches  the  bridge?— Yes,  at  that  time  I  have  a 
perfect  heat,  free  from  soUd  carbon.  If  I  nearly  close 
the  damper  that  heat  will  accumulate  until  the  whole 
of  this  utilizing  chamber  is  full  at  the  same  heat  or 
practically  so. 

379.  {Mr.  Dickinson.)  Do  I .  understand  by  this 
process  of  yours  you  can  regulate  it  all  through  the 
difierent  times  of  melting  or  welding  ? — ^Yes,  as  per- 
fectly as  if  gas  were  employed. 

380.  So  that  if  a  greater  heat  were  wanted  towurds 
the  latter  end  you  could  get  that? — Not  only  could  I 
do  that  and  give  you  a  greater  or  less  intensity,  but  I 
could  give  it  you  in  a  moment 

381.  If  you  can  do  that  you  can  almost  maka 
two  furnaces  do  the  work  of  three,,  and  it  would  be 
worth  your  while  to  take  the  large  coal  and  crush  it 
down  ? — Yes ;  I  have  done  double  the  work  with  one 
furnace  in  the  same  time,  but  only  after  very  great  re> 
search  and  no  trifling  cost.  I  do  not  hesitate  to  say, 
that  my  practical  experiments  prove  that  the  large 
coal  should  be  crushed  for  welding  and  similar 
purposes.    I  should  so  reduce  the  coal.  , 

382.  {Mr.  Vivian.)  How  long  has  that  been  at 
work ;  has  it  been  at  w<n-k  continuously  ? — ^Nerer 
day  and  night.  Mine  have  all  been  experiments, 
but  practic^  ones,  comparing  the  results  with  the 
old  system  under  identical  circumstances. 

383.  {Mr.  Dickinson.)  The  size  of  these  grates  is  the 
ordinary  puddling  or  heating  suri'oce ;  and  the  heat  from 
the  top  of  the  furnace  to  the  bottom  have  been  matters 
which  have  been  arrived  at  af^r  a  great  number  of 
experiments  ;  it  is  quite  possible  that  in  a  process  of 
this  kind  some  little  experience  maybe  necessary  before 
you  can  arrive  at  the  exact  proper  size  of  the  burning 
chamber  ? — Yes,  to  produce  the  best,  but  even 
now  I  know  sufficient  to  produce  the  results  men- 
tioned. 

384.  {Mr,  Vivian.)  My  difficulty  is  to  see  how  yon 
can  possibly  jffevent  a  tremendous  heat  in  this  place  ? 
— do  not  prevent  a  tr^oidouB  heat ;  I  have  a  tre- 
mendous heat  all  over,  or  I  could  not  do  the  work 
in  half  the  ordinvy  time. 

385.  {Chairman.)  I  do  not  think  we  can  get  a 
satisfactory  statement  as  to  what  you  consider  the 
saving  by  perfect  combustion  of  coal  without  know- 
ing the  effect  of  your  process  during  a  given  amount 
of  work  ? — Practically,  I  should  say  tiut  small  coal 
screened  from  large  coal  would  do  20  per  cent,  more 
work  than  the  lai^e  coal  from  which  it  was  taken. 
I  have  saved  under  my  conditions  30  per  cent.  Eva- 
porating water  is  the  best  test,  and  I  have  no  doubt 
from  what  has  been,  20  per  cent,  more  water  can  be 
evaporated  by  this  system  than  with  the  ordinaiy  plan. 

386.  {Mr.  Vivian.)  You  do  not  sift  it  ?— No  j  it  is 
ground  by  the  ordinary  millstone. 

887.  {Mr.  Geddes.)  Have  you  tried  Scotch  coal  at 
all  ? — ^No  ;  but  yon  may  taite  it  from  me  Uut  there  is  no 
Scotch  coal  tihat  I  have  ever  heard  Of  that  is  not  per- 
fectly adapted  to  it.  There  is  no  coal  that  is  not  per- 
fectly adapted  to  the  system.  If  it  is  very  dryW elsh 
and  anthracite  coal,  it  would  probably  require  more 
varied  proportions.  Any  of  the  Scotch  coal  that  I  have 
ever  heard  of  will  apply.  It  does  not  matter  how  dirty 
it  is ;  the  whole  of  the  heat  of  the  coal  can  be  utilized. 
I  should  remark,  after  commencing  this  investigation 
of  the  principle  of  burning  powdered  c«il,  I  discovered 
to  bum  dust  to  be  very  old,  in  &ct,  before  I  was  bom  • 
but  the  proper  principle  of  action  had  not  been  dia 
covered  as  for  as  I  can  ascertain. 

388.  {Mr.  Vivian.)  Then  you  have  not  a  patent 
for  it  ? — Yes,  I  hare.  The  principle  of  dividing  coal 
has  been  thought  of  years  and  ages  ago.  It  has  bee& 
a  &vourite  idea  to  use  it  in  a  blast  furnace,  bu( 
found  to  be  impracticable  ;  the  result  is  it  has  never 
been  done  ;  in  fact,  the  essential  conditions  for  prac- 
tical success  have  not  been  dealt  with.  Consequently 
small  coal  is  left  still  in  the  pits,  in  spite  of  the  inte- 
rest of  the  parties  to  bring  it  out  and  bum  it.  I  fnUy 
expect  in  a  very  short  period,  when  what  I  have  prac- 
tically accomplished  bmnnes  known,  that  the  old  tale 
will  be  told :  "  I  thought  of  this ;  this  is  not  new } 
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B  32       somebody  made  such  an  experiment  at  such  a  time ; 

Mr.  T.  R.     what  merit  is  there  in  such  a  simple  tLing  as  that?" 

Crampton.  J  am  prepared  from  experience  to  meet  with  all  these 
"~ —  observations,  and  it*  there  is  any  merit  in  bringing  this 
ISth  Apr.  1869.  mutter  to  a  successful  issue  1  do  not  anticipate  being 
left  to  enjoy  tlie  credit  of  it  alone.  If  I  do  it  will  be 
coDtraiy  to  all  previous  experience.  I  can  only  say 
that  the  whole  system  is  original  as  &r  as  I  am  con- 
cerned. It  is  quite  clear  that  burning  small  coal  dust 
is  not  a  new  idea,  but  at  the  same  time  I  think  I  am 
the  first  to  establi»h  certain  principles  by  which  it  can 
be  consumed,  and  carriyng  out  those  principles  iu 
practice.  I  make  these  few  remarks  being  satisfied 
that  the  time  will  come,  and  that  not  very  many  years 
distant,  that  the  whole  of  our  coal,  for  co-tain  pur- 


poses, will  be  put  into  powdei-.  Th«-e  is  one  impof. 
taut  point  should,  I  thhik,  be  pointed  onL  Yoa  are 
aware  that  when  the  furnace  door  is  opened  to  take 
out  the  heat  the  air  rushes  into  the  furnace  and  coda 
it,  as  far  as  the  chimney.  Before  the  furnace  begins 
to  get  hot  again  you  put  in  a  new  chwge.  the  dow  itt 
let  down,  and  a  quantity  of  coals  or  clay  is  applied  to 
seal  it.  Until  that  operation  is  finished  the  furnace 
is  being  cooled,  being  so  much  time  and  coal  lost ; 
besides  which  this  loss  of  time  has  to  be  made  good 
before  the  furnace  renins  its  original  heat.  In  my 
furnace  no  such  losses  take  pUce ;  there  being  a  pres- 
sure in  the  furnace  in  excess  of  the  external  atmo- 
sphere, no  eooling  from  the  admission  of  cold  air 
takes  place. 


The  witness  withdrew. 


Adjourned  till  the  13th  of  May  at  12  o'clock. 


B.— 8fA  Meelmg,  May  13, 1869. 
Present  : 

1.  Mk.  Hunt  (in  tbe  chair);  2.  Mr.  Woodhouse  ;  3  Mb.  Dickinson ;  4.  Sm  W.  Akhstrong ; 
5.  Mr.  Clark  ;  C.  Me.  Geddes  ;  7.  Mb.  Vivian, 

The  following  gentlemen  were  also  present : 
8.  Doctor  Abnott  ;  9.  Mr.  Siemens;  10.  Doctor  Faibbaibn ;  11.  Mb.  John  Hiok,  of  Bolton; 
12.  Captain  Noble,  Els  wick,  Newcastle-on-Tyne;  13.  Doctor  Paul. 

1.  The  Secretary  produced  the  file,  and  reported  that  the  evidence  taken  at  the  last  meetings 
was  not  yet  ready  for  production.*    Mr.  Bell,  and  Mr.  Menelaus,  and  Mr.  Siemens  have  had  proofs 

of  their  evidence  revised  by  them  in  manuscript,  (1864,  1866,  1866,)  April  9,  and  these  are  ordered 
to  be  made  up  in  double  column.  Sir  William  Armstrong  and  Mr.  Crampton  had  their  evidence  in 
manuscript  (1896,  1897)  on  the  17th  of  April.  Mr.  Crampton  returned  his  manuscript,  May  12, 
*  which  was  sent  to  press  the  same  day.  Proofs  of  Sir  William  Armstrong's  evidence  were  retui-ned 
by  the  Queen's  printers  May  12,  and  two  proofs  were  given  to  Sir  William  on  the  same  day. 

2.  Two  letters  from  Mr.  Bell  about  his  cAidence  were  prodnced,  and  read  (1930).  Captain 
I^oble's  eviden(»  explains  the  subject  of  these  two  letters. 

3.  The  Secretary  reported  that,  in  compliance  with  the  wish  of  several  members  present  yesterday 
he  had  witten  to  the  printers  lo  strike  off  20  sets  of  all  the  printed  papers,  for  the  use  of  membMs* 
of  the  Commission,  to  be  ready  before  the  end  of  May.    These  sets  to  be  g^ven  to  members,  and 
to  include  as  much  as  possible.    Tbe  meeting  a{^>roved,  as  did  Mr.  Dickinson,  Chairman  d[ 
Committee  C. 

4.  The  Chairman  stales  that  he  had  written  to  the  gentlemen  present,  and  read  replies  from 
Sii-  Daniel  Qoocb,  London  Terminus,  Faddington,  and  from  Mr.  Galloway,  Knott  Mill  Iron  Works, 
Manchester,  which  was  ordered  to  be  printed 

5.  The  minutes  o£  last  meeting  were  signed. 

6.  The  Committee  then  took  the  evidence  of  Doctor  Amott,  Mr.  Siemens,  Captain  Noble, 
Mr.  Hick,  Dr.  Fairbairn,  and  Doctor  FauL 


"  Knott  Mill  Iron  Works, 
Manchester,  May  12th,  1869. 
"KobertHimt,  Esq. 
Dear  Sir, 

In  reply  to  your  note  of  the  24th  ultimo,  the 
coDSumptiou  of  coal  in  tbe  manufacturing  districts  is 
being  ewnomised  slowly,  certainly,  but  yet  surely ; 
and  efforts  are  being  made  by  many  of  the  most  in- 
fluential and  important  firms  to  reduce  the  expenditure 
of  fuel  to  a  minimum.  The  avei-^e  coal  consumed 
per  indicated  horse  power  per  hour  we  may  take  as 
about  5  lbs.,  whereas  some  years  ago  it  probably 
ranged  from  8  to  9  lbs.  Each  year  improvements  are 
being  brought  forward,  priucipiuly  in  Uie  construction 
of  engines,  for  allowing  the  greatest  benefit  to  be 
deriv^  from  the  expansion  of  high-pressure  steam, 
and  to  do  away  as  moch  as  posuble  with  the  unneces- 
sary passages  teom  the  valvea  to  each  end  of  cylinder, 
and  other  sources  of  waste.    Improvementa  in  steam 


boilers  are  rather  rare,  as  the  strongest  form  is  rather 
to  be  conudered  than  economy ;  and  simplicity  of 
CQpstruction  is  anotlier  equally  important  point.  The 
class  of  boiler  with  which  I  have  been  more  imme- 
diately connected  in,  as  you  are  aware,  that  knoivn  as 
the  Galloway  boiler,  the  distinctive  feature  of  which 
is  the  cone  tubes  placed  in  the  internal  flues  at  right 
angles  to  the  direction  of  the  flame  passing  towards 
the  chimney.  And  the  idea  has  been  to  place  a  heat- 
ing surface  in  such  a  position  as  shall  absorb  as  much 
of  the  heat  from  the  gases  as  is  possible  without 
damaging  the  necessary  draught  of  the  fires.  Heating 
sur&ce  which  is  impinged  upon  is  of  a  very  superior 
diaracter  to  that  in  which  the  heat  merely  glides  past, 
as  in  the  fines  of  ordinary  boilers.  The  principle 
may,  perhaps,  be  in  some  measure  exemplified  by 
homing  up  a  Etick  in  a  gale  of  wind  at  right  angles  to 
its  direcUon,  when  tiie  pressure  is  perceptibly  felt, 
but  when  held  horizontally,  and  In  the  same  direction 


*  It  wu  sent  daring  the  meeting. 
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U  the  breeze,  tiien  it  merely  glances  over  it.  The 

heat  thas  in  the  flaes  is  condensed  against  the  tube, 
and  is  much  more  rffectual  in  passing  through  the 
plates  to  the  water.  The  further  benefits  are  in  the 
breaking  up  of  the  gases,  and  throwing  them  against 
the  sides,  instead  of  merely  allowing  them  to  rush 
through.  And  in  the  case  of  a  large  flue  it  must  be 
evident  that  what  maybe  called  the  "core  "  or  centre 
of  the  flame  rushes  direct  away  to  the  chimney,  unless 
it  is  intercepted  by  water  tubes  or  other  devices, 
arranged  in  the  flue  for  the  purpose  of  breaking  them 
up.  We  have  fixed  a  many  thousands  (say  60,000) 
oi*  these  tubes  with  the  most  satisfactory  results ;  we 
ccmsidfO'  the  saving  in  Aiel  to  be  at  least  \5  per  cent., 
but  we  have  so  many  reports  from  our  Mends  who 
fix  them,  that  it  is  difficult  to  strike  an  average.  The 
very  morning  that  I  recaved  your  first  communicatiDn 
we  had  a  note  from  a  firm  saying  that  they  had  fixed 
tubes  in  a  boiler,  by  which  they  were  saving  50  per 
cent.,  but  this  was  doubtless  an  exaggeration.  For- 
tunately they  can  be  fixed  (and  are  regularly  being 
done  so)  in  old  boilers,  and  have  the  important  ad- 
vaiUage  of  strengthening  the  flues  by  acting  as  a  stay 
to  prevent  collapse  from  over  pressure,  and  improving 
the  circulation  of  water,  which  must  increase  the 
durability  of  the  boiler,  by  preventing  unequid  ex- 
pansion of  the  different  pu-ts  of  flues  and  shell,  and 
also  have  the  eflfect  of  liberating  the  steam  more  freely 
from  the  water,  thus  preventing  one  of  the  difficulties 
of  practical  steam  using,  vis.,  **  priming,"  or  wet 
steam. 


I  will  conclude  by  giving  you  an  extract  from  a      B  33 

letter  I  received  from  Messrs.  Daniel  Illingworth  and 
Sons,  of  Bradford,  Yorkshire,  who  are  a  fair  sample 
of  the  work  done  by  our  best  manufacturing  firms. 
They  are  using  high-pressure  steam,  and  hare  the 
Galloway  tubes  in  the  flues  of  their  boilere.  They 
say,  "  Our  two  engines  have  38-tn.  cylinders,  5  ft, 
stroke,  and  make  42  revolutions  per  minute,  and  now 
indicate  n  little  over  ^OO-horse  power.  We  made  a 
week's  test  in  Sept.  1867,  including  cof^  used  for 
getting  up  steam,  and  raking  every  night.  The 
engines  were  indicated  ten  times  daily,  except  ou 
Saturdays  six  times,  the  average  indications  being 
439  H.P. ;  the  coals  used  was  at  the  rate  of  3  lb.  3  oe. 
11  drs.  per  I.H.  per  hour;  but  we  were  smoke  burn- 
ing by  admitting  cold  air  at  the  bridges  ;  and  from  tests 
we  found  that  we  should  only  have  used  2  lbs.  14  oz. 
15  drs.  with  ordinary  hand  firing.  Since  then  we 
have  improved  the  vacuum,  and  we  now  are  cei'twnly 
not  using  more  than  2^  to  3  lbs.  the  year  round.  The 
coal  costs  us  8  per  ton,  and  is  a  roundish  black  oed 
coal.  Our  boilers  are  30  ft.  by7.0dia.,  two  flues 
through,  with  seven  Galloway  tubes  in  each  flue. 
We  have  also  Green's  economizer,  252  pipes.  Our 
consumption  of  coal  for  all  purposes  will  be  from  60 
to  70  tons  of  coal  per  week.** 

Trusting  you  will  excuse  tfa*s  desultory  note,  which 
has  been  hurriedly  written, 

lam,  &C. 
Chablm  J.  Oaixowat." 


NxiL  Abnott,  Esq.,  D.M.,  2,  Cumberland  Terrace,  Regent's  Park,  exammed. 


S89.  {Chairman.)  Ton  have  long  been  acquainted 
with  the  economy  of  stoves?— I  have. 

390.  You  are  the  inventor  of  a  stove  which  has 
now  been  fw  many  years  in  practical  applicaUfm  ? — 
I  am. 

391.  Will  you  have  the  kindness  to  inform  us,  in 
the  first  place,  of  the  economy  effected  by  that  stove 
which  is  known  as  "  Amott's  stove  ?" — The  economy 
is  a  saving  of  at  least  half  the  expense  of  an  open 
English  fire  diffusing  the  same  warmth.  The  fuel 
required  fbr  the  stove  must  be  non-bitumiuous,  that  is, 
must  be  stone  coal  or  anthracite,  or  good  coke,  all 
unlike  common  coal  in  not  giving  out  inflammable  gas, 
which  might  accumulate  and  cause  explosion. 

I  have  two  such  stoves  in  my  house,  acting  with 
perfect  regularity ;  one  of  them  for  28  years;  the  other 
fiv  four  years  less.  The  quantity  of  fuel  consumed  in 
each  of  these  is  about  14  pounds  for  24  hours,  which 
is  barely  half  of  -  what  is  expended  in  the  day  of  15  or 
16  workii^  hours  in  the  common  open  EngUsh  fire, 
giving  the  same  amount  of  heat. 

I  may  further  state  that  the  close-stove  has  to  be 
hghted  but  once  in  the  season,  burning  night  and  day 
wiUi  perfect  unifomuty  from  October  to  May,  and  at 
any  desired  temperature. 

The  distinguishiug  characteristic  of  the  stove  is  its 
having  a  balanced  valve-regulator  opening  into  the 
ash-pi  to  admit  (ur  to  support  the  combustion.  By 
merely  shifting  a  small  weight  on  the  valve  the 
quantity  of  coal  consumed  in  24  hours  can  be  increased 
or  diminished  in  any  desired  degree.  The  coal  is 
consumed  with  as  much  uniformity  as  the  oil  is  in  a 
lamp,  or  the  tallow  or  wax  in  a  ww-made  candle. 

One  of  the  two  stoves  mentioned  is  placed  in  the 
dining-room ;  the  other  in  our  bedroom.  The  latter 
has  within,  or  connected  with  it,  10  gidl<nis  of  water, 
raaintuned  uniformly  at  any  desired  temperature  below 
boiling  heat,  and  which  is  therefore  always  at  lumd 
or  ready  for  any  useful  purpose. 

The  stoves  are  attenc^  to  by  the  ordinary  servants, 
easily  taught. 

In  speaking  of  the  regulating  valve,  I  have  to  men- 
tion that  the  construction  of  it  was  quite  a  novelty  in 
the  art  of  an-anging  fire-places,  and  by  manufacturers 
little  skilled  in  mechanics  the  valves  have  often  been 
imperfectly  made,  and  so  have  led  to  disappointment. 
The  attempt  to  instruct  an  ordinary  workman  merely 


\j  words  spokm  or  written,  wiUtout  showing  the 
device  in  action,  and  exiJaining  the  mechanical  prin-   IS  May  18<9. 
ciple,  would  generally  be  a  failure.  My  wish  now  is  to     — — 
have  the  opportunity  of  submitting  the  whole  matter 
to  the  competent  judgment  of  the  present  Commission, 

I  have  always  been  ready  to  show  and  explun  to  in- 
telligent persons  interested  in  such  questions  what  I  have 
long  had  acting  to  perfection  in  my  house;  but  as  no 
patent  right  was  sought,  to  secure  money  profits  to  per- 
sons engaged  in  the  manufacture,  the  inducement  has  not 
been  sufficient  to  tempt  mauu&ctnrers  to  devote  atten- 
tion to  the  business.  The  remedy  for  this  will  be  to 
have  the  apparatus  shown  in  use,  and  expluned  in 
the  lectures  of  the  able  professors  acting  under  public 
authority,  as  in  such  establishments  as  Uie  School  of 
Mines  in  Jennyn  Street,  or  the  Boyal  Institndon. 

393.  About  whf^  temperature  is  mointuned  in 
the  bedroom  in  which  the  hot-water  stove  is  placed 
while  bTimii^  about  14  pounds  of  fhel  in  24  hours  ?— 
The  temperature  may  be  made  whatever  is  wished, 
and  therefore  is  generally  from  62  to  64  d^;rees  or 
Fahrenheit's  thearmometer. 

393.  la  there  any  published  description  of  your 
stove  ofiPered  to  the  public  ? — In  my  "  Elements  of 
Physics,"  6th  edition,  from  pages  490  to  496^  there  is 
a  description  ;  but,  as  already  said,  no  mere  verbal 
statement,  without  handling  and  witnessing  the  actual 
management,  can  convey  the  adequate  knowledge  to 
ordinary  minds. 

394.  I  believe  your  stoves  have  been  applied  to  a 
certain  extent  in  houses  and  in  public  buildings, 
luive  they  not  ? — They  have. 

395.  And  usually  successfully  applied  ? — Yes ; 
when  properly  constructed,  and  managed  by  fit 
attendimts. 

396.  When  I  was  secretary  of  the  Cornwall  Poly- 
technic Society  we  had  two  of  your  stoves,  and  a 
singular  accident  prejudiced  them.  I  was  myself 
witness  of  the  accident ;  and  it  was  an  explosion 
of  an  accumulation  of  gas  in  the  stoves.  Is  that 
liable  to  occur  often  ? — Notwheretheservantshavehad 
their  simple  lessons.  When  coal  gas  was  first  used 
for  lighting,  accidents  were  not  unfrequent,  but  now 
hardly  any  occur.  I  havejhad  my  stoves  now  in  use  for 
nearly  thirty  years  without  an  accident. 

397.  With  respect  to  your  open  fire,  will  you 
kindly  expUun  to  as  yonr  principle  there  exhibited. 


I  i  3 
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B  34      aoA  the  eoonomy  which  is  effected  hj  it  ?— The  details 
JV«7  Anutt    are  givea  to  a  considerable  extent  in  tiie  "Elements 
Etq.»M,D.    of  Physics,"  pages  492  to  496.     Great  economy 
- —  „    results  from  lighting  the  Are  at  the  top  instead  of  at 
ts  Blar  1869.         bottom,  as  in  common  fires.   Many  persons  have 
BOW  most  satisfactorily  adopted  this  mode  of  bnnting 
coal. 

398.  Will  you,  in  the  first  instance,  explain  the 
kind  of  fire-place  ? — The  fire-place  resembles  a  com- 
mon grate,  but  it  is  deeper,  and  has  at  bottom  a  plate 
of  iron  nearly  covering  ttie  grating  there,  so  as  to 
lessen  the  entrance  of  air  below  and  to  cause  the  fire 
to  be  fed  with  air  from  the  front.  It  is  to  be  filled 
with  common  coal  to  near  the  top  bar,  and  preparation 
is  made  for  lighting  by  placing  over  the  coal  some 
twisted  pieces  of  papm-  and  some  fire  wood,  and  over 
all  tfie  cinders  left  by  the  preceding  day's  fire.  The 
paper,  beii^  then  l^hted,  inflames  at  onoe  the  wood 
and  the  covering  cincfer  and  the  upper  fresh  coal  in  con- 
tact with  the  dnder.  The  mass  then  bums  downward 
with  remarkable  uniformity,  as  a  candle  dora,  lasting 
as  the  body  of  a  candle  lasts,  until  little  is  left  below. 
It  may  scarcely  require  to  be  touched  with  the  poker 
during  the  day,  the  little  adjustment  required  being 
evident  to  common  sense  and  easily  given.  The  open 
fire  which  you  saw  in  my  library  is  of  this  kind,  and 
has  served  admirably  for  more  than  ten  years.  It  will 
oum  the  whole  day  without  interference,  and  without 
going  out. 

399.  With  regard  to  the  box  of  coal  placed  below 
the  level  of  the  grate,  will  you  describe  that  ? — That 
coal-box  may  be  deep  enough  to  receive  fuel  for  a 
whole  laoa  day«  It  has  a  moveable  bottom,  to  be 
raised  up  uke  &e  piston  of  a  pump  by  the  poker  used 
as  a  lever.   It  warms  perfectly  my  haiSk.  drawing  room. 

400.  Is  that  fimn  equally  ^tplicable  to  cooking- 
grates  with  an  open  fire  ? — ^Not  equally  ;  but  is 
i^plicable.  I  have  not,  however,  attended  to  the 
arrangements  of  cooking  stoves. 

401.  It  appears  to  be  of  the  utmost  importance 
that  we  should  endeavour  to  ascertain  what  prospect 
of  economy  there  is  for  domestic  fires,  in  respect  to 
which  there  is  evidently  at  present  great  waste  of 
coal.  Are  you  of  opinion  that  we  are  on  the  road  to 
askj  great  economy  being  carried  out  with  regard  to 
dtnnestic  fires  ? — I  have  no  doubt  that  much  economy 
may  be  effected.  It  is  generalW-  known  that  in  the 
cold  winter  ckP  many  parts  of  Europe  sitting-roomB 
cumot  be  sufficiently  warmed  by  any  open  fire,  and 
thercfm  dose  stoves  of  some  kind  are  unavoidably 
used,  even  in  royal  palaces,  and  with  mnch  saving  of 
AwL  It  is  known  tiiat  about  the  b^inning  of  this 
century  Count  Romford  proved  that  in  common  open 

The  witoee 


fires  nearly  seven  eighths  of  the  heat  produced  went 
up  with  the  smoke  to  waste.    He  showed  that 
narrowing  the  chimney  throat  by  a  moveable  damper 
much  saving  might  be  effected. 

402.  (Mr.  IHekinson,)  Are  not  ^onr  stoves,  by 
drying  the  air,  likely  to  produce  an  injurious  effect  hj 
the  process  of  what  is  called  burning  the  air  ? — ^Not 
at  all,  for  the  snr&ce  of  the  stove  needs  never  to  be 
warmer  than  that  of  a  tea-urn  containing  boiling 
water  ;  and  there  may  always  be  placed  on  the  stove 
a  small  open  vessel  containing  water  to  evaporate. 

403.  Would  you  use  your  stove  in  a  bed-room,  for 
example,  without  your  ventilator  ? — I  advise  all  to 
secure  ventilation  in  bedrooms,  with  or  without  stoves, 
and  the  self-regulatiog  stove  allo^  of  complete 
security. 

404.  But  would  you  consider  it  safe  or  healthful 
to  introduce  your  stove  into  a  bedroom  in  which  there 
was  no  ventilator  ? — The  chimney  ventilator  is  good 
everywhere,  whether  with  or  withoat  stoves. 

406.  {Sir  WUliam  ArmUnmg.)  Do  yon  think  that 
there  would  be  more  heat  evolved  frcnn  the  141bB.  of 
coal  when  burned  downwards  than  when  burned 
wards  ? — I  think  there  would. 

406.  But  in  an  open  fire  burning  a  given  weight 
of  coal  do  you  get  more  heat  from  the  coal  by  lighting 
it  on  the  top  than  you  do  from  lighting  it  at  the 
bottom?  Supposing  you  put  lOlbs.  of  coal  in  a  grate, 
you  light  it  from  Wow,  and  you  get  a  certain  quantity 
of  heat  given  out ;  if  you  light  £e  fire  from  ^e  top 
will  the  quantity  of  heat  practically  given  out  into  the 
room  be  greater  ? — It  think  it  will  be  greater,  to  some 
extent. 

407.  Upon  what  principle  would  you  explain  the 
cause  the  heat  being  greater  when  the  fire  is  burn- 
ing from  above  downwards  than  when  it  is  bnm- 
ing  firom  below  upwards  ?— ^nch  of  the  gas  disen- 
gaged from  the  fnah  coal  below,  aa  the  combnsticHi 
descends  has  to  rise  through  the  ignited  fheL  and  will 
be  advantageously  burned.  Fresh  fuel  put  on  the  top 
of  a  fire  sends  not  a  little  imburned  gas  up  the  chim- 
ney to  waste.  The  fixe  burning  from  above  may  thus 
be  said  to  be  consuming  much  of  its  own  smoke. 

I  may  here  conclude,  by  repeating  that  although 
enlightened  persons  have  seen  the  se)f-r^;ulating  stoves 
in  action,  I  have  not  had  the  opportunity  ^diich  I  hope 
will  now  be  affoi'ded,  in  the  presence  of  members  of 
this  Commission,  to  give  full  explanations  to  perfectly 
competent  judges.  The  very  limited  time  left  by 
sbictly  professional  engagements  has  prevented  me 
from  giving  to  tlie  new  proposals  of  stove  manage- 
ment and  others  the  attention  which  the  impwtance 
of  the  ends  sought  1^  them  seem  to  demand. 

withdrew. 


C.  W.  SUmats,  Cbablks  Willux  Sibhems,  ^sq.,  B'.&.S.,  3, 

Maq.,FM.S.  {Chairman.)  When  we  had  last  the  pleasure 

13  Hay  1869.  of  having  you  before  us,  we  finished  rather  hurriedly, 

-  ■   it  being  necessary  that  you  should  be  absent ;  and  I 

find  that  you  desire  to  give  us  a  little  more  informa- 
tion upon  Bomepoints  connected  with  your  regenera- 
tive furnace.  Xojx  have  kindly  favonred  me  with  a 
few  notes  upon  certain  points.  You  say  that  you 
wish  to  call  attention  to  certain  features  of  the  regene- 
rative gas  furnace  independent  of  its  fuel-saving 
qualities.  Will  you  favour  us  with  a  statement  of 
those  features  ? — The  first  object  I  had  in  view  was 
economy  of  fuel,  no  doubt;  but  I  find  that  there  are 
other  qualities  connected  with  this  system  of  firing 
which  are  perhaps  fully  as  important  in  many  branches 
of  industry  as  the  economy  of  fuel.  The  regenerative 
gas  furnace  admits  of  any  degree  of  heat  being  attained, 
mdependently  of  the  quality  of  the  fuel  employed. 
The  {ovcess  is  one  of  accumulation,  and  there  is, 
theoretically  and  practicaUy,  no  limit  to  the  degree  of 
temperatnre  that  can  be  attained.  {Another  feature  is, 
that  very  large  caracdties  can  be  heated  to  a  perfectly 
uniform  degree.  I  have  hitely  constructed  furnaces 
of  a  size  fiir  beyond  anything  that  eoald  be  attempted 


Great  Grcorge  Street,  Wiutminster,  examined. 

before,  and  I  can  obtarn  a  perfectly  unifonn  tempera- 
ture from  end  to  end.  The  ^act  of  the  fiame  changing 
over  from  side  to  side  at  frequent  intervals  favoors  this 
result.  Another  point  c<mnected  with  this  mode  of 
firing  is  that  there  is  no  violent  draught  required 
(either  fan-blast  or  strong  chimney  draught)  to 
produce  a  great  development  of  heat,  and  that  a  balance 
of  pressure  is  established  inside  the  furnace  with  the 
atmosphere  without.  The  result  is  that  the  material 
of  which  the  furnace  is  composed,  and  the  retorts  em- 
ployed in  some  furnaces  last  a  great  deal  longer  than 
in  ordinary  fires.  Also  I  can  cany  out  delicate 
chemical  operations  in  open  contact  with  the  fiame  of 
the  furnace. 

409.  Yon  speak  of  the  entire  absence,  as  I  infer,  of 
ashes.  Will  not  some  of  the  fine  ash  be  carried  forward 
with  the  gases  as  produced  in  your  furnace  ? — That 
would  no  doubt  be  the  case  if  the  gas  producers  were 
dose  to  the  Aimaces,  but  generally  the  gas  prodacers 
are  placed  ontmde  the  wt^ES  at  a  very  considerable 
distance  from  the  frimaces,  and  there  is  ample  time  fat 
any  dust  that  may  arise  from  the  gas  producer  to 
deposit    MoreoTO*,  in  the  gas  proauoar  itself  the 
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current  of  the  gaaea  is  very  slow,  so  that  there  are  not 
nearly  so  many  ashes  cairied  up  from  the  mass  of  fuel 
as  there  would  be  from  an  ordiiiary  grate. 

410.  At  about  what  rate  are  the  gases  circulating 
in  yonr  furnace? — ^The  gas  travels  at  a  very  slow 
rate,  not  exceeding  15  feet  per  second,  through  the 
flues.  I  have  establidied  several  wwks  where  the  gas, 
after  passing  through  the  cooling  tube  syphons,  travels 
half  a  mile  or  more  through  luge  undei^round  flues 
of  six  feet  by  nine  feet  in  section,  and  when  it  arrives 
at  the  works  it  is  free  from  dust,  certainly,  and  in  fact 
the  vapours  also  are  for  the  most  part  condensed.  In 
some  cases  I  wash  the  gas,  in  order  to  remove  sulphu- 
rous acid  that  may  still  be  mixed  with  the  gases. 

Amongst  the  applications  which  I  have  carried  out, 
that  to  the  process  of  puddling  is  attended  with  the 
most  striking  advantages.  I  find  that  instead  of  los- 
ing 10  or  12  per  cent  of  the  weight  of  pig  metal  put 
into  the  furnace  in  puddling  grey  iron  I  get  more 
weight  of  wrought  metal  out  thim  the  weight  of  the 
pig  metal  put  in.  This  is  not  a  casual  result,  but  a 
result  wbmi  has  repeated  itself  from  month  to  month 
in  many  applications.  I  have  written  a  paper  upon 
the  subject  (producinff  a  pamphlet),  explaining  and 
setting  forth  the  theoretical  point  upon  which  this 
result  depends.  It  is  an  important  result,  inasmuch 
as  for  the  same  pig  metal,  and  for  the  same  fettling, 
put  into  the  furnace,  12  per  cent,  more  yield  is  ob- 
tained besides  the  Tadvantagee  of  saving  fuel  and  of 
improving  the  quality  of  the  metal. 

411.  (Sir  VFilliam  Armstrong.)  Did  I  rightly  hear 
what  you  stud  just  now,  that  you  get  more  iron  out  of 
a  fuiiiaco  than  you  put  pigs  Into  it  ? — Precisely  so. 

412.  Where  does  it  come  from  ? — From  the  fettling. 
There  is  always  put  in  from  four  to  five  hundred 
weight  of  fettling  or  oxide  of  iron  with  a  ton  of  pig 
ironj  and  the  process  o£  puddling  does  not  depend  upcm 
I3ie  oxidizing  action  of  the  atmospheric  tir,  but  upon 
the  diemical  reaction  between  the  oxides  of  Iron  or 
the  fettling  and  the  carbonized  iron  or  the  pig  metal. 
When  those  two  substances  are  intimately  mixed  in  a 
fluid  state  by  means  of  the  rabble,  a  violent  ebullition 
ensues,  which  is  the  result  of  chemical  combination  of 
the  oxygra  in  the  oxides  witJi  the  carbon  the  pig 
metal. 

413.  Then  how  is  it  in  the  ordinary  process  ? — In 
ihe  ordinary  process  the  same  action  goes  cm.  It  is 
quide  a  mistake  to  suppose  that  Uie  oxydlzing  flame 
reewted  to  towards  the  end  of  the  operation  produ(»s 
the  decarburization  of  the  iron.  The  decarburization 
goes  on  internally  within  the  fluid  mass,  but  when  the 
iron  comes  to  nature,  that  is,  when  the  crystals  or 
granules  of  pure  iron  form  in  the  semi-fluid  mass,  then 
a  sudden  increase  of  temperature  is  necessary  in  the 
frumce  to  weld  tiieee  granules  of  iron  together.  Now 
in  the  ordinary  puddling  ftimace  that  welding  heat 
cannot  be  speedily  obtained  without  resorting  to  the 
combnstion  of  iron.  The  puddler  puts  a  clear  flame 
on,  which  means  that  he  admits  free  oxygen  into  the 
fui'nace,  and  it  is  well  known  that  when  iron  bums  in 
contact  with  oxygen  a  very  great  developement  of 
heat  takee  place.  On  looking  into  an  ordinary  pud- 
dling furnace  during  the  time  of  balling,  the  iron  is 
seen  to  be  in  a  white  glow  where  it  is  exposed  to  the 
flame,  and  this  is  necessary  in  order  to  i-aise  the  tem- 
perature  in  a  very  short  space  of  time  to  the  welding 
point.  In  my  furnace  I  have  a  store  of  heat  in  the 
regeneratora  which  can  be  called  into  action  at  any 
moment,  to  produce  a  higher  deeree  of  heat  in  the  fu> 
nace,  aod  I  attribute  the  marKed  difference  in  the 
result  between  the  two  furnaces  mainly  to  that  circum- 
stance. I  have  several  reports  from  those  who  have 
used  these  puddling  furnaces,  and  they  all  agree  that 
the  yield  of  bar  iron  exceeds  the  weight  of  pig  iron  put 
in.  In  order  to  explain  my  views  more  fully,  I  should 
mention  that  the  carbon  and  the  silicon  wluch  chiefly 
leave  the  pig  metal  in  the  process  of  puddling  are 
substituted  chemically  by  iron  from  the  oxides  of  iron 
employed  as  fettling,  and  that  since  iron  has  a  greater 
atomic  weight  than  eiUier  of  those  substances,  it  follows 
that  for  every  pound  of  silicon  that  leaves  ihe  pig 
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metal  more  than  a  pound  of  iron  is  substitated,  and 
for  every  pound  of  carbon  that  leaves  the  pig  metal 
more  than  a  pound  of  iron  is  substituted.  Supposing 
tlie  jug  metal  to  contain  6  per  cent,  of  carbon  and 
4  per  cent,  of  siliotm,  the  weight  of  tiie  ohavge 
when  puddled  should  increase  nearer  eight  per  cenL, 
as  proved  in  my  pamphlet.  Mr.  BatBon,  oF  Leeds, 
told  me  yesterday  that  his  result,  taken  over  several 
months*  working,  is  an  increase  of  5  per  cent ;  whereas 
at  the  Bolton  Steel  and  Iron  Works,  and  at  works 
abroad  where  accurate  records  were  kept,  an  increase 
of  1  per  cent,  only  has  been  observed. 

414.  (Chairman.)  That  would  be  at  the  Monk 
Bridge  Works,  I  sappose  ? — At  the  Monk  Bridge  Iran 
Works. 

415.  (Sir  Willum  Armttrong.)  Tou  have  now  a 
gain.  What  was  the  loss  under  tike  old  system? — 'Btobi 
10  to  12  per  cent.,  I  suppose,  in  puddling  tiie  aame 
gr^  iron. 

416.  Then  your  total  gain  would  be  15  pw  cent  ? 
— ^Tes,  accordijag  to  the  last  results  I  have  obtuned. 

417.  {Mr,  Clark,)  That  ie  taken  from  the  fetdhig  ? 
— ^Yes  ;  but  the  total  amount  of  fettling  used  does  not 
notably  exceed  that  usually  employed.  In  the  case 
of  Mr.  Kitson  it  does  exceed  it  ;  he  used  six  hundred 
weight  of  fettling  to  the  ton  of  iron.  At  Bolton, 
however,  the  amount  of  fettling  used  while  those 
observations  were  taken  did  not  exceed  the  usual 
quantity.  But  the  difference  is,  that  the  ordinary 
puddling  furnace  produced  a  large  amount  of  ridii 
cinder ;  whereas  the  regenerative  gas  fiimace  produces 
a  much  smaller  amount  of  cinder. 

418.  (Mr.  Dickinson.)  Is  the  fettling  composed  of 
foi^e  cinder,  is  it  an  ore  <tf  iron  ? — It  is  eitiier  red 
ore  or  hunmer  scale. 

419.  Then  you  would  not  use  tiie  ordinaiy  fwge 
cindw  for  fettling? — Tes,  tiie  ibree  lunder;  but  I 
object  to  the  use  o£  puddle  cmder;  we  "  bull  dog." 

420.  On  account  of  ite  deteriorating  the  quality  of 
of  the  iron? — I  find  that  the  phosphorus  and  the 
sulphur  in  pig  metal  go  for  the  most  part  into  the 
cinder,  and  there  seems  to  be  a  certain  proportion 
which  cannot  be  exceeded ;  for  instance,  I  have  ob- 
served that  sulphur  has  diminished  to  about  onensixth 
in  puddling,  and  phosphorus  to  one-iburth  or  one-fifrh, 
but  the  remaining  proportion  of  phosphorus  and 
sulphur  in  the  metal  seems  to  balance  itself  to  the 
phosphorus  and  sulphur  already  absorbed  by  the 
dnder.  Now,  in  taking  the  puddling  cinder  after 
being  roasted  to  serve  again  as  fettling  in  tlie  same 
operation,  it  cannot  abstract  the  same  amount  of  these 
impurities  from  the  pig  iron  before  the  prnnt  of  rda- 
tive  saturation  is  rewwed.  On  that  account  the  em- 
ployment of  ^'buU  dog  **  to  any  large  extent  is  very 
objectionable^  I  consider. 

421.  (Ckairman.)  When  you  get  the  increase  in 
the  weight  of  pig  iron,  as  I  understand  it,  you  are 
using  either  the  red  hematite  or  these  red  oxides 
whi^  they  obtain  from  the  burning  of  the  sulphur 
ore  and  so  on,  for  fettling,  are  you  not  ? — Yes,  diose 
would  do,  or  tbe  hammer  scale. 

422.  (Mr.  Clark.)  And  in  consequence  you  diminish 
the  quantity  of  cinder  ? — I  diminish  tiie  quanti^  of 
cinder  coming  out.  I  leave  it  all  in  the  state  of  fron. 
But  I  believe,  imd  I  have  endeavoured  to  |Nrove  it  in 
this  communication,  that  in  the  ordinary  process  of 
puddlii^  the  cinder  is  also  converted  into  metallic  iron, 
to  begin  with,  and  necessarily  so,  and  therefore  in 
ordinary  puddling  the  sune  amount  of  cinder  has  to 
be  used  <mly  after  the  pig  iron  has  been  converted 
incomalleaue  iron,  and  after  the  silicon  and  the  carbon 
have  been  chemically  substituted  by  iron  in  the  mass. 
The  puddler  bums  something  like  15  or  20  per  cent 
of  the  total  amount  of  iron  he  has  in  his  Aimace  in 
order  to  produce  welding  heat. 

423.  That  is  when  he  lets  in  oxygen  ? — Tea  ;  ih&a 
he  reproduces  the  oxide  of  iron. 

424.  (Chairman.)  You  spoke  just  now  of  a  chemi- 
cal substitution  ;  is  not  it  rather  a  mechanical  sub- 
stitution which  had  taken  place ;  if  it  had  been  ft 
chemidd  substitution  I  suppose  it  would  have  been  in 
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B  36      equiTalents,  but  it  appears  to  be  tbe  subsUtution  of  a 
C.  W.  S^mem  substance  of  a  certain  weight  far  another  of  a  less 
Eaq',  F.R.S.  *  weight  ? — No  ;  I  mean  a  chemical  substitution  ;  an 
equivalent  amount  of  iron  is  aubstituted  for  the  silicon 
13  May  1869.         the  carbon  originally  combined  with  the  iron. 
■  425.  Equivalent  for  equivalent? — Equivalent  for 

equivalent;  but  as  the  atomic  weight  of  iron  is  greater 
than  the  atomic  weight  of  silicon  and  of  carbon,  it 
foUowB  that  there  must  be  an  increase  in  weight,  the 
atomic  weight  of  iron  being  =28,  that  of  silicon  =22-5, 
and  that  of  carbon  only  =6. 

426.  Yon  have  spoken  in  these  notes  that  I  had 
&om  you  of  iron  and  steel  forge  fui-naces  50  feet  long, 
and  capable  of  turning  out  20  tons  of  metal  per  day. 
Are  any  of  those  in  actual  use  ? — A  great  many ; 
notably  tme  furnace  at  Uie  Imperial  Works  at  Lorien^ 
in  France,  which  is  a  furnace  50  feet  long,  heated  uni- 
formly from  end  to  end,  used  for  heating  long  masses 
of  iron,  besides  similar  furnaces  for  heating  long  iron 
wire  rods  and  tubes.  I  have  a  considerable  number 
of  forge  iumaces  now  erected,  producing  r^larly 
24  tons  of  yield  per  24  hours,  and  there  is  a  consider- 
able saving  of  labour  and  in  forge  plant  in  the  em- 
ployment of  such  large  furnaces.  With  regard  to 
the  waste  of  iron,  I  find  that  this  is  reduced  from 
about  six  or  seven  per  cent,  in  the  ordinary  balling 
furnace  to  three  per  cent,  on  the  amount  of  iron 
charged.  It  may,  indeed,  be  taken  as  a  rule  that  the 
waste  of  iron  in  reheating  it  is  reduced  by  about  one 
half. 

427.  {3fr.  Gedde$.)  What  is  the  compai-ative  ad- 
vantage  or  saving  of  fuel  on  your  process,  as  compared 
with  the  existing  common  process,  for  a  ton  of  iron  ? — 
In  puddling  gi-ey  pig  iron,  the  saving  of  fuel  actually 
obtained  is  the  difference  between  24  or  25  hundred- 
weight, which  is  the  ordinary  consumption,  and  from 
15  to  16  hundredweight.  Mr.  Kitsou  informs  me 
that  he  used  15  hundredweight  of  coal  per  ton  of 
iron  produced  in  puddling  grey  iron  when  in  fair 
working  coudition.  In  reheating  the  iron,  in  order  to 
work  it  further,  he  used  5^  hundredweight  of  coal 
to  a  ton  of  iron  reheated.  Mr.  Clay,  on  a  former 
occasion,  informed  me  that  his  consumption  in  the 
regenerative  gas  furnace  at  the  Mersey  Forge  was 
6f  hundredweight  of  fuel  per  ton  of  iron,  as  against 
from  12  to  13  hundredweight  of  superior  coal  used 
in  his  ordinary  furnaces,  but  this  was  a  furnace  con- 
structed three  years  ago.  At  present  the  result  has 
improved  to  the  extent  of  from  6|  hundredweight  to 
Sjf  hundredweight.  Mr.  Owen,  or  Rotherham,  gave 
me  some  data  the  other  day.  He  sa^s,  in  comparing 
the  cost  of  fuel  per  ton  of  iron,  that  it  has  diminished 
from  15«.  to  5x.  per  ton  of  iron  formed  into  wheels. 
He  says,  in  his  letter :  "  The  ordinary  reheating  fur- 
nace is  now  as  15  to  5  in  favour  of  the  gas  furnace." 
Mr.  Bamsbottom,  of  Crewe,  wrote  tome  some  years  ago, 
after  he  had  established  his  first  gas  furnace,  a  letter, 
in  which  he  says  :  "I  have  much  pleasui*e,  however, 
in  stating  to  you  that  we  have  had  your  furnace 
constantly  at  work  since  November  last,"  (this  is 
October  of  the  following  year,)  "  and  during  that 
time  it  has  not  cost  us  in  repairs  more  than  2/.  5«. 
The  quantity  of  fuel  it  consumes,  as  compared  with 
other  furnaces  in  the  same  forge  doing  somewhat 
similar  work,  is  about  one  half,  and  taking  the  inferior 
quality  into  account  the  cost  the  fuel  used  is  little 
more  than  one  third."  So  that  all  results,  where 
accnrate  oompariaons  have  been  made,  seem  to  agree 
that  the  consumption  of  fhel  Is  reduced  to  between 
one-half  and  one-third,  and  that,  moreover,  the  waste 
of  metal  is  reduced  by  one-half. 

428.  {Mr.  JOickinson.)  Can  you  say  whether  with 
this  furnace  you  are  enabled  to  use  coal  which  has 
an  admixture  of  dirt  with  it,  which  would  not  be  so 
adaptable  to  an  ordinary  furnace,  provided  the  dirt  is 
free  from  sulphur  ? — We  use  very  small  coal  and  in- 
ferior fuel  in  many  cases. 

429.  I  speak  more  of  coal  which  has  an  admixture 
r.f  shale  with  it,  and  which  is  now  sometimes  thrown 
to  waslo  underground,  and  not  brought  out  of  the 
mines  in  consequence  of  the  admiztnre  of  dirt  ?— In 


another  pai*t  of  my  evidence  I  shall  speak  on  this 

subject 

430.  {Sir  ff.  Ar matron ff.)  Are  these  new  puddling 
furnaces  extensively  in  use  now  in  England  ? — There 
are  not  above  a  dozen  in  use  at  present;  but  there  are 
many  more  building. 

431.  How  long  have  they  been  at  work  ? — The 
one  that  has  been  the  longest  at  work  is  at  the  Bolton 
Forge. 

432.  How  long  has  that  been  at  work  ? — That  has 
been  two  years  at  work  now. 

433.  Then,  for  something  like  a  year,  at  any  rate, 
you  have  had  a  good  many  at  work  ?— Yes ;  taking 
both  those  in  this  country  and  abroad. 

434.  Have  you  had  uniformly  aatisfhctory  accounts 
of  all  of  them  ? — ^Very  satisfactory  accounts. 

435.  Because  one  can  hardly  understand  how,  with 
so  great  a  saving  as  you  point  out,  they  have  not  been 
univeroally  adopted  ? — I  don't  know,  I  am  sure. 

436.  The  advantage  seems  so  enormous  that  bow 
any  persons  having  the  old  furnaces  can  compete  with 
those  who  have  the  new  one  cannot  very  clearly 
understand  ? — The  relative  profit  of  those  who  use  the 
new  furnaces  must  be  very  great,  I  think.  At  present  I 
am  erecting  several  works  entirely  on  my  plan,  in 
one  place  I  am  erecting  a  complement  of  as  many  as 
200  furnaces. 

437.  Can  you  give  about  the  cost  of  a  furnace  ? — 
A  forge  erected  with  gas  furnaces  is  certainly  not 
more  expensive  than  a  forge  erected  upon  the  ordinaiy 
plan,  because  what  extra  expense  is  incnrred  on 
account  of  the  erection  of  the  furnaces  is  amply  saved 
in  covered  space,  and  in  obtfuning  a  greater  amount  of 
work  from  a  given  plant. 

438.  {Chairman.)  If  I  remember  rightly,  I  think 
you  stated  in  your  former  evidence  that  the  first  cost 
of  one  of  your  furnaces  was  considerably  above  that 
of  on  ordinary  furnace  ? — ^Yes;  the  first  cost  is  fully  one 
third  higher. 

439.  {Sir  William  Armstrong.)  Does  that  include 
the  chambers,  and  all  the  apparatus  for  tlie  valves,  and 
soon  ? — If  you  take  a  single  tiimace,  of  a  given  capacity, 
the  cost  would  be  fiilly  double ;  but  the  gas  furnace 
does  30  per  cent  more  work  ;  which  reduces  the 
extra  cost  against  gas  furnaces  to  one  third. 

440.  We  are  spei^ng  more  particularly  now  of  the 
puddling  furnaces.  Do  your  observations  apply  to 
them  or  to  the  heating  furnaces  ? — They  apply  to  both 
kinds  of  furnaces  equally. 

441.  The  first  cost  of  a  puddling  furnace  would  be 
double  the  cost  of  an  ordinary  one  ;  is  that  the  whs 
you  put  it  ? — That  question  is  not  so  simply  answered. 
If  one  puddling  furnace  was  erected  with  gas,  and 
another  in  the  ordinary  way,  the  gas  furnace  would 
cost  double  the  other  ;  but  if^a  number  of  gas  furnaces 
were  erected  and  a  block  of  producoi's,  then  the  com- 
parison of  cost  would  be  less  unfavourable  as  regards 
the  gas  furnaces. 

442.  But  supposing  the  producers  and  the  chambers, 
and  apparatus  of  all  kinds  to  be  erected  under  tbe 
most  favourable  conditions  in  blocks,  do  you  consider 
that  the  cost  would  not  be  more  than  double  the  cost 
of  an  ordinary  puddling  furnace  ? — ^It  would  be  con- 
siderably less, 

443.  The  first  cost  would  be  less  than  double  ?— Yes; 
and  in  erecting  a  fbige^calculated  to  produce  a  ^ven 
yield  of  iron  per  annum,  the  cost  fomaces  will  ex- 
ceed that  of  <mlinaiy  fbrnaces  by  one  third ;  but  a  whole 
forge  will  not  cost  more  vrith  gas  than  in  erecting  it  in 
the  ordinary  way,  because  comparatively  few  fhmacos 
of  great  capacity  are  required,  taking  up  much  less 
room  in  the  forge,  and  saving  general  plant. 

444.  What  would  be  the  cost  of  altering  an  existing 
puddling  furnace,  and  adapting  It  for  gas  ? — It  would 
have  to  be  pulled  down  entirely,  and  re-erected. 

445.  {Mr.  Clark.)  As  regards  space  and  arrangement 
in  an  old  works,  could  you  replace  an  existing  puddling 
furnace  by  one  of  your  own  without  displacing  every- 
thing, bearing  in  mind  that  there  is  generally  very 
little  room  to  spare,  and  tliat  the  puddling  fUrnacea  are 
generally  aa  near  as  poiwdble  to  one  another?— -I  &e- 
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quently  have  to  do  so.  I  take  down  two  or  three  fur- 
nacee^  and  put  gas  furnaces  in  their  stead;  tJiat  is 
rather  expensim  But  there  is  always  space  euongh 
for  a  gas  furnace  where  an  ordinary  iumace  stan&, 
because  a  gas  furnace  takes  up  less  room  in  the  shop. 
But  in  putting  down  gas  furnaces  to  a  whole  foi^  I 
would  materially  change  the  arrangement  and  position 
of  the  furnaces,  and  thereby  obtain  considerable  advan- 
tages as  regards  space  and  producing  power. 

446.  But  that  would  not  inTolre  altering  the  ma- 
chinery of  the  foi^e,  altering  the  rolling  machinery, 
and  so  on,  of  coarse  ? — ^No,  but  the  same  machinery 
would  be  brought  more  nearly  up  to  its  full  working 
capacity. 

447-  ( Chairvum.)  You  speak  of  the  production  of 
cast  steel  by  the  new  process  in  large  masses  as 
being  effected  by  your  aixangcment  with  great 
economy  ? — That  is  an  application  of  the  gas  furnace 
which  I  hare  had  in  view  for  many  years,  and  which 
has  at  last  been  successfully  carried  through.  I  have 
now  erected  a  number  at  furnaces  where  scrap  iron, 
scrap  steel,  and  pig  metal  are  melted  in  large  masses^ 
producing  cast  steel  of  a  very  superior  quality,  and  at 
a  very  moderate  cost.  I  also  have  experimented  for 
some  years  to  produce  cast  steel  in  large  masses  from 
ore  and  pig  metal  combined,  but  this  process  is  only 
now  in  course  of  being  carried  out  on  a  large  scale. 

448.  (Mr.  Dickinson.')  I  think  that  was  previously 
attempted  by  a  chemist  some  years  ago  in  Cleator,  or 
that  neighbourhood  P — Both  these  processes  have  often 
been  attempted,  and  I  attribute  the  better  results  I 
have  obtuned  chiefly  to  the  regenerative  gas  furnace, 
which  enables  me  to  attain  any  degree  of  heat  in  a 
large  fuiiiace  without  strong  draughts  and  dust,  which 
would  destroy  both  the  brickwork  and  the  metal  itself. 
I  have  fVequendy  seen  a  mass  of  from  3  to  4  tons  of 
fluid  inm  or  mild  steel,  with  a  bright  rilvery  surface,  on 
the  hearth  of  one  of  my  furnaces,  without  any 'protect- 
ing covering. 

4^.  (CAoirflMui.)  Before  we  leave  the  question  of 
iron  I  should  like  to  put  one  general  question.  We 
are  now  using  in  the  mani^actui-e  of  iron  from 
25,000,000  to  28,000,000  tons  of  coal  per  annum. 
Do  you  suppose  that  by  the  application  of  your  process 
as  used  at  present,  or  by  any  modifications  of  it,  you 
would  be  enabled  to  reduce  that  consumption  of  coal 
one  half,  supposing  it' applied  in  the  manufacture  of 
iron  generally  ? — I  believe  it  would  be  brought  down 
to  one  half  if  these  processes  were  carried  systemati- 
cally through,  and  if  steel  be  included  under  the 
general  bead. 

450.  {Mr.  Clark.)  *'  These  processes  "  meaning  the 
regeneraUve  furnace  and  the  puddling  furnace  ?-- Yes, 
and  processes  of  manufacture  connected  therewith. 
In  the  case  of  a  blast  furnace  the  saving  would  be 
very  much  less.  The  r^neratora  have  been  implied 
by  Mr.  Cowper  and  Mr.  Whitwell  for  heating  the 
blast,  under  an  arrangement  with  me,  with  great 
advantage;  but  I  believe  the  saving  there  does  not 
exceed  5  hundredweight  per  ton  of  iron. 

451.  {Mr.  Geddeg.)  Of  pig  iron  ? — Yes,  of  pig  iron. 
But  in  all  processes  between  the  blast  furnaces  and 
the  finished  article  I  would  expect  a  saving  fully 
equal  to  one  half,  reaching  up  to  80  per  cent,  in 
melting  steel. 

452.  {Mr.  Woodkoute.)  But  it  has  no  effect  at  all 
upon  the  fbel  consumed  in  the  blast  furnace  itself?— 
The  regenerative  stove  produces  a  blast  of  a  higher 
temperature. 

453.  The  blast  is  supplied  to  the  tuyeres  at  a  higher 
temperature  ? — Yes. 

454.  {Mr.  Clark.)  That  refbrs  to  the  blast.  What  is 
it  with  regard  to  the  furnace  ?— That  is  supposing  the 
blast  furnace  remains  tho  same.  Whether  we  shtdl 
eventually  smelt  iron  in  an  open  furnace,  and  leave 
the  blast  furnace  altogether,  is  a  question  of  great 
importance  whidi  it  would  be  premature  to  give 
evidence  upon. 

455.  Your  economy  at  present,  as  regards  the  blast 
furnace,  is  confined  to  the  blast,  is  it  not  ?— It  is 
cmflned  to  the  blast, 


456.  {Mr.  JVoodhaute.)  Do  you  know  the  highest       B  37 
temperature  at  which  the  blast  is  at  present  applied  in  C.  W.  SUmau, 
the  furnace  ? — ^Fourteen  hundred  d^rees  Fahrenheit,    ^*<l->  ^-  ^-S. 

457.  {Chairman.)  That  would  be  the  same  as  is  ^ — 
stated  to  be  produced  by  some  other  arrangements ; 
Whitwell's,  ^fbr  example? — Wliitwell  has  con- 
stiiicted  his  stove  aoiording  to  data  with  which  I  and 

Mr.  Cowper  supplied  him  ;  but  be  has  modified  the 
an-angement  of  the  regenerator  in  such  a  way  that  the 
dust  can  be  easily  cleaned  out.  The  same  kind  of 
stove  had  been  previously  applied  by  Mr.  Cowper 
at  works  in  Middleaborough,  and  there  I  had  occasion 
to  learn  the  results  I  mentioned. 

458.  {Sir  William  Armstrong.)  The  ordinary  tem- 
perature of  the  blast  is  about  1,000  degrees,  is  not  it, 
and  that  is  high  ?— 600  degrees  is  the  old  limits 

459.  600  degrees  would  be  low  ? — 600  degrees,  I 
believe,  is  the  ordinary  temperature  with  the  old 
arrangement,  but  of  late  higher  temperatureB  have 
been  reached. 

460.  What  is  tbe  most  ordinary  ;  we  will  say  800 
degrees,  if  you  like  ? — ^I  think  in  the  Cleveland  district 
it  is  800,  or  even  more. 

461.  What  do  you  suppose  would  be  the  saving  of 
fuel  per  ton  of  iron  in  smelting,  by  using  a  blast  heated 
to  1,400  degrees,  iustead  of  one  heated  only  to  800  de- 
gree ? — I  believe  the  saving  would  exceed  5  hundred- 
weight of  coke  to  the  ton  of  iron. 

462.  What  is  tlie  minimum  consumption  of  fuel  in 
smelting  iron,  in  cases  where  the  blast  is  used  at  so 
high  a  temperature  as  1,400  degrees  ? — I  think  from 
25  or  26  hundredweight  of  coke  to  a  ton  of  iron  in  a 
result  with  a  blast  of  1,000  degrees  hot,  and  ore  con- 
taining 40  per  cent,  of  iron ;  that  is  the  result  obtained 
at  Cleveland,  I  beliove. 

463.  Then  what  is  it  with  a  blast  of  1,400  degrees 
hot  ? — I  have  no  exact  data  to  enabte  me  to  say. 

464.  Are  we  to  infer  that  the  reduction  would 
be  as  much  as  5  hundredweight.  I  think  yon  said 
just  now  that  there  would  be  5  hundredweight  of  fiiel 
saved  ? — lliat  was  what  was  saved,  I  was  informed, 
in  raising  the  blast  from  800  to  1200  decrees  at  Messrs. 
Coclirane's  works  at  Middlesborough. 

465.  That  would  bring  down  the  consumption  to 
20  hundredweight  per  ton  of  iron,  would  it  not  ? — I 
believe  the  previous  consumption  had  been  about  28 
hundredweight  in  that  furnace,  and  was  reduced  to 
22  hundredweight, 

466.  Is  not  28  hundredweight  an  extravagant  con- 
sumption ?— No ;  I  believe  it  is  a  very  ordinary  con- 
sumption. 

467.  {Mr,  Clark.)  You  spoke  of  large  masses  of 
oast  steel.  Are  yon  at  tliis  present  time  prodndug 
lai^e  masses  of  cast  steel  ? — 'i es. 

Of  two  or  three  tons  ? — Three  or  four  tons  at 
a  time.  It  has  been  done  at  the  Bolton  Steel  and  Iron 
Works  ;  it  is  also  now  at  work  at  the  Crewe  Works, 
and  at  works  which  I  have  lately  erected  at  Swansea. 

469.  Have  you  reached  these  quantities  at  Swan- 
sea ? — At  Swansea  they  are  working  3-ton  charges. 
The  furnace  is  capable  of  turning  out  4-ton  charges, 
but  we  are  not  fully  at  work  yet. 

470.  {Mr.  Wbodkouse.)  You  mentioned  30  hundred- 
weight of  coke  per  ton  as  being  used ;  is  that  from  the 
small  dust  of  the  North  of  England  coal  washed  ;  is  it 
the  oven  coke  of  the  North  of  England  It  is  the 
ordinary  coke  used  at  Middlesborough. 

471.  {Mr.  Dickinson.)  That  is  some  of  the  finest 
coke  that  is  made  in  this  kingdom,  is  it  not  ?— I 
suppose  it  is. 

472.  {Chairman.)  Yon  speak  in  this  paper  of  the 
economy  effected  in  other  branches  of  metoUui^,  tlie 
zinc  processes,  for  example.  Has  the  use  of  the  regene- 
rative furnace  effected  much  saving  in  the  distillation 
of  zinc  by  the  Silesian  or  Belgian  process  ? — I  believe 
it  has.  As  yet  there  is  only  one  firm  in  this  country 
using  my  furnaces  largely  for  the  distillation  of  zinc, 
and  their  furnaces  are  on  the  Silesian  plan,  which  in 
itself  is  less  economical  than  the  Belgian  plan  as 
regards  fuel.  Ther^  Mr.  Evan  Richards,  M.F.,  the 
moni^Dg  partner,  told  me  that  a  saving  of  40  per  cent, 

k 


Digitized  by 


250 


ON  WASTE  IN  COUBUSTION. 


B38  of  fuel  had  been  practically  realiBed,  but  that  the  other 
C.  W.  SiemtrUf  advantages,  snch  as  saving  in  repairs  of  furnaces,  sav- 
Etg^  FJt.S  ijjg  retorts  and  a  better  yield  of  rinc  ontwoghed  the 
13  Uxr  1869  °f         Another  advantage  is,  that  so  many 

*  as  56  lu-ge  £Hle8iaa  retorts  ure  placed  into  <me  fbmace, 
instead  of  less  than  one  half  that  nnmber,  which  were 
formerly  put  together  into  an  ordinary  furnace.  I 
am  now  carrying  out  furnaces  on  the  Belgian  system 
with  a  much  lai-ger  number.  I  will  give  the  Commis- 
sion the  exact  number. 

473.  It  is  to  hold  280  Belgian  retorts,  is  it  not? — 
There  are  to  be  280  retorts  in  one  furnace. 

474.  You  will  be  able  to  pat  in  56  Silesian  or  280 
Belgian  retorts  ? — Yes. 

475.  You  have  not  applied  your  r^enerative 
furnace  to  the  smelting  of  zinc  by  any  other  than 
tiiose  two  processee,  have  you  ? — Not  yet ;  but  I  have 
prepared  plans,  which  are  about  to  be  carried  out,  ibr 
making  the  distillation  continaoua.  The  regmerativo 
gas  furnace  enables  me  not  only  to  carry  oat  opera- 
tions on  a  large  scale,  but  in  many  cases  to  make 
them  continuous  where  they  had  to  be  intermittent  in 
their  action  before,  because  the  retorts  resist  the 
action  of  the  heat  so  much  longer,  and  the  heat  is  so 
equally  divided  over  a  very  large  space. 

476.  To  copper  fiirnaces  you  have  not  yet  applied 
the  regenerator,  I  think  ? — Not  to  copper  furnaces. 

477.  You  mentioned  plate  glass  furnaces  containing 
24  and  28  cisterns  each,  instead  of  from  12  to  14  ; 
there  of  course  there  will  be  a  large  economy  of  fuel  ? 
—Yes ;  there  is  a  large  economy  of  fiiel,  and  there  are 
several  other  advantages,  in  saving  of  labour,  and  in 
saving  of  wear  and  tear  of  pots.  I  have  received  a 
report  on  the  results  obtained  at  Jenmont ;  that  is  one 
of  the  largest  plate  glass  works  I  have  erected  on  my 
plan.  superintending  engineer  sa^  "I  have 
measnred  the  consumption  of  coal  at  Jeumont,  and 
find  that  we  work  very  economically  ;  in  the  old 
furnace  they  bum  10,000  kilogrammes,  and  we  have 
now  burnt  3,600  kilogrammes  in  24  hours ;  besides  that 
we  have  diminished  the  number  of  men;  and  instead 
of  paying  35  francs  10  centimes  per  day  wo  pay  only 
21  francs  20  centimes." 

478.  You  then  particularly  mention  the  ulterior 
result  of  the  gas  furnaces  being  the  utilization  of 
inferior  descriptions  of  fuel ;  that  would  be  a  reply  to 
the  question  Hr.  Dickinson  asked  you  just  now.  Will 
you  kindly  give  us  some  information  upon  that  point  ? 
—As  I  expulned  before,  the  degree  of  heat  obtainable 
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in  the  furnace  is  in  no  way  connected  witii  the  nature 
of  the  fuel  used,  so  long  as  gas  can  be  extracted  from 
that  fuel ;  but  snfierior  fhel  yields  a  anpply  of  gas  more 
readily  than  an  inferior  fuel,  and  conmderwle  ex- 
perience had  to  be  collected  in  order  to  enable  me  to 
eonsti-uct  gas  producers  for  the  distillation  of  inferior 
kinds  of  fuel.  I  have  now  succeeded  in  producing 
gas  £r<Hn  imperfecUy  dried  peat,  and  inferior  lignites 
of  a  quality  suitable  for  melting  steel,  for  iron  opera- 
tions, or  in  fact  for  any  operation,  and  also  in  evolving 
suitable  gas  from  coal  dust,  the  siftings  from  steam 
coal,  for  instance.  At  first  there  was  a  difficulty  in 
distilling  tiie  gas  from  this  description  of  fuel  witiiout 
clogging  the  grates,  but  b^  arranging  the  apparatiu 
differently  we  find  no  practical  difficulty  in  using  those 
fuels.  In  many  cases  the  large  deposits  of  fuel  of  an 
inferior  kind  near  the  mines  might  be  used  with  ad- 
vantage for  raising  gas,  and  tunnels  might  be  o6n- 
ati-uctod  to  convey  that  gas  through  eonsidetiible 
distances  to  the  works.  I  would  even  go  so  far  as  to 
recommend  the  placing  of  gas  producers  at  the  bottom 
of  coal  mines,  eepedally  of  partially  or  entirely 
worked  out  mines.  If  that  were  done  the  gas  in 
rising  to  the  surface  would  acquire  a  very  great  onward 
pressure  which  would  press  it  forward  to  places  at  a 
distance  of  several  miles  where  works  were  established. 
The  possibility  of  putting  gas  producers  under  ground 
has  been  practically  illustrated  at  theMersey  Steel  and 
Iron  Works,  where  the  gas  producers  are  placed  in  a 
tunnel  below  the  works,  because  there  was  no  room 
to  place  them  on  the  level  of  the  works. 

479.  {Mr.  IHckinson.)  Can  the  shales  which  are 
sometimes  used  for  making  oil  be  used  in  this  furnace  ? 
— ^I  have  not  used  shales,  although  I  have  no  doubt 
that  liiey  could  be  used  for  this  purpose. 

480.  (Chairman.)  Yoa  spoke  of  using  peat  Gene- 
rally speaking,  we  get  a  tolerably  pure  gaa  ibom  peat. 
Yon  also  spoke  of  using  Ignite.  Now  such  a  lignite 
as  that  at  Bovey  Tracey  appears  to  contain  so  lai^ 
a  quantity  of  sulphur  that  you  would  get  a  sulphur- 
etted hydrogen  ;  that  of  course  would  be  injuroos  to 
you  ?  —  That  would  be  injurous  for  metallurgical 
processes  ;  and  I  recommend  in  such  cases  to  pass  the 
gas  over  trays  filled  with  water,  in  order  to  condense 
aa  much  of  the  sulphurous  acid  or  sulphuretted 
hydrogen  as  possible  ;  and  to  condense  at  the  same 
time  aqneons  vapour,  which  is  also  a  vety  olge(^onable 
constituent  of  gas,  in  heating  iron  or  steeL 

withdrew 
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18  May  1869.      481.  {Chairman,)  I  believe  yon  are  well  acquainted 
■    '  ■  -  ■     with  the  operation  of  blast  furnaces  ;  you  have  had 
considerable  experience  in  the  matter  ? — am  pretty 
well  acquainted  with  the  manufacture  of  iron. 

481a.  A  question,  or  rather  a  conversation,  arose  on 
the  examination  of  Mr,  Lothian  Bell,  with  regard  to 
some  result  which  Sir  William  Armstrong  produced 
at  that  time  with  reference  to  some  experiments 
which  I  believe  you  have  been  carrying  forward  on 
the  blast  furnace.  Will  you  favour  us  with  that  paper 
as  evidence  or  with  any  information  thereon  ? — I  can 
tell  you  roughly  tbe  experiment  that  we  did  make. 
-  482,  {Sir  William  Armstrong*)  With  the  view  of 
determining  what  ? — ^With  the  view  of  deteimining 
the  amount  of  heat  that  we  consumed ;  in  fact 
accounting  for  the  fuel  that  was  used  in  the  blast 
furnace. 

488.  And  showing  the  margin  for  farther  economy? 
— Yes  ;  showing  the  margin,  in  a  certain  degre^  for 
further  economy.  We  had  tho  whole  of  the  material 
that  was  charged  into  the  furnace  weighed  for  the 
whole  of  the  pay, — that  is,  a  fortnight ;  and  we  also 
weighed  carefully  the  whole  of  the  material  that  was 
produced.  We  found  that  for  the  averi^e  of 
that  pay  we  consumed  per  day  125  tons  of  c^cined 
ore,  63  tons  of  cok^  28  tons  of  lim^  which  was  a 
mixture  of  partly  of  carbonate  of  lime  uid  partly  of 
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eauBtic  lim^  and  325  tons  of  air.  The  actufd  quan- 
tify of  air  pumped  was  considerably  greater,  but, 
after  a  consultation  with  Mr.  Bell  (and  in  fact  I 

found  his  results  agree  pretty  well  with  my  own 
calcidations),  I  allowed  16  per  cent,  for  waste,  for 
leakage  in  the  stoves,  for  leakage  in  the  pipes,  ood 
for  various  other  things.  Of  course  in  entering  into 
a  calculation  of  the  amount  of  lieat  produced  it  is 
necessary  to  consider  the  constitution  of  the  ore  used. 
The  materials  charged  into  the  furnace  per  day  I 
found  might  approximately  be  taken  as  of  the  follow- 
ing composition  :  peroxide  of  iron,  about  68  ttms  ; 
silica,  lune,  alumina,  uid  other  non-volatile  ingre- 
dients in  the  ore,  about  56  tons  ;  watei',  sulphur, 
phosphorus,  &c.,  6^  tons;  ash  in  the  coke,  6  tons;  and 
ume  about  20  tons.  These  chaises  gave  rise  to  50 
tons  of  iron  and  a  little  ov^  90  tons  of  slag.  We 
now  proceed  to  determine  how  the  carbon  in  tho 
coke  was  disposed  of.  Of  the  57  ttms  of  coke  used 
(because  yon  must  deduct  the  aah),  about  two  tons 
entered  into  combination  with  the  iron,  the  remaining 
55  tons  passed  out  of  the  mouth  of  the  furnace,  either 
in  the  form  of  carbonic  oxide  or  of  carbouic  acid. 
Since  I  first  made  this  investigation,  I  have  ^tered  the 
analyses  of  the  gases,  because  Mr.  Bell,  from  a  very 
careful  series  of  experiments  he  has  made  with  iron 
of  very  nearly  the  same  compoaiticai,  found  that  the 
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proportion  of  carbonic  ncid  to  carbonic  oxide  varied 
considerably  from  what  was  ordinarily  snpposed.  Aa 
far  as  I  can  make  out,  then^  the  carbonic  oxide  and 
the  carbonic  acid  in  the  waste  gases  are  on  the 
average  in  the  ratio  of  1  of  the  carbonic  acid  to  li  of 
the  carbonic  oxide.  These  two  gases,  therefore, 
absorbed  carbon  in  the  proportion  of  about  16  tons 
to  the  carbonic  acid  and  of  about  39  tons  to  the 
carbonic  oxide,  while  the  weights  of  the  gases  them- 
selves are  about  60  tons  of  carbonic  acid  and  about 
90  tons  of  carbonic  oxide.  Disregarding  the  gases 
of  minor  importance,  the  general  compositiou  of  the 
tunnel  head  gases  given  off  per  day  I  fbnnd  to  be 
about  250  tons  of  nitrogen,  90  tons  of  carbonic  oxide, 
and  69  tons  of  carbonic  acid.  We  then  arrived 
roughly  at  the  amount  of  the  heat  generated,  by  con- 
sidering that  these  16  tons  of  carbon  which  are  burnt 
to  carbonic  acid  give  rise  to  about  519,680,000 
British  units  of  heat,  while  the  39  tons  of  carbon 
burnt  to  carbonic  oxide'gave  rise  to  about  384,384,000 
British  units  of  heat.  To  that  heat  given  off  we 
have  to  add  the  heat  we  supply  to  the  fbrnace  in  the 
shape  of  heated  gases.  Now  825  tons  of  air  heated 
to  about  900^  F^renheit  (that  is  perhaps  ratheralow 
limit,  lower  than  usual^ — our  temperatures  vary  con- 
siderably, but  are  generally  somewhere  between  900 
and  1000)  would  give  160,000,000  units  to  be  added 
to  the  fbnner,  making  a  total  of  1,066,000,000  units 
of  heat  produced.  We  have  now  to  consider  the 
work  which  this  heat  performs,  and  the  first  operation 
is  that  the  68  tons  of  peroxide  of  iron  is  reduced,  and 
it  is  considered  that  the  reduction  of  a  ton  of  peroxide 
of  iron  to  the  metallic  state  absorbs  5,194,440  units, 
or  a  total  of  353,222,000  units.  Now  we  draw  from 
the  furnace  50  tons  of  iron  during  the  day,  and  these 
50  tons  of  iron  absorb  about  66,000,000  units  of  heat. 
Then  90  tons  of  slag  also  give  rise  to  199,800,000 
units  of  heat,  l^e  waste  gases,  again,  absorb 
320,000,000  units  of  heat,  and  the  total  quantity  of 
heat  absorbed  is  938,772,000  units  of  heat  against 
1,066,000,000  units  produced;  that  leaves  about 
130,000  units  of  heat,  or  10  per  cent,  of  the  whole 
quantity,  unaccounted  for.  This  quantity  of  course 
performs  a  great  deal  of  work  which  it  would  be 
rather  too  minute  to  go  into  ;  amongst  other  things, 
keeping  up  the  temperature  of  the  blast  furnace,  which 
parts  with  a  great  deal  of  heat  by  radiation  and  so  on. 
It  will  be  observed  too  that  in  thus  accounting  for  the 
total  work  done  in  the  furnace  we  are  neglecting  the 
waste  gases,  because  we  have  only  considered  them  as 
burnt  to  carbonic  oxide  ;  but  in  most  blast  fiimacea 
in  the  north  this  carbonic  oxide  is  afterwards  utilized. 
No  less  than  about  two  thirds  nearly  of  the  tot^ 
quantity  of  heat  capable  of  being  produced  by  the 
coal  goes  of  with  the  waste  gases. 

484.  {Sir  William  Armstrong.)  Two  thirds  of  the 
heat  produced  in  the  furnace  ? — No ;  two  thirds  of 
the  heat  the  coal  is  capable  of  producing  goes  off  in 
the  waste  gases,  but  then  that  is  aflerwa^s  utilized 
if  the  gases  are  burnt,  X  made  a  check  of  that  by 
taking  the  quantity  of  water  evaporated,  and  also 
taking  the  temperature  at  which  the  products  of 
combustion  escape  fi-ora  the  boilers,  but  I  have  not 
had  time  to  have  these  calculations  all  checked,  but 
when  I  correct  my  evidence  I  shall  put  these  figures 
in  addition.  I  think,  speaking  from  memory,  the  90 
tons  of  carbonic  oxide  which  escape  from  the  throat 
of  the  blast  furnace,  and  are  afterwards  burnt,  are 
capable  of  producing  about  2,000,000,000  units  ik 
heat,  but  I  am  speaking  from  memory, 

485.  {Chairman.)  You  speak  of  two  thirds  of  the 
heat  obtainable  from  the  coal  passing  off  with  the 
gases  from  the  furnace  ? — ^Yes. 

486.  When  these  gases  are  utilized,  how  much  of 
that  heat  is  restored  and  becomes  practically  avail- 
able ? — When  I  made  the  experunent  to  which  I 
alluded  just  now  I  found  that  daring  the  day  we 
evaporated  45,690  gallons  or  about  204  tons  of  water. 
Now  the  above  quantity  of  water,  being  evaporated  at 
a  temperatiu-e  of  280  degrees,  with  the  fuel  water 
for  this  special  experiment  at  46  d^rees.  is  equivalent 

K  I 


to  about  545,000  lbs.  of  water  evaporated  at  a       B  3Q 
temperature  of  212  degrees.    It  is  true  that  the  CapLA.No6ie, 

carbonic  oxide   is  capable  of  evaporating  shout   

2,000,000  lbs.  of  water,  but  to  this  work  done  by  1869' 

the  waste  gases  must  be  added  the  heat  returned     '  —  — — 

to  the  furnace  by  the  heated  air  blown  in  at  the 

tuyeres,  and  also  the  heat  commenced  by  nusing 

the  nitrogen,  carbonic  acid,  air,  &c,  introduced 

with  the  carbonic  oxide,  to  the  high  temperature  at 

whioh  these  gBses  esc^  from  the  boUer.    I  have 

made  experiments  to  determine  the  amount  of  this 

consumption  of  heat  j  but,  owing  to  a  press  of  work, 

I  have  been  unable  to  complete  the  necessary  calcu. 

lations. 

487.  {Sir    William  Armstrong.)  Approximately,  ' 
how  much  is  it  ? — I  cannot  tell  you  approximately. 

488.  Then,  in  the  absence  of  these  calculations  you 
are  now  speaking  of,  can  you  state  what  the  ultimate 
waste  is  ? — I  do  not  think  we  waste  very  much. 

489.  What  per-centage  would  suppose  the  lose 
amounts  to  ? — We  do  not  waste  any,  as  regards  the 
operation.  It  is  necessary  at  all  events,  while  the 
present  process  of  smelting  is  followed,  to  have  the 
carbonic  oxide  in  great  excess  for  the  redaction  of 
the  iron. 

490.  You  use  the  whole  of  the  carbonic  oxide 
from  the  furnaces  ? — ^Yes. 

491.  It  is  all  utilised  ?— Yes,  the  whole  of  it  is 

utilised. 

492.  Do  you  use  any  fuel,  in  addition,  for  the 
mechanical  purposes  ? — Only  a  very  trifling  quantity. 
It  very  much  depends  upon  the  state  of  the  fumaco, 
and  how  the  furnace  is  working.  There  is  a  very  large 
difference  in  the  proportions  of  carbonic  oxide  and 
carbonic  acid  coming  off  in  a  very  short  time. 

493.  If  you  use  the  whole  of  your  carbonic  oxide 
there  is  no  actual  waste  P — None  ;  although  it  may 
not  always  bo  applied  in  the  most  economical  manner. 

494.  The  question  then  seems  to  be,  could  you  by 
any  process,  by  increasing  the  height  of  the  furnace, 
or  modifying  its  conditions  in  any  oUier  way,  make 
the  quantity  of  iron  produced  liu^er  in  relation  to 
the  quantity  of  fuel  expended  ? — Thjoca  is  no  doubt 
a  saving  to  be  effected,  but  I  do  not  think  it  is  likely 
to  be  very  great.  It  seems  to  be  that  all  you  wiU 
gain  by  raising  the  furnace  higher  will  be  robbing 
the  waste  gases  of  their  heat,  aud  utilizing  that. 

495.  That  would  be  using  the  heat  in  the  furnace 
instead  of  using  it  for  the  purpose  of  raising  steam  ? 
—Yes,  to  a  certain  extent ;  but  then  the  gas  is  con- 
siderably cooled  before  it  gets  to  the  boiler. 

496.  It  would  raise  less  steam,  by  being  used  at  a 
lower  temperature  ? — Yes ;  but  the  pipes  are  always 
very  hot,  mid  there  is  always  a  very  considerable  Ioes 
from  radiation. 

497.  But  it  would  be  an  advantage,  I  presume,  if 
you  conld  use  a  larger  prc^mrtion  of  die  heat  in  the 
flirnace  and  a  less  proportion  in  the  raising  of  steam ; 
that  is  to  say,  the  heat  would  be  more  valuable  if 
utilized  in  the  furnace,  than  if  utilized  under  tiie 
boiler  ? — I  do  not  consider  that  the  heat  carried  off 
by  the  waste  gases  (I  am  not  talking  now  of  carbonic 
oxide)  counts  for  much  ;  I  think  that  it  is  chiefly  lost. 
It  is  not,  when  it  comes  to  the  boiler,  so  very  hot  as 
to  assist  materially  in  the  raising  of  steam.  You 
would  have,  no  doubt,  the  ores  longer  under  the  action. 
Yuu  woold  raise  the  temperature  of  the  material  that 
goes  in  considerably.  But,  again,  if  you  go  very  high 
with  your  furnaces  you  are  liable  to  very  serious 
objections,  such  as  having  always  to  use  the  best 
quali^  of  coke.  Again,  if  any  thing  goes  wrong  with 
your  furnace,  it  takes  much  longer  to  make  a  change. 

498.  What  is  the  height  of  the  furnaces  under 
your  charge  ^75  feet. 

499.  IT^at  is  the  consumption  of  coke  per  ton  of 
iron  produced  ? — ^That  of  course  depends  upon  the 
quality. 

500.  Upon  the  average  consumption  ?  —  With 
number  two  or  number  three,  I  should  say  about  25 
cwt. 

501.  Then  would  you  anticipate  that  that  would  be 
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B  40      materiany  redaoed  hy  any  increue  in  Hm  lieight  of 
Capt-A.yioiU.  the  fornace?— No;  I  shoold  not  tliink  that  any 
13  Ma  1S69    ^Jicrease  in  the  height  of  the  furnace  would  make  a 
^  difference  of  1  cwt. ;  that  is  to  say,  any  practicable 

increase  you  could  give. 

502.  Do  you  think  then  that  there  is  any  nuirgin 
for  economy  in  a  greater  heat  of  the  ftirnaces  ?— -Yes, 
undoubtedly. 

503.  Hare  you  any  idea  of  what  saviog  would  be 
effected,  if,  instead  of  using  blasts  of  900  you  could  use 
blasts  of  1,400  degrees  ?-~ When  we  ntarted  with 
about  650  degi'ees,  in  raising  it  to  950  degrees,  all 
the  plant  sud  everylJluag  being  exactly  the  same,  I 
do  not  think  we  saved  more  than  perhaps  1  cwt.  or 
1  cwt.  and  a  half. 

'  504.  By  an  increase  of  300  degrees?— By  an 
increase  of  300  degrees  fUirenheit. 

505.  Do  you  wink  that  raising  it  another  300 
degrees  would  effect  a  fiirther  reduction  to  the  same 
extent  ? — I  should  tliiok  it  would  be  less. 

506.  The  saving  would  bo  less? — Yes,  I  should 
think  it  would. 

507.  Arc  you  deducting  the  fuel  used  in  raising 
the  temperature  ? — Practically  we  use  no  fuel. 

508.  If  you  raised  it  to  a  higher  temiwraturc, 
would  you  not  liave  to  use  fatA  ? — ^Very  probably 
we  should  have  to  use  fuel. 

509.  Taking  that  fuel  into  account,  would  the 
advantage  be  considerable  of  adding  300  or  400 
degrees  to  the  temperature  of  the  furnaces  ? — Take 
the  instance  of  what  I  said  just  now.  You  will 
observe  Aat  the  quantity  of  heat  that  goes  into  the 
ibmaee  with  the  blast  is  a  very  considerable  propor- 
tion the  total  heat  produced ;  it  is  something  like 
16  per  cent.  Now,  if  yon  have  a  much  hotter  blast, 
in  the  first  place  you  have  less  coke,  you  have  less 
work  to  do,  you  have  less  ash  to  flux,  and  all  that 
sort  of  thing,  and  that  makes  a  good  deal  of  difference. 
Your  furnace  will  work  more  rapidly.  I  admit  you 
will  have  a  good  deal  of  eeonomy;  but,  as  regards  the 
mere  saving  in  the  consumption  of  fuel,  I  should  not 
anticipate  that  by  adding  another  300  degrees  you 
would  get  more  than  one  cwt.  out  of  it.  There  is 
something  to  be  gained  from  the  waste  gases.  If 
the  air  enters  the  furnace  at  1,000  degrees  Fahrenheit, 
imd  the  products  of  ecmibustion  which  produced  this 
heat  are  allowed  to  go  off,  at  a  hig^  temperature,  no 
doubt,  if  you  had  any  r^enwatire  arrangement, 
n  considerable  saving  might  be  made. 

610.  Are  you  speaking  of  heating  the  blast  ?— Yea. 

51 1 .  You  are  speaking  of  applying  the  regenerative 
princii^  to  heating  the  blast? — Yes.  Then  you 
would  save  the  very  high  temperature  at  which  the 
products  of  combustion  go  off  now  probably  about 
1,500  degrees,  or  something  of  that  sort.,  on  the  suppo- 
sition that  the  blast  is  1,000  degrees  or  1,100  degrees. 

512.  Is  there  any  other  direction  in  which  there  is 
a  prospect  of  saving,  except  in  increasing  the  tempera- 
ture of  the  blast  and  the  height  of  the  furnace  ? — No. 
One  effect  of  Mr.  Siemens'  regenerative  furnaces  is 
that  a  veiy  inferior  class  of  coal  is  used.  Tho  effect 
of  that  practically  !s  that  at  present  we  find  that  the 
price  of  the  smaller  coals,  which  used  not  to  be  so 
high,  is  coming  up  untH  it  approaches  that  of  the  best 
coal,  very  much  more  nearly  than  you  would  anticipate 
and  I  suppose  it  will  come  to  a  time  when  there 
will  not  be  a  veiy  great  difference  between  best 
coal  and  the  inferior  coal  used  for  heating  the 
blast ;  I  mean  not  the  difference  that  exists  at 
present.  Therefore,  if  you  utilize  all  ike  gases 
that  come  from  your  furnace,  the  discrepancy  will 
not  be  so  great  as  it  is  at  present  between  the 
inferior  coal  and  the  coal  used  for  heating  tho  blast. 
We  do  not  use  coal  ;  but  it  is  used  in  some  places.  Of 
course  if  we  heated  our  blast  much  higher  we  should 
have  to  supplement  it  with  coal. 

513.  First,  considering  it  as  a  question  of  quantity 
of  coal  apart  from  quality,  do  you  think  tiiat  there  is 
a  mai'gin  for  much  further  economy  in  the  smelting 
of  iron  ? — do  not  think  that  there  is  a  margin  of  10 
to  15  per  cent.,  taking  the  best  fnniaccs  of  the  present 
day. 


514.  Taking  into  consideratioa  the  value  or  the 
quality  of  the  coal,  you  tiiink  it  possible  that  Htw 
may  be  a  further  economy  ? — Taking  into  considera- 
tion the  quality  of  the  coal,  I  think  it  possible  that 
you  might  get  up  to  double  that ;  that  is  about  the 
outside ;  that  is,  assuming  our  present  modes  of  reducing 
iron  to  be  carried  on. 

515.  By  the  present  process  of  smelting  iron  it 
would  not  be  theoretically  practicable  to  reduce  the 
quantity  of  coal  more  than  about  10  per  cent.,  and 
the  value,  taking  into  consideration  the  difference  of 
natures  not  more  than  about  20  per  cent  ? — Just  so. 

516.  {Mr.  Clark.)  You  were  speaking  of  utiliang 
the  gas  from  the  tops  of  the  furnaces.  Does  the  gas 
lose  any  of  its  heat  piXMiucing  power  by  being  cooled  ? 
— ^ot  at  aXl 

517.  Have  you  applied  any  artificial  means  to 
extract  the  gas  from  the  tops  of  the  fomaces  ;  a  fan, 
or  anything  of  that  kind  Not  at  all ;  it  just  comes 
ofi  naturally. 

51 B.  Then  the  gas  does  not  deposit  any  of  its 
bituminous  matter  by  being  cooled  ? — No  ;  it  deposits 
a  quantity  of  dust  from  two  or  three  fireplaces,  and 
nothing  else.    It  is  perfectly  dry  and  very  fine 

dust. 

519.  {ChaimiaH.)  Do  you  think  that  we  are  to 
infer  that  under  the  present  system  of  smelting  iron 
by  the  blast  furnace  we  have  very  nearly  reached 
the  limits  of  economy  ?  I  mean  in  the  best  con- 
structed furnaces  of  the  north? — I  think  we  have. 
I  think  we  ace  not  very  far  off  it.  By  such  processes 
as  I  have  described  you  would  of  course  rob  the  gas 
of  a  good  deal  o£  heat  that  we  waste  now ;  fi» 
instance,  the  products  of  combustion  might  go  off 
much  co<der,  and  improvements  of  that  sort  might  be 
made.  But  an  enormous  quantity  of  carbonic  oxide 
is  necessary  for  the  reduction  of  the  ore,  and  you 
cannot  get  over  that. 

520.  The  gas  escaping,  and  being  utilized,  from  a 
single  furnace,  will  be  quite  sufficient,  I  expect,  to  do 
the  work  of  many  furnaces,  will  it  not? — No,  I  think 
not.  In  no  blast  furnaces  that  I  know  of  do  they  do 
very  much  more  than  just  keep  themselves  going 
with  their  waste  gases.  Tho  air  is  now  generally 
pumped  at  a  very  high  pressuro  compared  to  what 
with  the  pumps  formerly  used. 

521.  I  asked  the  question  mainly  in  consequence 
of  the  fact  that  at  the  Farkfield  Ironworks  near 
Wolverhampton  I  was  informed  that  the  gases  from 
one  furnace  there  were  all  that  was  necessaty  to  be 
employed,  although  they  had  five  fbmaces  in  blast  ? 
— ^Are  they  cold  olaste. 

522.  No,  not  cold  blasts  ? — We  sometimes  have  a 
surplus,  and  indeed  a  considerable  surplus,  but  then 
we  have  occasionally  a  deficit  too.  As  a  rule,  I  have 
observed  that  when  we  have  a  surplus  of  gas  we 
ai'e  using  more  coke  in  tho  furnace  than  when  we 
have  a  deficit 

523.  {Sir  William  Armstrong.)  That  accounts  for 
it?— Yes. 

524.  Mr.  {Dickinson.)  When  you  said,  in  answer 
to  the  Chairman,  tliatyou  did  not  look  for  any  further 
economy,  you  do  not  include  in  that  the  saving  which 
may  be  effected  in  using  this  inferior  coal,  which  is 
now  sometimes  left  in  the  mines  stowed  away? — No. 
I  am  merely  taking  fuel  as  fuel.  1  did  not  say  I  did 
not  look  for  any  ^ther  economy.**  I  sai^  I  did 
not  think  the  saving  would  be  very  great.  I  eud,  at 
a  guess  that  10  or  15  per  cent,  might  be  saved  in 
fuel,  and  that  it  was  possible,  taking  into  considera- 
tion an  inferior  class  of  fuel,  that  double  that  amount 
might  be  saved. 

525.  Enabling  the  coal  now  stowed  away  in  mines 
to  be  brought  into  profitable  use  P — I  have  not  the 
very  smallest  doubt,  from  what  has  been  done 
recently,  that  the  small  coal  in  mines  cau  be  used. 

526.  {Sir  William  Armstrong.)  For  what? — For 
various  things.  It  might  be  used  for  heating  the 
gas. 

527.  Not  iu  the  fUmace  ? — ^No,  not  in  the 
furnace. 
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528.  Bo  70a  consider  that  it  would  be  practicable 
to  use  raw  coal,  such  as  we  get  in  the  north  of 
England,  instead  of  coke,  with  advantage  ?~If  it  is 
hard,  and  the  furnaces  are  not  high. 

55^.  Would  you  use  a  larger  quantity  of  the  raw 
coal  than  of  coke? — ^Yoa  would  save  the  vaiuablo 
materials  which  are  now  diachai^ed  in  the  air  in  the 
operation  of  coking. 

680.  Would  the  hydrogen  do  you  any  good  ? — Yes, 
if  bamed  under  the  boilers. 

531.  Mr.  Bell  stated  on  the  last  occasion  that  he 
did  not  think  it  would  be  usefiil  ? — It  would  not, 
unless  you  burnt  it  somewhere  or  other ;  but  the 
heating  power  of  the  waste  gases  would  be  materially 
increased  by  the  presence  of  hydrogen. 

532.  He  said  that  it  would  produce  heat,  but  that 
it  would  neutralize  itself  in  some  way  or  other,  I 
forget  how  ? — I  should  have  thought  that  the  gases 
from  the  coal  would  have  been  driven  off  (a  lai^e 
portion  of  them  at  least)  in  the  higher  parts  of -the 
farnace. 

533.  Do  you  think  that  the  softness  of  coal  is  the 
only  obstacle  to  using  it  instead  of  coke  P — It  is  one  of 
the  olMtacles.  X  have  had  no  experience  of  working 
with  coal ;  but  it  is  quite  certun  ^t  we  could  not 
use  some  of  the  soft  coals  in  tiie  high  blast  fhmaces 
which  ^ey  hare  now.  Wo  could  never  get  the 
blast  through  them. 

634.  {Mr.  Geddes.)  They  would  not  bear  the 
burden  ? — No. 

535.  (Mr.  Dickinson.)  They  must  be  splint  coal 
or  very  hard  coal  ? — They  must  be  a  very  hard  cosl, 
that  will  stand  a  very  heavy  burden. 

536.  {Chairman.)  Is  not  it  likely  that  by  the 
processes  which  are  now  being  gradually  introduced 
for  washing  coal,  and  tho  like,  and  thereby  separating 
the  sluUe,  Sie  pyrites,  the  brasses,  and  so  on,  from  the 
coal,  a  very  large  quantity  of  that  which  is  now 
useless,  may  bo  rendered  capable  of  coking,  and  there- 
fore of  being  used  for  blast  furnaces  and  other 
metallni^ical  opfflntions? — Yes;  but  I  have  seen 
none  of  those  cokes  that  are  of  the  same  quoliiy  as 
the  best  coke.  I  think  they  would  not  do  for  the 
very  high  furnaces. 

537.  l^ey  would  not  support  the  burden  ?— They 
do  not  carry  the  bui-den  so  well.  I  have  never  seen 
the  washed  coke  perfectly  Batisfuctoiy.  They,  uo 
doubt,  get  out  a  good  desi  of  impurity,  but  they  leave 
in  a  good  deal  too.  With  regard  to  nearly  all  the 
washed  coke,  for  example,  where  pyrites  ai*e  present, 
if  it  is  allowed  to  stand  for  some  time  you  see  large 
spots  of  red,  showing  the  presence  of  iron  there. 

538.  {Mr.  Geddes.)  What  difference  of  price  exists 
between  the  coke  of  that  washed  material  and  the 
better  coke  ?— -I  should  think  one  would  have  to  pay 
from  about  2«.  to  half  a  crown  a  ton  more  for  the 
best  coke. 

539.  From  2s.  to  half  a  crown  more  upon  the 
superior  cokes  ? — Yes. 

540.  {Mr,  DickinumJ)  The  coke  made  from  washed - 
coal  is  coke  obtained  from  what  was  previously  waste 
coal,  is  it  not  ? — ^Yes. 

541.  So  that  it  is  in  fact  a  positive  saving,  since 
the  coal  from  which  it  is  made  was  of  no  use  what- 
ever ?— Yes.  They  use  this  coke  very  much  in  tho 
Cleveland  district  for  some  of  the  qualities  which 
ibej  are  not  very  particular  about,  but  the  iron 
founders  object  to  it  a  good  deal ;  they  say  they  use 
more  of  it  in  the  cupolas. 

642.  I  think  since  this  process  of  washing  has 
been  introduced  'into  the  county  of  Durham  they 
have  done  away  entirely  with  the  great  heaps  of 
waste  which  used  to  stand  out  formerly  in  the 
country  ? — I  think  so. 

643.  {Chairman.)  There  have  been  two  commu- 
nicationa  to  the  committee^  one  from  Mr.  Thomas 
Whitwell ;  fn  which  be  states  that  fVom  the  patent 
fire  brick  stoves  at  the  Consett  ironworks  tiiere  is  a 
very  remarkable  economy  effected  by  the  utilization 
of  uie  temperature  of  these  gases,  getting  a  tempera- 
ture of  firom  1300  to  1400  Fahrenheit,  and  the  result 

E 


of  that,  according  to  to  this  statement,  is,  that  the       B  41 
quantity  of  coal  producing  a  ton  of  iron  is  considerably  Capt.  a.  Abi/e. 

under  a  tou.    I  have  also  received  a  communication   

to  the  Committee  from  Mr.  Cowper,  in  which  he      M*y  1869. 

says, —  "Gentlemen,  I  take  the  liberty  of  calling  " 

"  your  attention  to  the  complete  success  of  my  patent 

"  hot-blast  stoves  for  heating   Uie  blast  for  blast 

"  furnaces,  and  for  other  purposes.    I  may  state 

"  generally  that  the  make  of  iron  fhua  a  given  fur* 

**  nace  is  increased  fully  20  per  cent. ;  the  furnace 

works  more  regularly,  and  the  'tuyere  breasts* 
"  do  not  'work  hot,'  notwithstanding  the  blast  is  at 
"  the  high  temperature  of  1,160  degrees  Fahrenheit, 
"  which  is  equal  to  a  good  red  heat  ;  the  quantity 
**  of  cheap  coal  required  to  heat  the  blast  is  as  nearly 
*'  as  possible  the  same  as  usual  (allowing  for  the 
"  breeze  produced  by  the  gas  producers) ;  this  is 
"  owing  to  the  perfect  absorption  of  heat  by  the 
"  stoves  which  act  on  Siemens*  regulative  principle  ; 
"  the  blast  is  heated  by  red-hot  fire-brick  surfaces, 
"  and  there  are  no  iron  pipes  exposed  to  the  fire  ; 

the  friction  through  the  stoves  (or  loss  of  pressure) 
"  is  far  less  than  usual ;  and,  lastly,  there  is  the  very 
"  important  saving  of  five  hundred  weight  of  coke  in 

the  blast  furnace  por  ton  of  iron  made,  together 

with  a  corresponding  saving  of  blast,  or  a  propor- 
"  tionably  increased  quantity  of  iron  produced  frmn 
**  the  same  plant,  whilst  more  *  No.  1 '  is  made,  and 
"  the  quality  of  the  iron  is  improved  by  tho  high 
"  temperature  of  the  blast,  and  the  less  amount  of 
"  foreign  matter  which  is  carried  in  by  the  fuel. 
"  Thus,  if  the  coke  stands  at  12*.  per  ton  delivered 
"  into  the  furnace,  there  is  a  clear  economy  of  3s. 
"  per  ton  of  iron  made,  independently  of  the  profit 
*'  arising  from  the  increased  quantity  produced 
"  with  the  same  furnace,  blast,  engineers,  &c. 
"  as  before  noticed.    The  patent  hot-blast  stoves  can 

be  made  for  about  one  fifth  more  than  ordinary 
"  stoves.  The  perfect  success  of  these  stoves  has 
"  now  been  proved  by  the  experience  of  upwards  of 
"  thi-ee  years  and  a  half,  and  every  fact  has  been 

again  and  again  ascertained  in  the  most  conclusive 
"  manner."  Have  you  any  experience  of  either  the 
one  or  the  other  of  these  ? — "No.  I  saw  Mr.  Whitwell 
some  time  ago,  but  I  did  not  get  an  answer  entirely 
to  my  satisfaction.  I  was  not  quite  certain  of  all 
thr;  facts.  I  have  already  said,  that  I  am  sure  that 
with  the  introduction  of  the  regenerative  system  a 
certain  amount  of  heat  would  be  utilized  which  now 
is  wasted.  But  I  observe  that  in  that  letter  you  have 
read  it  is  said  that  5  cwt.  of  fuel  is  saved  in  the  blast 
furnace  ;  it  is  not  said  whether  any  ftael  is  used  for 
the  stoves. 

544.  {Sir  WUliam  Armstrong.)  Norwhat  increase 
of  temperature  is  obtained,  I  think  ? — No;  but  I  had 
a  little  conversation  with  Mr.  Bell  upon  tho  subject, 
and  he  has  informed  me  that  the  difference,  if  equally 
good  systems  of  smelting  are  adopted,  between  absolute 
cold  blast  and  hot  blast,  does  not  amount  to  more 
than  10  cwts.  per  ton  of  iron. 

545.  That  is  between  the  coldest  and  the  hottest ; 
between  the  two  extremes  7 — Not  the  hottest ;  taking 
it  at  the  average  in  the  Cleveland  district,  taking  it 
at  1,000  degrees  Fahrenheit,  only  10  cwt.  more  fuel  is 
used  with  the  cold  than  with  the  hot  blast. 

54t>  Taking  in  the  fuel  In  the  furnace,  tlie  whole 
thing  together  ? — Taking  the  whole  thiug  together. 

547.  How  much  of  that  10  cwt.  would  be  coke  in 
the  furnace? — I  think  Mr.  Bell  told  me  Uiat  there 
was  about  2^  cwt.  of  fuel  in  the  stoves;  that  will 
correspond  to  about  7  cwt.  of  coke  in  the  furnace, 
because  the  fuel  burnt  in  the  stove  is  burnt  to  carbonic 
acid,  while  the  other  is  burnt  to  carbonic  oxide. 

548.  So  that  increasing  the  blast  from  a  temperature 
of  60  d^srees  to  « temperature  of  1,000  degrees  saves 
7  cwt.  of  coke  in  the  furnace  ? — ^It  saves  upon  a  ton 
of  iron  aboat  10  cwt 

549.  It  saves  7  cwt.  of  coke  in  the  furnace  ? — Yes. 
I  am  not  absolutely  sure  upon  this  point,  because  I 

.  only  had  a  short  conversation  with  Mr.  Bell  about  it. 

550.  Supposing  you  increase  the  temperature  of 
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^  the  blast  one  half  more,  that  is  to  say,  raise  it  to 

CBpf.-4.AbMi.  1,500,  roughly  speaking  yea  would  anticipate  a  saving 
IS  Ma  18«9  something  like  50  per  cent,  would  you  not  ? — That 
^  .  •  I  can  hardly  answer.  In  each  case  you  have  to 
consido-  what  has  to  be  done  ;  the  fluxing  of  the 
materials  in  the  furnace,  the  reduction  of  the 
materials  to  be  heated,  and  so  on ;  but,  taking  Into 
account  Hr.  Bell's  statement,  I  cannot  think  the 
difference  of  300  d^^rees  Fahrmheit  in  the  blast 
would  alone  m^e  a  difference  of  5  cwt  in  tlie  Aiel. 
It  is  possible  that  it  might,  by  taking  into  cnnudera- 
tion  the  regenerative  principle,  but  then  that  is  a 
different  question  ;  that  is  not  merely  by  heating  the 
blast. 

551.  {Chairman  to  Mr.  Siemens.)  Do  you  concur 
in  the  evidence  which  has  just  been  given  by  Captain 
Noble  with  respect  to  the  probable  saving  by  a  high 
temperature  of  blast. 

{Mr.  Siemens.)  I  believe  that  the  saving  is  much 
grmter  thui  Captain  Noble  suppose^  resulting  from 
an  increase  in  the  temperature  of  the  blast.  Even  if 
we  take  it  theoretically,  heating  the  air  100  degrees, 
considering  that  the  air  is  only  burnt  into  carbonic 
oxide,  would  very  nearly  represent  10  per  cent.,  as  far 
as  I  can  work  it  out  in  my  mind,  of  the  heat  of  the 
fuel  in  the  ftimace.  The  air  in  burning  to  carbonic 
oxide  would  acquire  a  temperature  not  far  exceeding 
1,000  degrees  ;  and  if  the  level  can  be  raised  100 
degrees  that  ought  to  make  a  difierence  of  10  per 
cent. ;  but  I  think,  in  a  discussion  at  the  Chemical 
Society,  if  I  recollect  right,  Mr.  Bell  himself 
stated  that  the  saving  in  the  blast  furnace  of  coke 
was  greater  than  would  result  if  you  suppose  that 
cartxmic  oxide  alone  was  produced.  If  carbonic  acid 
is  iH^nced  14,000  units  of  heat  are  developed  for 
every  pound  of  carbon  consumed.  If  carbonic  oxide 
is  produced  only,  about  4,000  units  of  heat  are 
developed,  or  less  than  one  third.  It  would  fdSlov 
from  that  that  every  pound  of  fuel  added  to  the  air 
represents  3^  pounds  of  carbon  saved  in  the  blast 
furnace.  But,  practically,  Mr.  Bell  admitted  (and  I 
think  Captain  Noble  was  present  then)  that  it  was 
more,  anA  it  would  be  more,  for  the  very  reason  that 
there  would  be  less  ash  to  be  dealt  with. 

(Captain  Noble.)  Mr.  Bell  said,  I  think,  that  the 
difficulty  to  which  Mr.  Siemens  alludes  accounted  for 
7  out  of  the  10  per  cent,  saved. 

{Mr.  Semens.)  Also  tiie  top  the  fiinuuse  works 
cooler.  Ferhi^  Captain  NoMe  has  those  data  with 
him  ?  I  should  like  to  have  his  facts  to  see  how  they 
coincide  with  the  fiicts  given  by  Mr.  Bell.  I  thi^ 
it  would  be  desirable  to  have  them. 

{Captain  Noble.)  I  have  not  the  data  with  me. 
But  then  I  am  taking  into  consideration  the  burning 
of  the  carbonic  oxide  afterwards.  In  the  one  case  it 
id  quite  true  the  fuel  is  burnt  to  carb(niie  oxide,  and 
in  ibe  other  to  carbonic  acid ;  but  then  I  assume  that 
we  utilize  the  carbonic  oxide  afterwards }  that  when 
we  get  the  carbonic  oxide  from  the  mouth  of  the 
furnace  we  bom  it  afterwards. 

552.  (Sir  William  ArmHrtmg.)  For  steam?— 
Tes. 

{Mr,  Siemens.)  Supposing  you  do  not  get  enough 
for  all  your  purposes  ? 

{Captain  Noble.)  I  quite  agree  with  you  (in  fact 
I  have  mentioned  it  already  in  my  evidence)  that 
the  advantage  you  have  In  heating  the  blast  is  ^lat  in 
that  case  you  bum  to  carltonic  add,  whereas  when 
you  bum  in  the  furnace  you  burn  to  carbonic  oxide. 

{Mr.  Siemens.)  And  in  the  one  case  you  need  only 
bum  coal,  whereas  in  the  other  you  must  bum  coke  ; 
tihat  makes  it  as  one  to  seven. 

{Captain  Noble.)  Tes;  but  then  I  understood  iJlie 
question  referred  simply  to  the  question  of  combus- 
tion of  fuel,  without  r^uding,  in  the  first  place,  its 
quality,  then  afterwards  we  consider  the  question  of 
using  cheaper  coal,  therefore  in  my  answer  I  was 


only  conaideriug  carbon  bomt  to  carbonic  ozidft  et 
carbonic  acid,  as  the  case  might  be. 

553.  {Su-  William  Armstrong.)  I  think  it  ought 
to  be  considered  under  two  condititms,  first  as  to 
economy  in  quantity,  and  then  as  to  economy  in 
value  ? — ^I  quite  grant  that  that  3  cwt.,  or  the  differ- 
ence of  what  you  bum  in  the  stove  and  what  you 
burn  in  the  furnace,  will  be  in  the  difference  of  the 
respective  calorific  powers.  In  the  one  case  you 
bum  to  carbonic  oxide,  and  in  the  other  you  bum  to 
carbonic  acid  ;  but  I  suppose  you  use  the  carbonic 
oxide  eventually. 

554.  But  eventually  the  carbonic  oxide  ia  all 
burnt  ? — ^Tes ;  finally  it  is  all  burnt  Ton  get  out  of 
it  the  heating  power  that  is  in  it. 

555.  Only,  perhaps,  its  application  is  more  valuable 
in  the  furnace  than  it  would  be  under  the  boilers  ?— 
You  get  che^>er  iuel  used,  which  ia  a  great  thbig, 
^you  use  it  outside. 

556.  ( To  Mr.  Siemens.)  It  appears  to  me  that, 
disregarding  the  question  of  the  value  of  the  fuel,  and 
the  value  of  the  application,  you  and  Captain  Noble 
are  pretty  well  agreed.  I  do  not  see  that  there  is 
any  discordance  between  you  ? — I  think,  unless  the 
question  of  consumption  in  the  blast  furnace  is  con- 
sidered separately,  you  involve  a  good  many  con- 
siderations in  these  cahsulations. 

(  Captain  Noble.)  Judging  iVom  what  Hr.  Siemens 
says,  ^  we  confine  tne  conuderatiott  to  the  consump- 
tion in  the  blast  furnace  we  are  agreed  pretty 
well. 

{Mr.  Siemens.)  I  think  we  are  not  agreed.  I 
think  you  assume  that  there  is  only  7  cwt.  saved 
hy  the  hot  blast  altogether. 

{Captain  Noble.)  10  cwt 

{Mr.  Siemens.)  In  the  blast  furnace,  leaving  the 
heating  of  the  blast  out  of  consideration. 

{Ci^Uain  NoUe.)  Tea. 

557.  {Sir  William  Armstrong.)  Tou  said  there 
would  be  a  saving  of  7  cwt  in  the  blast  fumaoe,  and 
3  cwt  separate  outsidt^  making  10  altogethw? — Yes, 
10  cwt.  altogether. 

{Mr.  Siemens.)  That  would  quite  agree  with  my 
calculations,  that  for  ovoy  100  Agrees  you  raise  the 
blast  you  ought  to  reduce  the  consumption  by  ^1 
cwt  in  the  nirnace,  but  practically  I  believe  the 
saving  is  greater. 

{Captain  Noble.)  Mr.  Bell  rather  accounted  for 
that  (although  of  course  Mr.  Bell  is  the  beat  authority 
upon  that  subject  himself)  by  saying  that  the  hot 
blast  had  generally  the  advantage  of  superior  plaatf 
and  that  really  when  they  were  put  apcm  tlie  same 
footing  the  difference  came  to  very  much  to  what 
he  stated  to  the  Chemical  Society. 

{Mr.  Siemens.)  I  believe  it  was  Ibought  that  in 
UBing  the  hot  blast  there  is  a  larger  proportion  of 
cai'bonic  acid  present  at  the  top  of  the  fiimace,  and 
that  would  of  itself  prove  the  better  combustion, 

{Captain  Noble.)  That  is  so. 

{Mr.  lumens.)  And  also  the  gases  cool,  which 
would  naturdly  follow  from  the  lai^er  propwtion  of 
firesh  ore  that  would  have  to  be  heated  from  a  given 
quantity  of  gas. 

{Captain  Noble.)  Yes. 

Mr.  Siemens.)  So  that  there  would  be  three  clear 
savings,  one  on  account  of  the  greater  absolute  saving 
of  heat  in  the  furnace  by  the  production  of  heat  in 
the  fnmace,  the  second  from  the  &ct  of  more  p^fect 
combustion,  and  the  third  from  more  complete 
regeneration. 

(CopAnh  Noble.)  When  yon  talk  of  more  peri^ 
combustion,  yon  mean  a  laigw  proportion  carbonic 
acid  existing  at  the  top  ?— Yes. 


Cajptain  withdrew. 


Digitized  by 


Google 


ON  WAST£  IN  COMBUSTION. 


255 


John  Hick,  Esq.,  C.E.,  M.P.,  of  57,  Queen's  Gate,  West^i-ompton,  or  Hill  Top,  Bolton-le-Moors,  B  43 

Lancashire,  examined.  j.  nick,  Etq. 


558.  (^Chairman^  You  ate  connected  with  the 
Soho  Iron  Works  in  Bolton,  I  think  ? — I  was  so  until 
recently.  I  was  the  senior  partner  of  the  firm  of 
Hick,  Hargreaves,  and  Company  at  those  worki^  until 
my  election  as  member  for  Bolton. 

559.  I  hare  been  in  corrwpondence  with  the  firm, 
and  I  hold  in  my  hand  a  letter  from  Messrs.  Hick, 
Hargreaves,  and  Company,  in  which  they  state  that 
the  economic  advantages  deiirable  from  the  Corliss 
engine  are  very  great.  They  say,  ^'  We  believe  that 
"  with  these  engines  and  steel  boilers,  we  now  generally 
"  make  a  saving  of  fiiel  of  at  least  30  per  cent,  over 
"  any  otho*  oigine  at  wwk."  Possibly  you  may  be 
able  to  give  us  aomo  information  upon  tlra  Corliss 
engine  in  particalar,  and  you  may  also  be  able  to 
qiettk  from  your  knowledge  upon  other  points  of 
economy  in  connexion  with  the  production  of  steam  ? 
-—The  saving,  I  think,  requires  dividing.  As  a  rule, 
when  we  speak  of  the  consumption  of  fuel  in  steam 
en^es,  we  ore  too  apt  to  forget  the  important  element 
of  the  boilers,  and  in  speaking  of  the  Corliss  engine, 
although  there  is  a  very  great  saving  effected  by  the 
Corliss  engine  in  itself,  a  great  deal  also  may  be  saved 
by  the  boilers.  It  is  necessary,  when  one  engine  is 
being  compared  with  another,  that  the  comparison 
should  be  instituted  with  the  same  description  of 
boilei's,  otherwise  you  do  not  get  a  fair  compariaon. 
As  far  as  I  am  able  to  judge  from  experiments  which 
we  have  made,  the  saving  on  the  CorUss  engine  over 
any  other  single-cylinder  engine  tiiat  I  know,  is  some- 
thing  like  10  or  12  per  cent  I  attribute  that  saving 
to  several  points  in  the  constmction  of  the  en^e. 
One  is  that  there  are  separate  valves  for  the  ingress 
and  for  the  egress  of  the  steam.  We  know  that  a 
much  less  valve  is  sufficient  for  the  admission  of  the 
steam  than  that  which  is  necessary  for  it  to  go 
out,  at  least  the  valve  is  usually  made  large  enough 
for  the  exhaust,  but  if  the  steam  goes  in  through  the 
same  valve,  there  is  necessarily  a  loss,  in  the  going  in 
by  having  too  lai^  a  thoroughfare.  In  the  CotUss 
engine  there  are  two  valves  fbr  the  admission  and  two 
for  the  exit  <^  the  steam.  The  steam  valve  is  mode 
as  small  as  possible,  and  is  put  as  near  to  the  cylinder 
as  pofisible,  so  that  there  shall  be  the  least  loss  of 
steam  by  a  thcooughfare.  I  do  not  know  whether 
the  sj^tem  of  the  Corliss  engine  is  well  known  to  the 
Gammittee  ;  I  can  describe  it  briefly  if  you  wish. 

560.  (Sir  fFilliam  Armttrong).  Will  you  have  the 
goodness  to  describe  it  ? — The  valves  are  semi-revolv- 
ing, and  are  placed  at  right  angles  with  the  cylinders, 
not  sliding.  There  are  two  small  cylinders,  one  at 
each  end,  at  right  angles  with  the  line  of  the  main 
cylinder.  That  enables  the  steam  valve  to  be  brought 
into  close  contact  with  the  cylinder,  having  only  the 
thickness  of  the  metal  between  the  valve  and  the 
cylinder,  instead  of  there  being,  as  in  an  ordinary 
engine,  a  long  thoroughfare  which  has  to  lie  filled 
every  time  the  steam  passes,  and  so  much  lost  by 
expansion  down  to  the  lowest  pressure  to  which  the 
steam  is  expanded. 

561.  You  only  get  the  expansive  action  of  the 
steam  in  that  engine  ? — That  is  alL  Agun>  all  the 
Corliss  engines  are  steam-jacketed ;  of  couree  that 
stcom-jacketing  can  be  applied  to  other  engines,  but 
these  have  a  fiwility  for  being  jacketed  very  well ;  and 
we  make  a  point  of  admitting  steam  direct  from  the 
boiler  for  heating  the  casing,  instead  of  passing  it 
through  into  the  cylinder  so  as  to  keep  up  the  tempe- 
rature of  the  cylinder,  to  its  noimal  height.  Agtua, 
as  regards  the  moving  ports,  the  Corliss  engines  tire 
for  the  most  part  horizontal  engines,  not  beam  engines, 
uid  the  working  ports  are  reduced  to  the  smallest 
posdible  weight  either  by  the  use  of  steel  or  the  best 
wrcaght  iron.  There  is  a  steel  piston  rod,  a  steel 
connecting  rod,  and  steel  shafts ;  the  fiy  wheel  only 
being  cast  iron. 

562.  Do  they  act  expansively? — They  act  expan- 
sively to  a  very  considerable  extent^  by  a  very 


beautiful  arrangement,  the  cnt-off  being  regulated   19  aIsj  ig^p^ 

directly  by  the  governor  without  the  intervention  of 

any  throttle  valve  ;  the  result  being  that  the  initial 

pressure  of  the  steam  upon  the  piston  is  as  nearly  as 

possible  the  pressure  of  the  steam  in  the  boiler, 

except  at  a  very  great  distance,  where  there  must  be 

some  loss  by  condensation. 

563.  Then  there  would  be  little  or  no  variation  in 
the  initial  pressure  ? — No. 

564.  The  variation  is  in  the  expansion]  and  not  in 
the  initial  pressure  ? — Yes.  If  we  are  working  at  a 
pressure  of  50  pounds  on  the  boilw  we  should  expect 
to  get  a  pressure  very  nuu'ly  the  same  on  the  piston, 
whraeas  usually  there  is  a  loss  of  four  or  five  pounds 
or  more.  The  fiim  at  Bolttm  are  now  ™*ki»g  these 
engines  very  extensively  ;  I  believe  they  have  in  hand  a 
large  number,  omounting  in  nominal  horse  power  to 
nearly  1,700  horses,  at  the  present  moment. 

565.  (^Chairman.)  Then  the  Corliss  engine  does 
not  embody  a  boiler  ? — No,  it  does  not  embody  a 
boiler  ;  the  boiler  is  entirely  distinct  and  separate. 
With  regard  to  the  questions  I  hove  heard  put  by  the 
Committee,  I  may  state  that  I  think  we  are  efiecting 
and  are  likely  to  efiect  a  v^  great  saving  of  fuel  in 
the  general  introduction  steel  for  b(rilarB  instead  of 
ir<m. 

566.  This  is  one  of  yoor  boilers  of  which  I  have 
a  photc^n^  hwe  {ahmoing  a  photograph  to  the 
wtMtfn)  r— -Yes,  the  ordinary  two-flue  boiler ;  what  is 
called  now  the  Lancashire  boiler.  Our  own  experience 
with  regard  to  the  saving  effected  by  the  use  of  steel 
boilers  is  corroborated  a  report  which  has  been 
published  by  the  Prussian  Government  I  believe.  I 
have  here  a  copy  of  the  report,  showing  a  saving  on 
steel  boilers  of  nearly  20  per  cent,  resulting  from  the 
use  of  steel  as  compared  with  iron,  the  boilers  being  the 
same  in  eveiy  particular,  except  in  the  thickness  of  the 
material. 

567.  {Sir  William  Arntstrong.)  What  is  that 
founded  upon ;  does  it  depend  upon  the  difference  of 
thickness  ?— I  attribute  it  to  the  difference  of  thick- 
ness, and  to  another  fact,  which  however  would  not 
opei'ote  with  a  perfectly  new  boiler.  We  do  not  find 
that  the  deposit  adheres  so  readily  to  the  steel  boilers  ; 
a  steel  boiler  will  rranain  clean  a  much  longer  time 
than  an  iron  one. 

568.  (Chairman.)  How  do  you  account  for  that; 
have  you  any  theory  to  explain  it  ?— I  have  no  theory 
to  account  for  it  chemically,  but  I  should  think  those 
better  ocqiuinted  with  chemistry  than  myself  could 
assign  a  reason  for  it^  if  there  is,  as  has  been  assumed, 
a  chemical  reason.  As  a  fact  we  do  not  find  that 
lime  adheres  in  the  same  way  to  a  steel  boiler  that  it 
does  to  an  iron  one.  It  does  not  adhere  to  the  boiler  ; 
whether  it  is  that  the  plates  are  of  closer  texture,  and 
more  solid  and  have  a  smoother  surface  than  wrought  > 
iron,  I  do  not  know.   That  may  be  the  reason,  but 

I  only  give  it  as  a  supposition  01  my  own. 

o69.  It  must  be  due  entirely  to  the  conditions  of 
the  Burfiice,  supposing  that  the  same  quantity  of  lime 
goes  down  from  the  water  used  in  an  iron  boiler  as  in 
a  steel  boiler.  A  priori,  we  should  say  that  the  coat- 
ing would  be  the  same  in  each  case  ? — ^But  it  is  not 
the  same;  it  does  not  adhere  to  the  steel  boiler;  a  steel 
boiler  presents  a  smoother  sm'face.  Then  as  to  the 
durability,  there  is  no  comparison  between  them. 

570.  (6i>  William  Armstrong.)  What  is  the 
thickness  of  plate  used  in  your  stee!  boilers  ? — ^Weuse 
a  plate  nearly  one-third  thinner. 

571.  You  calculate  on  obtaining  the  same  strength 
with  a  plate  of  one-third  less  thiskness? — Precisely. 
In  sietting  up  a  boilei  we  endeavour  so  to  form  and 
proportion  the  fiues  that  the  heat  shall  not  pass  off  at 
too  high  a  temperature,  otherwise  there  is  consi- 
derable loss ;  and  we  find  that  in  a  steel  boiler,  as  com- 
pared with  one  of  iron  of  precisely  the  same  dimen- 
lons  and  under  the  same  conditions  of  grate  surface, 
the  heat  passes  off  at  a  lower  temperature,  proving 
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B  44  that  more  heat  in  absorbed  hy  the  water  through  the 
J.  Hwkf  Eaq.   titioncr  and  better  conducting  material,  steel. 

— ~"  572.  (  Chairman.)  Have  you  any  actual  experience 

18  May  1869.       |g       passage  of  heat  through  steel  and  iron  plates 
'  of  the  same  tliickness  ? — Not  except  in  this  way  that 

I  am  gi^-ing  you  ;  this  is  the  result.  T  do  not  attach 
much  importuice  to  the  iray  in  whieh  the  flues  are 
placed,  in  Gfdloway*s  boiler  for  examine,  because  from 
the  very  circumstance  that  I  have  now  named,  you 
can  omj  take  np  the  heat,  and  if  it  is  token  up  by 
continuous  contact  for  a  certain  length  in  straight 
lines,  that  is  to  say,  through  strMght  tubes,  or  if  you 
stop  it  through  ti-ansverae  tubes  or  plates,  it  is  the 
same  thing.  Another  ill  effect  in  cross  tubes  is  that 
they  must  interfere  with  tlie  draught  of  the  chimney, 
which  is  tantamount  in  my  opinion  to  cutting  off  so 
much  from  the  top  of  your  chimney,  and  thereby 
reducing  the  economical  combustion,  because  we  must 
have  a  certain  height  of  chimney  and  a  certain  draught 
in  order  to  have  the  Ijeet  result  in  combustion. 

573.  Do  you  suppose  that  with  plates  of  the  same 
thickness  there  would  be  any  advanU^e  in  steel  over 
iron  ?— Yes,  inasmuch  as  steel  transmits  heat  more 
rapidly,  supposing  the  plate  to  be  of  the  same  thick- 
ness. 

574.  There  would  be  a  more  rapid  conduction  of 
h^at  with  steel  ? — Ye». 

Z76.  (Sir  William  Artnglrong.)  But  the  steel  that 
is  used  for  these  purposes  is  very  nearly  iron  ? — do 
not  think  so,  it  is  steel  of  a  very  buperior  quality. 

576.  ( Chairman.)  Then  the  advantages  would  be 


mainly  due  to  the  thinness  of  the  plate  which  you  are 
able  to  employ  with  steel  with  equal  strength  ? — ^Yes, 
mainly,  but  also  on  account  of  the  better  conducting 
power. 

577.  {Sir  William  Armstrong.)  Supporing  wiUi 
a  given  boiler  yon  have  a  temperature  in  your  chim- 
ney of  600  degrees,  which  is  a  very  common  tempe- 
ra tufe,  have  you  any  experience  to  show  how  much 
that  temperature  woidd  be  reduced  with  a  steel  boiler  ? 
— No,  I  hare  no  notes  upon  that  point.  I  did  not 
know  what  questioos  I  should  be  asked,  and  only 
spoak  fitnn  previous  conviction.  I  have  not  any  data 
by  me  at  present. 

578.  {Chairman.)  Yon  have  made  experimraits 
showing  tliat  there  is  a  cousiderable  reduction  of  tem- 
perature in  the  flue  ? — Yes,  and  the  paper  I  hold  in 
my  liand  corroborates  what  I  have  said,  and  shows 
the  result  of  four  experiments  with  the  same  boiler. 
These  aie  experiments  made  by  the  Prussian  Govern- 
ment with  respect  to  the  thickness  of  the  plates ;  they 
shew  in  four  experiments  im  average  result  of  19*443 
per  cent,  in  favour  of  the  steel  over  the  inm. 

579.  {Mr.  Geddes.)  That  is  the  saTing  of  fuel 
Yes. 

580.  The  saving  amounts  to  about  20  per  cent  ? — 
Yes. 

581.  {Chairman.)  WiQ  yon  put  in  the  paper  con- 
taining the  results  of  these  experiments  as  part  of 
yonr  evidence  ? — I  shall  be  very  glad  to  do  so. 

(7%tf  same  was  handed  in.) 


Evaporation  in  Boilkks  of  Ikon  and  Steel  cohfasbd. 

Ex.  1.    Boilers  alike  in  all  respects  save  (1)  material  and  (2)  thickness. 

n.  Thickness  of  plates.    Iron  —  0'414  in.  Pruss.  1   

^  Steel  =  0-250       „        /  proportion. 

b.  Shape  of  boilers.   Egg  ends,  no  flues,  diam.  4  fC,  length  over  all  30  fH, 

c.  Fittings      „       Steam  dome  2  ft.  x  2  ft. 

Manhole  10  ins.  x  15  ins. 

d.  Working  conditions,  pressure  50  to  70  11m. 

Heated  by  waste  gas  from  puddling  furnaces. 

e.  Results.   Average  of  20  days'  work  of  12  hours  each. 

Water  converted  into  steam  in — 

(1)  Steel  boiler,  139*92  c.  fl.  =  11  -66  c.  ft.  per  hour. 

(2)  Iron     „     112-44   „    =  9*37  „ 

That  is,  the  evaporative  power  of  the  steel  boiler  is  to  the  evaporntiTe  power  of  the  iron  boiler  as  5 :  4,  or^ 

The  Hleel  boiler  affords  a  superior  duty  of  20  ^o* 

Ex.  2.    Reported  Stnchenholtz  in  "  Zeitschrift  des  Vereins  Deutscher  Ingenieure." 
Boilers  alike  in  all  respects  save  (1)  material,  (2)  thickness. 

a.  Thickness  of  plates.   Irtm  =  0*516  in.  =  13*1  m.  m. 

Steel  =  0'841  in.  =  8*66  m.  m. 
d.  Shape  of  boilers.    Cylindrical.   Diam,  =   1*57  m.  =:  5  ft.  0|  in. 

Length=  ll'OOm.  =:  36  ft.  1  in.  .  , 

c.  Fittings.    Heating  aurface  in  each  2809  m.  =  311  sq.  ft. 

Grate  surface      „      1  '19  m.  =  12*81  „ 

d.  Working  conditions,  pressure  76  lbs. 

Water  22  c.  metres  =  776  c.  ft.  at  35*"  c.  (=95"  F.) 
Fuel,  coal  burnt  in  each  =  29  cwts. 

e.  Results.    Water  remaining  in  boilers  measured  when— 

(1)  Steel  boiler  eontamed  10*2  met.  =  360-2  c.  ft.  and 

(2)  Iron  „  12*0    „    =423  8  „ 

Water  evaporated  in  each  case  will  be — 

(1)  Steel  boiler  -  776 '9  -  360*2  =  416-7  c.  ft.  =  11-7  c.  met.  =  24254*8  lbs. 

(2)  Iron     ,     =  776-9  —  423*8  ~  863-8   „    =10        „    =a  206S9-22  „ 
Hence  the  useful  effect  is  as  117*26 :  100  or— 

The  steel  boiler  compared  with  the  iron  boiler  afforded  a  superior  duty  of  17*26  °f,„  and — 
One  pound  of  coal  in  the  iron  boiler  evaporated  6*85  lbs.  water, 
„         tt     steel      „         If     7 ' 467  » 

Ex.  8.   Gives  a  duty  performed  in  favonr  of  steel  of  19*62  %. 

Ex.4.         „  „  „  „         20-85  %. 

And  the  average  of  the  four  results  gives    19*433  %• 

582.  {Sir  William  Armstrong.)  As  to  the  quea-  per  hundredweight,  say  50  "/^^  an  entire  boiler  of  the 

tion  of  expense,  what  is  the  cost  of  a  boiler  made  of  same  length  and  diameter  will  only  cost  20  %  more 

steel  of  a  quarter  of  an  inch  thickness  as  compared  in  steel  than  in  iron,  and  I  would  add  that  1 1  feet  of 

with  the  cost  of  a  boiler  made  of  iron  of  gths  of  an  heating  surface  in  a  steel  boiler  is  as  effective  as  14 

inch  thickueaa     Although  ft  steel  boiler  costs  more  feet  in  an  iron  boiler,  hence  the  cost  of  the  ^ectiTo 
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horso  power  in  a  Btecl  boiler  is  not  more  Uian  in  one 

of  iron. 

£83.  The  saving  in  the  thickness  of  the  plate, 
together  with  dimiuiiihed  heating  surface,  makes  up 
for  the  greater  cost  of  material  ? — ^Yes,  and  J  believe 
that  the  thin  boiler  of  steel  would  last  double  the  time, 
at  least,  of  the  thicker  iron  boiler. 

584.  Do  you  find  any  difiRculty  in  getting  your 
steel  plates  of  uniform  quality  ? — Not  at  all.  At  the 
Bolton  Jvoa  and  Steol  Works  they  have  been  exoea- 
eively  careful ;  wo  have  made  some  thousnnds  of  tons 
of  platca. 

£85.  Do  they  make  their  own  plates? — ^Vcs.  At 
tltese  works,  where  I  woa  until  recently  a  partner,  we, 
or  rather  they,  are  bo  excesMvely  careful  about  tho 
steel  plates  that  in  eveiy  blow  they  test  several 
l^ates. 

586.  They  are  made  by  the  Bessemer  process,  T 
suppose  ; — Yes.  It  is  of  importance  to  test  the  plates, 
because  if  you  cannot  depend  upon  the  plates,  if  they 
are  not  sttictly  homogeneous,  the  weakest  and  worst 
plfttfl  is  tho  ultimatum  of  the  strength  of  the  whole. 

587.  I  believe  that  where  steel  is  subjected  to  a 
great  deal  of  rolling,  yon  have  not  that  variation  in 
quality  that  you  havo  where  you  have  it  in  block.  Is 
not  that  so  ?— Yes ;  tho  rolling  i*endciv  it  more 
homogeneous. 

588.  {Chairman.)  Tn  the  process  of  rolling  steel, 
do  you  find  any  difference  in  the  molecular  structure 
of  the  steel  produced  by  the  mechanical  pressoie  to 
whidi  it  is  subjected  ? — Yes,  it  becomes  more  fibrous. 
The  steel  is  not  changed  in  quality  by  rolling,  but  its 
properties  are  changed,  and  it  is  made  moro  suitable 
for  the  purposes  to  which  it  is  to  be  applied.  Wo 
have  a  chemist  upon  the  works  who  tests  a  pui  tion  of 
every  blow,  so  that  we  can  account  for  every  opera- 
tion ;  and  we  have  had  a  record  kept  at  the  works  of 
the  results  of  tliese  tests  nearly  ever  since  the  works 
commenced. 

589.  What  quantity  of  coal  do  you  consider  that 
you  are  usiug  now  with  your  CorlisB  engines  and  a 
steel  boilei'  pei*  horse  power  per  hour  ? — About  2^ 
pounds  per  indicated  horse  power  per  hour  as  against 
the  former  consumption  of  four  to  fivo  pounds,  Kx- 
periments  have  been  made  with  some  of  the  agricultural 
non-condensing  engines,  the  results  of  which  u-e  on 
record ;  but  I  have  been  speaking  hitherto  of  con- 
dennng  engines  in  the  data  tluU  I  luve  given  you. 

590.  {Sir  fVilliam  Arnutrong.)  These  engines,  of 
which  we  liavo  a  sketch  hei'e,  we  condonsuig,  are  they 
not?— You  have  simply  the  cyh'nder  there,  not  tho 
condensing  apparatus  ;  but  in  speaking  of  a  consump- 
tion of  fuel  of  2^  pounds,  I  speak  of  the  condensing 
engine. 

591.  What  is  the  consumption  of  fuel  with  a 
Corliss  non-condensing  engine  ? — 3^  pounds  i>ei'  in- 
dicated hoi-se  power  per  hour. 

592.  As  against  how  much  in  the  old  non-con- 
densing engine  ? — As  against  seven  pounds. 

593.  I  ^nk  for  a  non -condensing  engine  you  are 
taking  it  very  low  indeed.  For  the  ordinary  run  of 
high-pressure  engines,  as  used  in  mannfactories,  I 
believe  the  consumption  is  from  sovon  to  eight  pounds? 
—I  was  about  to  supplement  my  foiinei-  answer  by 
s&jing  that  some  of  tho  agricultural  engines  have  been 
tried  under  the  most  favourable  ch'cumstances  with 
extreme  care,  and  that  (hey  have  been  known  at  the 
aericnltnral  shows  to  consume  as  small  a  quaotity  as 
2j  pounds.  Those  were  non-condensing  engines,  but 
that  has  been  under  vciy  exceptional  circumstances, 
where  die  coal  is  weighed  with  the  gi'eatest  occuiacy, 
every  portion  of  steam  is  economized  in  evei-y  possible 
way,  and  in  short  under  circumstances  which  would 
not  occur  in  the  general  application  of  steam  power. 
But  in  speaking  of  the  consumption  which  I  have 
stated,  I  have  been  speaking  from  results  which  we 
get  with  ordinaiy  workmen  in  the  regular  conduct  of 
the  fectory,  without  any  extraordinary  supervision. 

594.  What  pressure  do  you  generally  use  ? — Never 
less  than  50  pounds  on  the  square  inch.  We  find  tho 
l^her  we  go  the  better. 

18468.   Vol..  n.  L 


595,  There  would  cleaiiy  be  a  gain  in  respect  of       B  45 
economy  of  fuel  by  using  steam  of  a  higher  pressui^  J-  Hick, 
What  would  be  the  objection  to  that  ? — I  do  not  know 
of  any  objection  ;  the  limit  must  be  safety.  "  1869. 

i96.  What  is  the  pressure  used  in  locmnotiTes  ?—  " 
OrdinarUy  it  is  100  pounds. 

597.  How  near  do  you  think  that  pressure  might 
be  approached  with  advantage  for  ordinaiy  manuiac- 
turing  purposes  ? — I  think  you  might  go  to  the  same 
point  if  you  only  put  the  engine  under  the  same  limi- 
tations as  locomotives ;  that  is,  if  you  did  not  exceed 
the  diameter  of  the  boiler  of  a  locomotive. 

59B,  I  mean  submitting  to  the  conditions  which 
are  imperadve  in  a  factory? — 1  think  you  might  use  a 
6-feet  boiler  80  fbet  long  with  two  flues  of  2  it.  3  in. 
or  2  ft.  4  in.  diameter,  and  you  then  might  have  a 
pressure  of  75  pounds  on  the  inch. 

599.  You  believe  that  that  would  effect  a  farther 
reduction  of  fuel  in  the  Corliss  non-condensing  engine? 
— Undoubtedly. 

600.  In  that  case  would  you  not  bring  it  so  closely 
to  a  par  with  a  condensing  engine  as  would  render  the 
condensing  principle  of  no  value  ? — I  am  scarcely 
prepai'cd  to  say  that.  There  is  a  considerable  difference. 
You  ai-e  now  speaking  o£  a  high-prcssui-e  non-con- 
densing engine,  but  then  yon  could  do  the  same  tiling 
with  a  condennng  engine.  You  must  put  it  under  the 
same  conditions  as  to  pressm'e.  You  must  not  com- 
pare a  non-condensing  engine  with  a  pressure  of 
75  pounds,  with  a  condensing  engine  with  a  pressure 
of  30  pounds. 

601.  But  the  raluft  of  the  condensing  principle 
must  depend  upon  the  difference  between  the  rcAistance 
of  the  utmoRphere,  which  is  neutr^ized  by  the  con- 
densing system,  and  the  pressure  at  which  you  use 
your  steam  ;  the  higher  the  pressure  at  which  you  use 
yom-  steaui,  tho  less  becomes  the  loss  of  pressure  cor- 
responding with  tho  external  resistance  ? — Decidedly. 

602.  The  higher  you  go,  the  less  important  does 
the  pi*essure  of  the  atmosphere  become,  does  it  not?— 
Decidedly. 

603.  And,  thcreforo,  tho  less  important  does  the 
condensing  system,  which  neutralizes  that  pressure, 
also  become?- Yea. 

604.  (Mr.  Dickinson.)  For  all  ordinaiy  pressures 
you  prefa*  a  steel  boiler  with  two  tubes  to  the  old 
Cornish  Ixnlcr,  do  you  not  ?— I  think  an  ordinaiy 
boilei*  with  two  tubes — six  oi*  seven  feet  boiler  28  or 
SO  feet  long — is  the  best  practical  boiler  known.  Thei-e 
may  be  ImUots  which  evaporate  a  little  more  water 
with  a  given  amount  of  fuel,  but  tiding  eveiything 
into  considci'ution,  the  nou-Hability  to  get  out  of 
repair,  the  facility  of  construction  and  general  appli- 
cability, I  think  that  is  the  best  boiler  for  stationary 
purposes. 

605.  That  is  the  boiler  which  is  called  tho  limca- 

shire  boiler? — Yes. 

606.  (Sir  IVitliam  Armstrong.)  Do  you  know  a 
boiler  consistiug  of  a  plain  cylinder  with  three  or  four 
iuch  tubes  passing  from  end  lo  end,  the  five  below  the 
boiler  acting  directly  in  the  first  instance  on  the  under- 
side of  the  boiler,  and  then  turning  through  the  small 
flues  and  communicating  its  lieat,  %vith  the  advantage 
of  a  veiy  small  tliickncss  of  metal  ? — Yes  ;  T  have 
used  a  boiler  of  that  description  with  very  great  ad- 
vantage ;  but  that  boiler  has  the  objection  winch  all 
boilers  must  have  where  Uie  fire  is  placed  outside  and 
underneath,  namely,  that  if  there  is  any  deposit  it 
finds  its  way  to  the  lowest  point  which  is  immediately 
over  the  hottest  part  of  the  fire,  thus  producing  very 
rapid  deteriomtion.  Wo  prefer  an  internally-fired 
boiler;  it  always  gets  rid  of  that  objection,  because  the 
d-jposit  falls  outside  mid  clear  of  that  part  of  the 
boiler  where  the  fire  is  most  active. 

607.  (Mr,  Dickinson.)  You  spoke  of  the  necessity 
of  comparing  steam-engines  under  similar  circum- 
stances. May  not  some  of  the  advantages  which  have 
been  attributed  to  the  Coiiiish  boiler  have  arisen  from 
the  fact,  that  only  the  best  Welsh  steam  coal  has  been 
used  in  titat  boiler  ? — In  comparing  boilers,  I  assamQ 
lhat  the  flame  fuel  is  used  in  both  cases. 
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B46  608.  When  you  arrived  at  the  20  per  cent,  economy 
J.  Sickf  Esq.  of  fuel  in  the  case  of  the  Comiah  boiler,  was  the  same 
..^  oqbI  used  £oT  the  comparism  with  otho-  boilers? — 

18  May  1868. 

609.  Those  who  placed  it  at  much  larger  amounts 
may  have  done  so  from  the  fact  of  not  knowing  that 
the  very  best  South  Wales  steam  coal  was  used  in 
Comwul  ? — Yes  j  but  there  are  aisee  where  the  same 
coat  has  beoa  used  with  both  the  iron  and  steel  boilers, 

610.  And  in  that  case  yon  say  there  is  a  saving  of 
20  per  cent.  ? — Yes ;  so  tluit  it  is  entirely  due  to  ibo 
eystem* 

611.  {Chairman.)  The  fact  is  that  they  are  now 
using  a  verr  poor  Welsh  coal  for  the  steam  engines  in 
Cornwall  ? — I  know  that  the  boilers  have  been  com- 
pared with  the  same  coaL 

612.  {Mr.  Vivian.)  The  Cornish  boilers  have  never 
used  large  Welsh  coal,  they  have  all  bncn  fired  with 
slack,  so  that  in  reality  yon  must  compare  the  duty 
done  by  Cornish  en^es  with  others  using  not  large 
cool  but  slack  ? — Yes.  If  I  imderstand  the  object  of 
this  inqauy  it  is  to  ascertain  the  amount  of  cool  that 
is  likely  to  be  used  and  that  is  used. 

613.  {(^airmaii.)  Thai  is  the  great  object. — I 
may  state  t^us,  that  in  consequence  of  the  reduced 
amount  of  coal  consumed  in  steam  engines  of  a  given 
power,  in  many  instances  steam  eo^es  are  superseding 
the  use  of  water-wheels ;  that  must  be  taken  into  con- 
sideration in  the  inquiry.  Where  we  formerly  mode  one 
water-wheel  to  ten  steam  engines,  we  do  not  now  make 
one  water  wheel  or  turbine  to  a  hundred  steam  engines. 
I  attribute  that  solely  to  this  fact,  that  steam  engines 
are  worked  so  much  moi'e  economically  than  they 
formerly  were.  Water  is  now  becoming  almost 
valueless  unless  you  can  have  it  perfectly  continuously. 
A  dry  season  would  paralyze  any  factory  if  th^  had 
not  a  steam  engine  to  fall  back  upon.  So  that  in 
addition  to  the  prospective  increase  of  steam  engines, 
based  npou  what  has  been  the  gradual  and  usual  rate 
np  to  present  tim^  you  must  not  lose  edght  of  this 
fact  I  have  named,  vis.,  the  euperseding  of  water  wheels 
\(j  steam  engines. 

614.  I  kmow  a  paper  numuAictory  on  the  Btver 
Exe  where  they  were  using  water  power  only,  but 
from  the  inconstancy  of  the  water,  arising  from  the 
circumstance  of  the  draining  of  the  Imd,  they  are  now 
introdudng  and  using  steam  engines  ;  they  get,  as  I 
am  informed  by  the  paper-makers  themselves,  either 
too  much  water  or  none  at  all,  because  in  consequence 
of  the  draining  of  the  country  the  iiunwater  is  very 
soon  carried  away  and  they  havo  no  su^ly ;  hence 
they  are  introducing  steam  power ? — Yes;  I  can 
quite  understand  that. 

615.  {Mr.  Dickinson).  Is  not  it  also  found  thftt 
with  a  steam  engine  there  is  a  much  more  steady 
action  on  the  whole,  which  Is  essential  in  a  cotton 
factory? — Steady  driving  is  very  essential  in  a  cott<m 
fkctory,  and  I  am  not  {nnpared  to  say  that  you  get 
steadier  action  wi^  a  steam  engine  Uian  witii  water 
power,  particularly  where  a  turbine  is  used.  The 
action  of  a  steam  engine  is  produced  by  a  series  of 
impulses  fhnn  the  intermittent  adnussion  of  the  steam 
in  the  up-and-down  stroke,  and  this  would  produce  a 
very  irregular  motion  if  not  con*ected  by  the  fly- 
wheel. The  water-wheel  is  not  subject  to  this  irre- 
gularity, the  acting  force  is  constant,  and  if  the  power 
required  was  constant  and  invariable  the  action  would 
be  perfectly  regular.  The  difficulty  of  regulating  a 
water-wheel  of  the  ordinary  bucket  construction  arises 
from  the  fact  that  if  an  amount  of  work  be  taken  off 
an  acoelwation  of  speed  is  the  result,  as  the  buckets 
cannot  dischai^e  the  water  they  contain  until  the 
-wheel  has  made  neariy  half  a  revolution  (this  depend- 
ing upon  the  point  where  the  water  is  laid  on)  at  an 
increased  speed,  such  increase  causing  the  governor  to 
diminish  the  supply  of  water,  and  by  the  time  this 
has  taken  place  the  work  is  put  on  agun,  ai^  re- 
quiring the  full  supply  of  water  at  the  tune  the 
buckets  are  <m\j  partiaQy  filled,  so  tiiat  in  order  to 
get  a  regular  and  continuously  steady  motion  the 
governor  ought  to  be  able  to  luticipate,  and  this  can 


only  be  done  by  human  agency.  The  turbine  is  not 
subject  to  this  difficulty,  and  can  be  governed  much 
in  the  same  w^  as  is  a  steam  engine. 

616.  {Mr.  Vivian.)  They  have  never  worked  the 
counteiffieni  in  a  water-wheel,  have  they  ? — do  not 
know. 

617.  That  of  course  is  a  ready  method  of  equalimug 
the  acdon  ?— Fly-wheels  are  used  in  foives  and  inm 
rolling  ndUs  in  connexion  with  water-iriieel^  but  I 
do  not  know  of  their  use  in  Victories.  '  The  turbine 
can  be  regulated  with  a  throttle  valve  just  as  yon 
would  regulate  tiie  admission  of  steam  in  a  steam 
oogine. 

618.  (Chatrman.)  To  return  to  our  miuni  inquiry. 
I  think  I  gather  from  the  evidence  with  which  you 
have  favoured  us,  that  you  consider  that  there  has  been 
a  considerable  economy  in  the  use  of  coal  in  the  pro- 
duction of  steam,  and  that  there  is  a  probability  that 
that  economy  will  be  still  further  increased,  hence  we 
sh^  be  using  much  less  coal  in  the  production  of  steam 
power  throughout  the  country  in  a  few  years'  time  than 
we  are  now  ?— Yes  j  I  Uiink  so  to  a  very  great  extent, 
for  although  there  are  isolated  cases  where  two  and  a 
half  and  three  pounds  of  coal  are  used  per  indicated 
horne  pnwer  per  hour,  a  laige  proportion  of  the  engines 
employed  in  this  country  consume  double  that  amount. 

619^  {Mr.  Vitfian.)  Per  indicated  horse  power? 
— Yes.  Many  experiments  havo  been  made  with 
regard  to  the  evaporation  of  water  in  boilers,  and 
when  you  ai'C  testing  an  engine  the  first  thing  to  be 
done  is  to  test  the  power  of  the  boiler.  The  eva- 
poration v^ies.  From  experiments  we  ourselves 
have  made  we  find  that  a  pound  of  coal  will  evaporate 
from  6^  or  7  pounds  up  to  9^  pounds,  the  exact  quan- 
tity depending  upon  the  construction  of  the  boiler  and 
the  fire-grate  and  the  mode  of  putting  it  on. 

620.  And  also  the  pressure  ? — Yes. 

621.  I  mean  to  say  that  a  pound  of  coal  will  not 
evaporate  as  much  when  under  a  pressure  of  a  hundred 
pounds  as  under  a  thousand  ? — No ;  I  speak  of  it 
with  an  open  manhtde  lid.  Yon  must  have  all  the 
expoiments  alike;  that  ^nanti^  of  water  will  be 
boiled  avniy  with  an  opea  hd. 

622.  {Sir  William  Amuirong.)  But  it  would 
make  no  substantial  difference  vrhether  you  converted 
the  water  into  steam  with  a  pressure  of  100  lbs.  or 
with  only  the  atmcwpheric  pressure  ;  it  is  the  quantity 
of  water  boiled  away  that  makes  the  difference  ?— It 
would  make  an  essential  difference,  for  you  could  not 
boil  away  or  convert  into  steam  the  same  quantity  of 
water  under  100  lbs.  pressure  as  you  would  in  an  open 
vessel ;  the  temperature  of  the  former  would  be  about 
340  degrees,  and  the  latter  only  212  degrees. 

623.  {Chairman.)  May  we  not  look  for  a  con- 
siderably increased  economy  in  the  production  of 
steam  hj  covoing  the  boilers  mure  carefully  than  we 
find  them  covered  in  the  midland  counties  and  in  the 
north  of  I^gland  ? — I  believe  it  is  posnble  to  efifect 
a  great  saving  in  that  way ;  aod,  as  c(»l  becomes  more 
vidnable,  we  shall  pay  more  attention  to  the  covering 
of  our  boilers  with  a  non-conducting  material 

624.  {Svr  WtUiam  Armstrong.)  Taking  steam 
boilers  as  they  are  generally — I  am  not  spewing  of 
that  used  with  the  Corliss  engine  or  any  other  in  par- 
ticular, but  I  am  Epe^ng  of  the  ordinary  run  of  high- 
pressure  steam  engines  as  used  in  manufactories  and 
elsewhere — what  do  you  think  is  the  general  con- 
sumption of  fuel  per  horse  power  per  hour  on  the 
averse  ? — I  should  say  from  four  to  five  pounds. 

625.  In  high-pr^ure  engines  ? — No ;  condensing 
engines. 

626.  The  high  •pressure  engines ''are  much  more 
common  ?— In  condensing  engiues  there  is  a  much 
smaller  quantity  used  than  ui  the  non-condensing 
engines. 

627.  Let  us  take  each  separately,  beginning  witJi 
non-condensing  engines ;  what  do  you  think  is  the 
consumption  of  fuel  in  them  ?  —  Non-condensing 
engines,  I  think,  are  not  so  carefully  attended  to  as 
the  others ;  tiiose  are  the  engines  in  which  I  have  put 
down  A  conaumptim  of  from  seven  to  eight  poundsi 
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A  man  will  only  put  down  a  non-oondensing  engine 
where  co&l  ia  very  cheap  and  water  rery  difficult 
to  get. 

628.  Taking  the  consnmption  of  coal  as  yon  say 
%t  fVmn  seven  to  eight  pounds,  supposing  the  most 
improved  fonn  of  non-condensing  engine  of  tha 
present  day  was  snbstitated  for  it,  what  would  the 
reduction  in  the  consumption  be  ? — I  mustonderstand 
the  question  dearly.  Would  you  say  that  the  best 
finrm  of  en^ne  is  tlie  Corliss,  or  any  othw  ? 

629.  I  wank  to  know  what  the  existing  expenditure 
is,  and  how  far  that  expenditure  will  be  reiduced  by 
the  introduction  of  the  most  improved  form  of  engine  ? 
—With  regard  to  non^ondensing  engines,  I  believe 
that  an  engine  baming  from  eight  to  nine  pounds 
night  be  reduced  to  5^  or  6  pounds ;  and  Z  bolleve 
that  a  condenaiDg  engine  using  fi'om  four  to  five 
pounds  can  bo  brought  down  to  2  w  2^  pounds. 

630.  If  it  was  put  upon  the  footing  of  the  Corliss 
engine  with  a  steel  boiler  and  so  on  ? — Yos. , 

631.  You  think  that  a  saving  of  50  per  cent,  might 
be  effected  upon  non-condensing  engines  ?  —  Yes  ; 
you  might  put  it  upcm  both. 

682.  Ton  think  there  might  be  a  saving  of  60 
per  cent,  both  upon  condensing  and  nos-condenrii^ 
engines  ? — ^Yes,  generally.  - 

633.  Then  it  comes  to  this,  that  a  saving  of  50  per 
cent,  upon  the  whole  consumption  of  coal  for  steam 
purposes  could  be  effected  ? — Yes ;  I  would  answer 
that  question  generally.  This  saving  might  be  effected 
on  the  majority  of  engines.  In  a  fbimer  part  of  my 
ovidenee  I  have  stated  that  the  Corliss  engine  effected 
a  saving  of  10  to  12  per  cent,  over  the  best  single- 
<^linder  engine  I  am  acquainted  with,  but  it  effects  a 
saving  of  fimn  25  to  50  per  cent,  over  the  m^ority  of 
engines  now  in  use. 

634.  {Mr.  Vtvian.)  Assuming  that  yon  continue 
to  nso  non-condensing  engines  where  you  now  use 
them,  but  supposing  you  attach  low-pressura  cylmdras 
to  those  non-condensing  engines,  then  the  saving  upon 
those,  I  presume,  would  be  considerably  greater  ?— 
Decidedly;  because  you  bring  the  seven  or  eight 
pounds  down  to  2  or  2\  ponuds.  But  is  not  that 
rather  begging  the  question,  because,  where  high- 
pressnre  engines  are  put  down  now,  it  is  because  yon 
cannot  put  down  the  others. 

635.  {Sir  William  Armstrong.)  Where  those 
engines  axe  put  down  there  are  special  reasons  for  it  ? 
""les. 

636.  Therefore  it  is  better  to  consider  what  im- 
provement one  can  effect  on  the  existing  classes  of 
engine  ? — ^Yee.  Ia  the  wwks  at  Bdton  we  have  a 
number  of  high-pressure  engines,  because  we  have  no 
water  to  supply  condensing  engines  beyond  a  small 
reservoir  whidi  ia  used  for  a  SO-horse  power  engine, 
and  we  could  only  buy  the  town's  water  at  SdL  per 
1,000  gallons,  or  we  must  centralize  the  condensing 
apparatus  and  take  pipes  from  the  difibrent  engines 
to  it,  which  would  be  inconvenient,  and  the  vrater 
would  cost  more  than  the  extra  fueL 

637.  {Mr.  Vivian.)  Is  it  possible  to  adopt  surface 
condensers  with  air  with  any  engine  ?  —  Yes ;  I 
think  so. 

638.  That  would  get  over  the  difficulty  of  water, 
would  it  not? — That  raises  another  question,  whether 
it  would  be  worth  while,  and  whether  it  would  not  cost 
you  more  in  other  ways,  considering  that  you  have  to 
pass  audi  a  quantity  to  get  an  equivalent. 

639.  {Sir  William  Armstrong.)  I  think  that  the 
condendng  engine  is  more  likely  to  give  Tniy  to  the 
non-condensing  than  the  reverse? — It  depends  on 
circumstances. 

640.  {Mr.  Viman.)  I  think  you  sud  tlut  the 
greater  the  pressure  of  steam  the  less  the  relative 
advantage  of  using  the  condensing  principle  ?— Just  so, 

641.  ^But  you  have  always  a  constant  gain  in 
a  condensing  engine  equivalent  to  some  14  pounds 
constant  pressure  upon  the  piston,  have  you  not  ? — 
Tea. 

642.  That  is  a  gun  which  you  obtain,  in  point  of 
{^t,  without  any  outlay  of  coal  ? — Tes. 

L 


643.  Then  that  must  surely  be  always  in  your       B  47 
favour  under  all  drcumstances  ? — ^In  estimating  the  J  Hick,  Esq. 

amount  of  advantage  from  the  condeusing  principle   

you  must  take  tliis  into  consideration  :  it  is  not  all  **^^^^869. 
saving,  as  is  shown  by  the  indicator  diagram,  because, 

if  you  put  the  indicator  on  to  a  cylind^,  it  shows  you 
the  exact  amount  of  preasure  of  steam  and  vacuum, 
but  it  does  not  tell  you  whi^  is  absorbed  by  the  air- 
pump,  but  you  must  deduct  less  for  friction  in  a  non- 
condensing  engine  than  in  a  c<Hiden8ing  engine.  The 
ffurest  way  to  ascertain  the  exact  power  is  by  the 
dynamometer  from  the  end  of  the  ci'ank  shaft ;  then 
you  get  the  actual  duty  don^  and  the  power  absorbed 
by  the  air-pump  into  the  bai^^o.  That  is  the  fairest 
way  of  taking  it,  but  what  I  am  giving  I  have  taken 
from  the  indicating  diagram,  so  that  it  would  quite 
corroborate  Sir  William  Armstrong's  view  of  the  case, 
that  there  is  not  so  much  in  favour  of  condeosing  as 
appears  upon  the  face  of  it,  because  a  condensing 
engine  would  not  show  such  a  favourable  result  as 
compared  with  a  non-condensing  engine,  if  the  power 
was  taken  by  the  dynamometer  at  the  end  of  the  crank 
shaft. 

644.  {Sir  William  Armstrong.)  And  that  advan- 
tage, whatever  it  may  be,  would  be  lew  and  less  as 
you  diminish  the  pressure  you  employ  ? — ^Yes  ;  cer- 
tainly. 

645.  {Mr.  Vivian.)  What  is  the  ratio  of  the  prea- 
sui-e  of  steam  in  the  cylinder  and  the  boiler  ? — The 
average  pressure  would  depend  upon  the  proportion  of 
the  amount  of  cut-off  and  the  amount  of  expansion  as 
regards  the  initial  pressure  ;  we  get  it  within  a  pound 
or  half  a  pound  of  what  it  is  when  it  leaves  the  boiler. 

646.  {Mr.  Dickinson.)  What  dynamometer  do  you 
use  ? — Tho  ordinary  lo'eak  at  the  end  of  the  crank 
shaft,  with  a  large  pulley;  what  is  called  the  Prony's 
tH'eak.  I  would  merely  add  one  remark  with  regard 
to  non-condensing  engineSt  It  is  quite  my  opiniga 
that  in  towns  we  shall  be  driven  of  neoesdty,  if  there 
is  much  incresee,  to  use  high-pressure  engines,  in  con- 
sequence of  the  Bcardty  m  water,  but  it  is  not  so  in 
he  country.  We  find  that  the  non-condCTsing  engine 
does  not  stand  so  unfavourably  even  there  as  it  was 
supposed  to  do,  because  the  fact  of  the  loss  of  power 
in  working  the  air-pump  has  not  been  sufficiently 
considered  by  many  engineers  formerly,  as  now  it  is. 

647.  (Sir  William  Armstrong.)  Sir  Daniel  Gooch 
has  informed  us  that  in  a  good  locomotive  eugino  the 
consumption  of  fuel  now  is  about  2^  pounds  per  horse 
power  of  coke  ;  would  you  concur  in  that  opinion  ?— 
I  have  not  sufficient  experience  to  form  an  opinion. 

648.  You  have  no  reason  to  doubt  i^  have  you  ?~ 
I  have  no  reason  to  doubt  it. 

'649.  Supposing  that  to  be  the  case,  it  would  follow 
that  a  locomotive  engine  is  as  economical  of  fuel  as 
the  best  condensing  engine  ? — ^Yes  ;  but  anoUier  thing 
must  not  be  lost  sight  of.  In  a  loomaotlTe  engine  you 
are  passing  the  heat  through  a  much  thinner  medium 
than  is  the  case  with  the  other  boilers,  and  you  are 
using  a  boiler  which  for  that  purpose  is  the  best  boiler 
that  can  be  used,  but  it  is  not  so  durable,  and  a  loco- 
motive engine's  life  is  not  more  than  two  or  Uiree 
years'  constant  running,  whereas,  in  a  &ctory,  an 
engine  will  last  for  20  yean. 

650.  But  all  yon  could  possibly  do  by  applying  the 
ccmdensing  system  to  the  locomotive  engine  would  be 
to  get  rid  m  the  back  pnssure  of  the  piston  ? — Thu 
pressure  on  the  piston  being  100,  and  the  pressure  of 
the  atmosphere  being  15,  the  utmost  you  could  do 
would  be  to  neutralixe  that  15  out  of  the  100.  I 
slwuld  say  decidedly  that  there  cannot  be  two  opini<ni« 
as  to  the  nndesirableness  of  such  an  application. 

651.  {Mr.  Vivim  )  On  the  other  hand,  all  your 
parts  are  travelling  very  quickly,  are  th^  not,  and  are 
very  liable  to  get  out  of  order  ? — ^Not  with  wdinary 
care. 

652.  In  large  engines  on  the  condensing  principle 
yon  have  a  very  slow  traveUing  of  the  pu'ts  and  a 
very  trifling  repair,  have  you  not,  through  a  long 
series  of  years  ? — That  is  so,  no  doubt,  but  with  an 
inerrased  speed  of  piston  and  a  givrat  amount  of  work 
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B  48  to  perfonu,  a  proportionately  smaller  engine  would  suf- 
J.  Bid,  £ag.  fice,  and  the  cost  of  increased  wear  and  tear  would  be 

  more  than  met  by  the  saving  on  first  cost  of  the  smaller 

18  May  IB69.  engine.  We  someUmes  run  the  Corliss  engines  up  to 
600  feet  per  minute  of  piston  without  any  eztraOTdi- 
nary  wear  or  risk  of  damage,  but  the  air-pump  bucket 
cannot  be  worked  with  advantage  at  more  than  half 
that  speed*  if  bo  much. 

653.  The  wear  and  tear  of  an  engine  working  so 
quick  is  much  greater  than  that  of  one  working  slow, 
is  it  not  ? — Yes. 

654.  So  that,  in  fact,  as  regards  repairing  your 
machineiy,  you  have  scarcely  any  wear  upon  large 
heavy  engines  of  the  old  construction,  whereas  you 
have  a  veiy  heavy  wear  upon  the  small  high-pressure 
engines,  have  you  not  ?  —  In  the  same  time  with 
a  quick  going  engine  you  have  much  more  wear 
necessarily,  but  you  must  take  into  consideration  the 
amount  of  work  done. 

The  witnei 


655.  Assuming  that  the  work  was  the  same  ?— 
The  work  could  not  be  the  same  with  the  same  engine 
running  at  an  increased  speed  and  same  pressura  of 
steam ;  that  is,  if  yon  increase  the  speed  you  must 
diminish  the  pressure  of  steam  or  apply  more  work  to 
bo  driven. 

656.  Assuming  that  I  hare  a  certain  amount  of 
power  to  get,  a  eertun  number  of  pairs  of  looms  to 
drive,  or  machinery,  it  matters  not  what^  to  keep  in 
motion,  the  work  being  the  same  iu  both  cases,  the  - 
wear  and  tear  in  one  would  be  infinitely  greater  than 
in  the  other,  would  it  not  ? — It  would  certainly  bo 
greater,  but  it  would  be,  as  I  have  before  stated,  on  a 
smaller  and  less  costly  engine. 

657.  (.Sir  William  Armstrong.)  In  the  larger 
engine  it  would  extend  over  a  lai^e  ^pwatns,  there- 
fore the  wear  and  tear  would  he  more  serionsina 
lai^e  engine  than  in  a  small  one  ? — ^Yes. 

withdrew. 


fa'  ^'f^*S  William  FAmnAiKN,  F, 

^-Jm  '        6£8.  {Chairman.)  Ton  have  had  long  experience 

18  Vmj  1869.  in  iron  mannfactnro,  and  consequently  you  have 
seen  all  the  viu-ious  changes  which  have  taken  place 
and  the  economies  which  have  been  effected  in 
that  manufacture,  for  many  years.  Will  you 
kindly  give  us  some  information  as  to  the  result 
of  your  experience  upon  the  manufacture  of  iron  ? — 
I  think  tliat  there  is  a  very  large  field  for  economy 
aud  for  a  saving  of  fuel  with  regard  to  the  manufac- 
ture of  iron  ;  and  at  the  same  time  I  think  that  we 
have  been  in  a  state  of  transition  ever  since  the 
introdnctinn  of  the  Bessemer  process.  It  strikes  me 
very  forcibly,  as  far  as  my  expciience  goes,  that  there 
is  still  room  for  a  great  improvement  with  regai-d  to 
the  saving  of  fuel.  1  believe  the  amount  of  fuel 
consumed  now  in  the  smelting  of  the  ore  is  about  2^ 
tons  of  coal  to  a  ton  of  iron.  I  am  also  of  opinion 
that  t^t  may  be  reduced,  probably  increasing  the 
temperature  of  the  blasts  and  utilizing  the  gases  in  the 
-nay  in  which  tiie  latter  has  now  been  draie  duiiog  the 
last  six  or  seven  years. 

659.  Tou  have  spoken  of  the  blast  furnace ;  but  in  the 
ordinaiy  process  of  manufacture  of  bars  and  rails  and 
BO  on,  do  you  think  that  an  economy  may  be  efiected  ? 
— ^Yes ;  I  have  endeavonred  to  make  out  a  statement, 
which  I  have  here,  of  the  quantity  of  coal  that  is 
consumed  in  the  manufacture  of  iron  and  steel,  and 
I  find  that  it  is  about  5^  tons  per  ton  of  iron,  first  of 
all  aboat  2^  tons  in  the  blast  furnace,  and  then  again 
about  three  tons  in  the  whole  of  the  subsequent  jro- 
cesses,  such  as  the  rolling,  paddling,  and  every  pro- 
cess connected  with  the  conversion  of  iron  into 
steel. 

660.  {Mr.  Geddea.)  Of  raw  coal?— Yes;  I  believe 
altogether  the  consumption  of  coal  in  our  iron  manufac- 
tories alone,  would  come  to  somethiug  like  23,000,000 
tons  per  annum. 

661.  (CAotrman.) — There  has  been  a  considerable 
economy  effected  within  your  remembrance  of  the 
iron  manufacture,  has  there  not  ?  —  Very  great 
indeed.  If  we  argue  from  what  has  already  been 
done  to  what  may  yet  be  accomplished,  I  should 
think  that  rather  more  than  double  the  quantity  of 
fuel  was  consumed  formerly  before  the  introduc- 
tion of  hot  blast,  and  that  in  proportion  to  the 
quantity  of  iron  produced  as  compared  to  what  is 
consumed  at  the  present  day.  I  also  think,  by 
utilizing  the  gases  A-om  the  famnco  particularly,  and 
probably  other  improvements,  either  with  regard  to 
the  height  of  the  furnace  or  the  temperature  of  the 
blast,  still  greater  economy  may  be  effected.  I  do  not 
think  that  we  hare  arrived  at  the  maximum  of 
economy  that  m^  be  effected  in  this  department  of 
indnatr^ 

662.  Tou  have  written  on  the  subject,  and  have  con- 
sidered it  very  extensively  ;  are  you  disposed  to  think 
that  we  are  on  the  road  to  still  gre^r  economy  in 
the  tue  of  coid  as  regards  the  maufacture  of  iron 
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I  am  of  opinion  that  we  have  not  arrived  at  the 
maximum  of  economy  by  any  means;  we  are,  however, 
progressing  satisfactorily.  AnoUier  process  for 
making  steel  has  come  ont  lately,  and  that  is 
Kir.  Heaton's  system  of  introducing  nitrate  of  soda 
into  tlie  process  of  combustion,  I  am  not  aware 
what  may  be  the  amount  of  economy  effected  by  his 
process,  or  at  what  rate  of  cost  he  can  produce  hia 
steel,  or  whether  he  can  equnl  Bessemer  or  not ;  but 
he  does  produce  good  steel.  I  do  not  exactly  know 
the  cost  of  it ;  but,  so  far  as  regards  the  quality  of 
the  steel,  I  have  experimented  upon  it,  and  I  find  it 
vciy  good  indeed;  snperior,  I  think,  to  the  Besoaner 
steel. 

663.  Are  they  able  to  produce  it  with  coDBteau^ 
at  each  operation     I  am  not  aware  of  that. 

664.  No  doubt  there  is  an  economy  in  the  Heaton 
process,  I  wish  to  ai^  whether  it  was  confiimed  aa 
regards  Its  constancy  of  action  ? — do  not  think  the 
parties  themselves  are  prepared  to  answer  that 
question  ;  to  say  at  what  cost  they  produce  the  steel, 
compai-ed  with  the  other  pi-ocesses. 

665.  But  supposing  that  process  to  bo  a  correct 
and  satisfactory  process,  there  would  be  a  large  economy, 
I  believe,  in  the  use  of  coal  ? — Very  probably,  I  am 
not  aware  to  what  extent,  the  saving,  if  any,  has  been 
efiected.  The  consumption  of  coal  in  the  manu&cture 
of  iron  and  steel  is  veiy  large,  and  may,  with  proper 
attention  to  the  different  processes,  be  reduced. 

66.  Before  we  leave  the  question  of  the  Heaton 
process,  which  is  certainly  one  of  interest,  have  you 
any  idea  of  what  is  really  tailing  place  in  Ute  process. 
We  are  using  nitrate  of  soda.  The  nitrate  of  aoda  is 
converted  into  nitrous  oxide ;  and  I  suppose  the 
sodium  passing  tlirough  the  melted  iron  plays  its  part 
in  the  lormation  of  a  slag  ? — No;  I  have  no  inlbr- 
nuUion  upon  that  poinl^  except  what  I  received  from 
Br.  Miller;  and  not  being  a  chemist  myself  I  am 
not  cxastly  prepared  with  information  as  to  the  efifects 
produced  by  nitrate  of  sodium  upon  the  process  ;  but 
Dr.  Miller  informed  me  that  the  process  was  very 
satisfactory, 

667.  Is  there  any  other  direction  in  which  you  see 
a  fair  prospect  of  an  economy  of  any  considerable 
extent  being  carried  out  in  iron  manufacture  ? — 
think  that  ultimately  wo  shall  find  that  instead 
manufoctarinc  iron,  except  for  certain  special  pur- 
poses, we  shall  manufacture  steel,  and  that  steel  will 
become  applicable  more  to  the  nsefiil  arts  than 
even  iron  itself.  It  is  a  much  stronger  material,  even 
for  purposes  snch  as  that  which  Mr.  ICck  was  men- 
tioning, for  the  construction  of  boilers.  Steel  is  a 
veiy  superior  material  to  irpn  far  a  variety  of 
purposes ;  at  the  same  time  I  think  it  would 
reduce  ihe  weight  of  structures  very  couhiderably  ;  and 
the  only  difiiculty  I  see  in  it  is,  Uiat  I  do  not  Uiink 
we  have  arrived  at  that  state  of  perfection  in  the 
different  processes  which  would  render  the  whole  of 
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the  steel  manuracture  perfecUj  tiniforni.  In  the 
maDufacture  of  stoel  hj  the  new  process  t^ere  is  a 
want  of  uniformity  in  some  cases,  and  you  cannot 
always  depend  upon  the  quality  of  either  plntes  or 
bars. 

668.  {Sir  IVilliam  Armstrong.)— Is  not  the  diffi- 
culty of  welding  a  great  drawhaclc  to  the  use  of  steel  ? 
—Yes;  but  they  weld  the  Bessemer  steel. 

669.  It  is  done  very  indifferently  ? — They  say  they 
do  it;  it  certa-nly  is  very  objectionable,  particularly 
in  the  manufacture  of  bars.  1  do  not  know  whether 
you  have  tried  the  process  of  welding  that  descrip- 
tion of  steel. 

670.  I  have  tried  steel  in  almost  every  sliape  and 
form,  and  I  hare  got  an  impression,  that  with  proper 
care  and  attention  these  difficulties  may  be  over- 
come. 

671*  (JUr.  JE>«eiluuon.)  I  believe  you  also  expect 
economy  from  the  use  of  higher  pressure  steam  than 
what  is  now  being  generally  used  ? — I  have  no  doubt 
of  it.  My  opinion  is  that  we  are  far  short  of  the 
pressure  which  is  necessary  to  eifect  economy  in  the 
production  of  steam.  I  should  go  up  to  150  or  200 
pouuds  upon  the  square  inch  in  order  to  effect  a 
lai^r  system  of  expausion. 

672.  {Sir  William  Armstrong.')  In  that  case 
would  you  use  condensing  or  non-condensing  eu- 
^es  ? — I  do  not  attach  much  importance  to 
the  condensing  principle.  My  opinion  is.  that  it 
is  more  in  the  pressure,  and  in  the  rate  of  expan- 
sion, that  the  opportunity  for  economy  is  to  be 
found.  I  am  making  some  experiments  at  the  pre- 
sent moment  with  regard  to  tlu^  We  are  just  now 
ctmstrncting  an  engine  with  three  cylinders,  and  I 
propose  to  work  it  with  150<pounds  pressure  of  steajn. 
The  three  cylinders  are  so  proportioned  that  at  the 
end  of  the  stroke  the  second  cylinder  will  receive  the 
steam  irom  the  first,  and  the  area  of  the  cylinders  are 
such  as  to  correspond  with  the  rata  of  expansion,  so 
as  to  enable  the  volume  of  steam  passing  ftom  the 
first  cylinder  to  be  received  by  the  second,  and  then 
i^ain  pass  on  the  last,  from  which  it  is  condensed  in 
the  usual  way.  I  do  not  recollect  the  exact  propor- 
tions at  present,  but  they  are  intended  to  promote 
economy  in  the  use  of  steam. 

673.  {Mr.  Dickinson.)  That  is,  carrying  out  still 
farther  Wolff's  principle  ? — Yes,  by  the  fJiree  cylin- 
dors,  and  the  last  cylinder  being  a  coursing  one. 
With  regard  to  the  locomotive  engine,  I  have  a  very 
strong  opinion  that  we  are  not  able  to  do  much  in 
the  way  m  economy  in  tiiat  directiw.  We  have  had  it 
in  work  now  nearly  40  years,  and  there  has  not  been 
mnch  improvffluent  in  it,  which  speaks  volumes  for 
the  original  inventors  and  subsequent  improvers. 

674.  {Sir  William  Armstrong.)  If  you  were  to  use 
steam  of  150  pounds  pressure,  what  form  of  boiler 
would  you  use  ? — We  must  either  use  the  locomotive 
boiler,  or  else  adopt  one  of  a  smaller  diameter,  or 
something  like  the  French  boiler.  I  have  not  yet 
determined  what  we  shall  do  In  re^rd  to  the  principle 
of  the  boiler. 

676.  What  do  you  mean  by  the  French  boiler  ?— 
It  is  composed  of  three  cylinders  ;  two  smaller  ones 
below  in  connection  with  a  larger  cylindo*  iii  the 
centre.  That  is  a  boiler  which  is  in  venr  general 
use  in  France,  and  also  in  other  parts  of  the  con- 
tinent. 

676.  {Mr,  Viviaa.)  Are  the  three  cylinders  filled 
with  water  ? — ^Yes,  except  the  top  one,  and  that  is 
about  two  thirds  full 

677.  {Sir  William  Armstrong.)  You  spoke  just 
now  of  the  quantity  of  coal  used  in  the  production 
of  a  ton  of  iron  from  the  smelting  fumacCj  and  yon 
Biud  it  was  about  2\  tons  ? — Yes. 

678.  That  would  be  equivalent,  I  sumose,  to  25 
hundredweight  of  coke,  would  it  not  ? — T  suppose  it 
would.    I  am  not  exactly  sure  of  the  proportion. 

679.  I  dare  say  you  are  aware  that  that  is  abont 
the  present  consnmptitm  where  the  furnaces  are  upon 
the  most  approved  principle,  and^wheov  all  the  gases 
are  ntiUzed  7— Yes. 


GSO.  That  being  the  case,  do  yon  see  mneh  scope       B  49 
for  further  improrement  so  far  as  the  smelting  of  iron  D^- 
is  concerned  ?— That  is  if  yon  use  coke  instead  of  «»>n^£^-^- 


coal. 


681.  Using  what  you  like.  The  present  consump- 
tion of  coal  in  those  cases  where  the  gases  are  entirely 
utilized,  and  where  the  furnaces  have  been  carried 
to  the  greatest  height  that  is  deemed  advantageous, 
is  at  present  about  what  you  state,  2^  tons  of  coal, 
or  25  hundredweight  of  coke.  In  those  cases  where 
these  recognized  improvements  htive  b^eu  fully  carried 
out.  do  you  think  that  there  is  a  mnch  further  field 
for  improvement  and  economy  ? — I  do  not  suppose 
that  there  is  a  much  further  field  for  economy  in  a 
case  of  that  sort;  but  I  do  not  think  it  is  generuly  so, 
as  a  number  of  furnaces  do  not  avail  uemselves  of 
the  new  improvements.  I  am  not  quite  sure  whether 
the  whole  of  the  gases  which  are  ttJcen  from  the  flu> 
nace  are  sufficient  to  work  the  steam  engine,  the  blast 
engine,  and  at  the  same  time  to  heat  the  air, 

682.  In  general  they  are  just  about  a  baWce  ?— 
If  these  proportions  ore  nicely  balanced,  the.a  in  my 
opinion  you  have  nearly  arrived  at  the  point  where 
you  will  not  be  able  to  effect  a  much  gi-eater  economy. 

683.  {Mr.  Vivian.)  That  is  to  say,  if  you  mdce  pig 
iron  ? — Yes.  Of  course  I  look  upon  it  in  every  case 
that  you  should  collect  the  gases,  and  utilize  them 
properly  for  the  smelting  of  the  ore. 

684.  (Sir  William  Armstrong.)  Then  the  great 
possiUo  economy  you  contemplato  is  in  the  subse- 
quent processes  ? — ^Yes,  I  think  so.  I  think  in  tho 
puddling,  the  rolling,  and  every  other  process  of  this 
sort,  we  must  look  for  the  saving  to  be  e£^ted  in  the 
manufacture. 

685.  {Mr  Vivian.)  May  it  not  be  possible  to  drop 
the  first  process  out  altogether,  and  to  get  malleable 
steel  or  malleable  iron  direct  from  the  ore  ? — You 
allude  to  a  possibility  that  you  might  at  once  use  the 
Bessemer  process.  You  must  smelt  first,  I  apprehend. 
I  presume  you  mean  that  you  would  take  the  ore,  and 
put  it  into  the  Bessemer  kettle,  with  a  powerful  blast 
or  some  similar  process. 

686.  Bo  you  know  that  the  worm  is  at  work  now 
upon  making  steel  and  malleable  iron  direct  from  the 
ore  without  the  intervention  of  the  blast  furnace ; 
that  is  the  effort  at  this  moment  ? — I  have  heard 
of  it. 

687.  Mr.  Siemens  is  erecting  works  for  that  pur- 
pose ? — So  I  nndenstand. 

688.  {Sir  William  Amutrong.)  As  I  nnderstend 
it,  1^.  Vivian  contemplates  the  cutting  ont  the 
first  process  ? — I  suppose  so. 

689.  {Mr  Vivian.)  Your  first  process  makes  no 
iron  at  all.  It  makes  pig  iron,  which  is  no  iron  at 
all,  but  a  carburet  of  iron.  That  which  the  worm  is 
at  work  at  now  is  making  the  iron  direct  from  tho 
ore  ? — The  process  would  be,  if  I  understand  it  right, 
to  take  the  ore,  and  put  it  into  an  open  hearth,  with 
a  blast,  so  as  to  produce  malleable  iron  at  once,  by 
depriving  it  of  its  carbon  in  the  process  of  smelting. 

690.  {Sir  William  Armstrong.)  That  is  the  original 
process  of  all  ? — Yea. 

691.  {Chairman.)  It  is  to  return  to  tiie  Catalan 
forge  ? — Yes ;  I  do  not  know  any  other  process  of 
doing  it  than  that. 

6^.  {Mr.  Vivian.)  Are  yon  not  aware  that 
Mr.  Siemens  now  proposes  to  smelt  ore  direct  into 
steel,  and  to  work  that  steel  direct  from  bis  reducing 
furnace  ? — have  heard  that  there  is  some  scheme  in 
progress  just  now  for  the  purpose  of  doing  so,  and 
doing  away  with  the  blast  furnace  ;  but  by  what 
means  they  are  going  to  do  it  I  do  not  know. 

693.  {Sir  William  Armstrong.)  The  first  process 
must  be  the  production  of  the  metal  from  the  ore. 
The  only  process  you  can  cut  ofl'  is  the  process  inter- 
mediate between  the  smelting  and  the  "finol  operation, 
that  is  to  say,  puddling  at  present  ? — Yes ;  by  uniting 
tho  process  of  decarbonization  with  that  of  smelting. 

694.  (Mr.  Vivian.)  If  you  can  make  either  malleable 
steel  or  malleable  iron  direct  feom  the  or^  instead  of  first 
interposii^  tiie  formation  of  the  pig  iron,  and  then  the 
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3  ijd  oouversion  of  that  pig  iron  into  steel  hj  the  Bessemer 
Dr  W  Fair'  processes,  or  into  bars  or  rolled  iron,  yon  do  in  one 
hainit  'f.B.8.  process  what  you  now  require  thi'ee  or  four  to  do ; 

that  is  the  object  which  Mr.  Siemens  has  in  view  at 
13  Hay  1869.  this  moment  ?— I  can  very  easily  conceive  that  by  the 

  regenerating  furnace,  if  you  can  burn  the  carbon  out 

of  the  ore  completely,  you  will  get  it  into  a  malleable 
state. 

695.  Tou  mean  the  oxygen  out  of  the  ore  ? — We 
Bufier  by  the  presence  of  carbon  in  the  pig  iron ; 
and  either  by  the  Bessemer  process,  or  by  the  puddling 
process,  the  object  is  to  deprive  it  of  its  carbon,  and 
to  convert  it  into  mallesblo  iron,  to  burn  it  entirely 
out,  and  then  introduce  a  certain  proportion  of  carbon, 
as  Bessemer  does,  to  convert  it  into  steel. 

696.  But  Mr.  Siemens  proposes  not  to  make  pig 
iron  at  all,  but  to  make  mallesible  iron  or  steel  direct 
from  the  ore  7 — Yes,  so  I  understand. 

697.  {Sir  Wiltiam  Armstrong,')  There  is  no  I'eason 
to  suppose  that  the  reduction  of  ore  to  a  state  of  steel 
would  absorb  less  fuel  than  the  reduction  of  the  same 
material  to  a  state  of  pig  iron  ?— I  apprehend  that 
you  will  not  easily  do  away  with  the  hunmering  and 

The  witness 


rolling  processes,  because  if  you  want  to  consolidaie 
the  steel  or  iron  yon  must  use  coal  or  ooke  for  the 
purpose. 

698.  You  cannot  ran  it  in  the  first  instonce  into  a 
malleable  form ;  you  must  cravert  it  by  some  means 
or  other  into  a  malleable  state  ? — ^Yes.  I  am  decidedly 
of  opinion  myself  that  if  economy  ia  to  be  effected 
at  all  it  must  be  effected  in  the  snbeequent  processes. 
Supposing,  in  the  first  instance,  in  the  blast  furnace 
we  may  reduce  it  to  two  tons  of  fuel  to  one  ton  of 
iron ;  then  comes  the  question  how  we  are  to  reduce 
the  consumption  in  the  subsequent  processes  of  pud- 
dling, rolling,  and  hammering,  and  every  process  of 
this  kind,  down  to  something  like  two  tons  more.  If 
we  could  do  this  we  should  then  produce  one  ton  of 
malleable  iron  and  one  ton  of  steel  with  four  tons  of 
coal,  and  we  might  probably  get  it  a  little  lower, 
provided  Mr.  Siemens'  new  process  succeeds.  That 
appears  to  me  to  be  as  near  the  point  as  we  are  likely 
to  arrive  for  some  years  to  cimte,  unless  this  process 
of  Mr.  Siemens^  which  Mr.  Viriaa  speaks  o^  should 
make  s  total  revolution  in  the  manu&ctnre  of  iron. 

withdrew. 


Dr.  B.  H.  Db.  Bsmjauin  Hobaiio  Paul, 
  699.  {Chairman.)  You  are  a  professional  chemist  ? 

13  May  1869.  — ^^es. 

•   700.  And  yonr  attention  has  been  considei'ably 

directed  to  effecting  eoonomy  in  the  use  of  various 
Icinds  of  fuel  ? — It  has. 

701.  Amongst  otha-s  to  the  use  of  the  petroleums 
or  liquid  fuels  in  general  ? — Yes. 
'  702.  One  chapter  hero  is  headed  "  The  supply  of 
materials  applicable  as  liquid  fueL"  We  have  in  this 
country  a  considerable  amount  of  bituminous  shale, 
which  in  various  places  has  been  distilled  for  the  pro- 
ductiMi  of  oils ;  do  yon  consider  these  shales  or  the 
oils  resulting  from  these  shales  as  bdng  i^actically 
and  eoonomicalty  applicable  aa  fiiei  ?— I  wink  the  oil 
obtained  from  such  shale  by  distilladon  is  cainble  of 
being  used  as  fliel,  but  its  chumcter  is  so  similar  to 
that  of  natural  petroleum  tiiat  its  use  would  be  attended 
with  much  danger,  especially  on  botu^  ships.  In  the 
state  in  which  such  oil  is  obtained  by  distillation  from 
the  shale  it  is  veiy  readily  infiammable  ;  in  fact  it  gives 
off  at  ordinary  temperatures  a  vapour  which  is  quite 
as  infiammable  aa  ordinary  lighting  gas.  That  cir- 
cumstance would,  I  think,  preclude  the  use  ^  of  such 
oil  at  all  for  fuel  on  board  ships.  Another  objection  is 
that  the  oil  is  lighter  than  water,  so  that  any  accident 
to  the  reservoir  holding  the  oil  would  leave  the  oil 
floating  round  the  veswl  and  liable  to  take  fire  j  in 
ships  of  war  that  would  be  an  especial  objecticm, 
because  a  shell  fired  over  a  mass  of  oil  fioating  in 
that  way  would  at  once  fire  it.  There  have  been  two 
or  three  instances  in  which  an  accident  of  tiiat  kind 
has  happraed  and  has  resulted  in  great  danuge  to 
shipping ;  for  instance,  at  Havre  a  petroleum  vessel 
took  fire,  and  at  Antwerp  likewise.  In  one  case  the 
petroleum  flowed  over  the  surface  of  the  harbour  and 
destroyed  or  damaged  a  great  number  of  ships ;  and 
lately  in  the  neighbourhood  of  Croustadt  or  in  the 
Baltic  a  vessel  was  on  fire,  end  the  account  given  of 
it  is,  that  there  was  something  like  a  mile  of  fire  all 
round  the  vessel.  But  it  has  been  proposed  to  t^e 
the  lighter  and  more  inflammable  portion  out,  and  to 
bum  only  the  heavier  and  less  inflammable  oiL  That 
oil  I  think  is  very  applicable  for  use  on  land,  if  the 
oil  can  be  got  at  a  sufficiently  low  price. 

703.  At  tiie  works  of  Mr.  Miller  in  Glasgow  I  saw 
Uiem  unng  the  dead  oils  from  the  neighbouring  gas- 
works in  two  steam  bmlers,  the  oils  bSmg  projected 
in  vidi  a  jet  of  steam,  hx  these  two  tnaes  the  fire 
was  lighted  in  the  morning  with  a  small  quantity  of 
coal,  so  as  to  luat  the  fire-brick  chambers.  After 
that  time  no  Airther  fiiel  was  empk^ed  than  the 
creosote  or  dead  oil  ftom  Hie  gasworks,  which  they 
were  obtaining  then  at  a  very  small  cost,  I  believe 
\d.  Qt  2d.  a  gallon.   Of  oourse  in  that  case  there 
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would  be  a  great  ec<momy  in  using  such  oils  ? — ^Very 
great,  so  long  as  the  oil  could  be  got  at  that  price. 
The  price  of  dead  oil  now  is  about  18#.  a  ton,  and  a 
ton  of  that  oil  will  do  the  work  of  at  least  2\  tons  of 
coal.  Therefor^  to  any  one  who  can  obtain  dead  oil 
at  thai  price,  there  is  a  great  advantage  to  be  gained. 
For  instance,  tar  distillers  and  gas  manufaetarent 
would  find  a  very  great  advantage  in  using  that 
material  in  place  of  coal,  and  it  is  precisely  those 
people  who  are  using  it.  The  advantage  is  not  only 
the  difference  in  the  relaticm  between  cost  and  efficacy, 
but  there  ia  a  still  further  advantage  from  tho  fact 
that  tJiis  material  has  within  the  last  few  years  -bc^n 
quite  a  drug  in  the  market.  Tar  distillers  have  been 
nnable  to  get  rid  of  it  at  all.  The  use  of  it  for  creo- 
soting  timber  for  railways  has  been  almost  abandoned, 
uid  the  consequence  is  they  have  had  no  solo  at  alt  for 
it.  In  some  instances  they  have  had  to  throw  it  away. 
If  tar  distillers  therefore  can  dispense  with  an  expen- 
diture, say  to  the  amount  of  5/.  or  6/.  or  10/.  a  week 
which  they  have  been  incurring  for  coals,  and  use  this 
material  which  th^  can  get  for  nothing,  it  is  quite 
intelligible  that  it  would  be  a  very  great  advantage  to 
thOTi,  and  it  is  to  that  case,  and  cases  like  that,  that 
the  application  of  these  oils  has  been  confined  hitherto. 
I  believe  that  the  advantage  which  has  been  gained 
in  cases  of  that  kind  has  led  to  a  very  exaggerated 
and  fklse  impression  as  to  the  advanu^  with  which 
the  nseof  these  liquid  fuels  would  be  attended  in  other 
cases. 

704.  Then  yon  do  not  suppose  that  we  are  to  look 
for  economy  from  the  use  of  liquid  fuels  ?_I  do 
not  think  that  any  eoonomy  in  the  consumption  of 
fuel  is  to  be  anticipated  from  the  use  of  them,  seeing 
Uiat  the  main  source  from  which  these  oils  would  be 
derived  would  be  the  distillation  of  coal  or  something 
vCTy  similar  to  it,  and  that  their  production  would 
involve  the  use  of  fiiel.  There  is  this  advantage  cer^ 
tainly  attending  the  use  of  liquid  fuel,  that  the  circum- 
stances under  which  it  is  burnt  are  those  which  effect 
a  very  economical  application  of  the  heat  produced  by 
a  certain  weight  of  the  fuel.  That  is  to  say,  instead 
of  burning  with  a  chimney  draught  and  wasting  a 
great  deal  of  the  heat  in  producing  an  npvrmrd  current 
in  the  chimney,  liquid  fuel  is  burnt  with  a  blast,  so 
that  it  is  burnt  with  pretty  well  half  the  quantity  of 
air  that  is  commonly  used  in  the  case  of  coal  burnt 
with  a  chimney  draught.  Whatever  i^r  is  used  in 
bnming  coal  goes  np  the  chimney  at  a  certain  tem- 
perature above  that  of  the  atmosphere.  If  you  reduce 
that  amount  of  air  to  one-half,  you  at  once  effect  ao 
economy  of  50  per  cent,  in  the  heat  wasted  ;  you  save 
half  of  the  heat  that  would  otherwise  be  vrasted  ;  and 
that  is  the  case  In  the  burning  of  alt  kinds  of  liquid 
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fuel,  because  they  are  burnt  without  a  draught  and 
with  a  blast  produced  either  by  a  Bteamjet  forcing  in 
the  liquid  or  by  converting  the  oil  into  rapour  in  the 
first  inntance,  and  thus  making  it  blow  itself  in,  as  it 
were.  That,  however,  is  an  advantage  by  no  means 
confined  to  liquid  fuel.  The  substitution  of  a  blast 
for  chimney  draught  in  burning  fuel  was  proposed 
many  years  ago  by  Mr.  Frideaux,  and  the  blast  was 
used  in  some  works  I  am  acquainted  with.  The  snb- 
stitation  of  the  blast  and  closed  ash  pit  for  the  chimney 
has  been  attended  with  very  considerable  saving.  At 
the  Saint  Bollox  Works  in  Glasgow  it  was  tried,  uid 
tlie  adrantages  were  found  to  be  very  great.  As  to 
the  production  of  oil  from  the  bituminous  shale,  I  may 
say  with  regard  to  the  matter  of  supply  and  cost,  that 
would  be  regulated  by  the  ruling  price  of  petroleum. 
Wlien  crude  petroleum  is  at  murh  less  than  18/.  or 
20/.  a  ton,  it  is  not  a  profitable  matter  to  make  that 
oil  by  distilling  shale  in  this  counti-y.  In  fact  for 
some  time  past  and  at  the  present  moment  the  shale 
distilleries  and  coal  distilleries  have  been  pretty  well 
stopped  in  consequence  of  Uie  low  price  of  petroleum. 

705.  (Sir  William  Armstrong.)  What  would  20/. 
expended  in  petroleum  give  in  point  of  heat  as  com 
pared  with  the  same  expenditure  in  coal  when 
petroleum  is  at  20/.  a  ton  ? — I  think  about  2^  tons  of 
coal  to  one  of  petroleum  is  a  fair  comparison. 

706.  Then  it  would  be  only  when  the  price  of  coal 
rose  to  61,  or  6/.  a  ton  that  ihe  use  of  petroleum 
instead  of  coal  would  be  economical  ? — ^Tes ;  or 
when  the  price  of  petroleum  fell  correspondingly. 

707-  At  the  present  price  of  the  two  articles  then 
thei'e  is  no  prospect  of  substituting  petroleum  for 
coal  ? — I  do  not  think  so.  There  are  certain  kinds  of 
f>hale  oil  which  have  been  sold  in  this  country  at  51. 
a  ton  ;  and  perhaps  under  some  circumstances  5^  a  ton 
would  not  be  too  high  a  price  to  pay  lor  oil  if  it 
secures  other  advantages  as  fuel. 

708.  {Mr.  F>«Mm.)Thatwouldb6  2/.atonforcoal'i' 
—Yes.  For  conunon  use  I  cannot  imagine  that  there 
is  anv  poBsibitity  of  ti»  price  coming  to  anytiiing 
like  the  same  as  coal. 

709.  Can  you  tell  the  Committee  wliat  proportion 
of  oil  shale  shontd  contain  in  order  to  render  it 
profitable  for  extraction  ? — Hiat  is  a  matter  which 
would  be  ruled  raXher  more  by  the  {nice  obtainable 
for  the  oil  than  anything  else. 

710.  Assuming  the  oil  to  be  at  its  present  value  ?— 
The  present  value  of  crude  shale  oil  is  about  from  8/. 
to  10/.  a  ton.  It  ought  to  be  a  very  rich  shale  indeed 
to  be  worked  profitably  ;  it  ought  to  be  a  shale 
yielding,  say,  20  gallons  and  upward  of  oil  to  a  ton. 
That  I  think  is  alwut  the  average  yield  of  the  shales 
which  have  lately  been  worked  south  of  Edinbui^h. 

711.  Have  you  tried  many  shales? — Yes;  I  may 
say  I  have  tried  several  hundreds  of  different  ones. 

712.  What  proportion  do  those  bear  which  are 
profitably  workable  to  those  which  are  nnprofitably 
worluble? — ^The  m^ority  of  bituminous  shales, 
what  you  wonH  decidedly  call  oil  shales,  are  capable 
of  being  worked  profitably,  but  then  there  are  some 
shales  which  will  yield  only  a  gallon  or  two  or  three 
gallons  per  ton.  Those  you  could  not  call  oil  shales 
at  all.  Those  are  very  abundant  in  all  the  coal 
measures,  but  I  do  not  imagine  that  they  could  bo 
called  oil  shales.  There  is  a  material  which  occurs 
in  Staffordshire  to  a  lai-ge  extent  called  "pill" 
locally.  It  is  a  kind  of  shale  which  is  very  much 
like  ironstone,  in  fact  it  is  so  much  like  ironstone 
that  it  would^pass  for  it,  and  it  contains  a  large 
quantity  of  oxide  of  iron.  That  has  been  worked 
and  yields  a  very  fair  quantity  of  oil. 

713.  {Mr.  Diehimon.)  Ciui  you  speak  at  all  as  to 
the  thicknesses  cf  Uiose  shales  which  we  available  for 
nmluDg  oil  ? — ^Iliey  are  not  generally  in  veiy  thick 


beds.    The  beds  in  the  neighbourhood  of  Edinburgh       B  5 1 
are  something  like  from  four  to  five  feet  in  thickness, 
I  speak   only  from  memory,  but  Hiey  are  not  l^ui 
generally  in  thick  beds. 

714.  Are  there  several  of  those  beds  ? — No ;  there 

is  only  one  bed  in  the  district  south  of  Edinbuigh.  ""  " 

715.  Is  it  expected  to  extend  over  a  large  surface 
of  country  ? — Yes  ;  no  doubt  it  extends  very  widely. 

716.  So  Uiat  in  the  event  of  coal  becoming  much 
scarcer  than  it  is  now,  there  is  still  this  oil  shale  to 
fall  back  npon  ? — ^Belatively  to  coal  I  should  say  it 
would  be  an  infinitesimal  amount  as  fuel ;  nothing 
that  would  constitute  a  reserve  in  the  shape  of  foel. 
It  is  merely  a  small  fraction  compared  to  the  quantity 
of  coal  that  exists  either  in  the  Flintshire  or  the 
Scotch  beds. 

717.  {Mr.  Geddes.)  Pi-obably  you  oi'e  aware  that  we 
have  in  Scotland  two  distinct  shales,  one  of  which  is 
associated  very  intimately  with  the  coal  measures, 
being  found  amongst  the  seams  of  coal  ? — Yes. 

718.  And  the  other,  hundreds  of  fathoms  deeper, 
is  associated  with  the  limestone  series  ? — Yes. 

719.  Have  you  analyzed  those  different  shales  ? — 
I  am  acquainted  with  a  good  many  shales  which 
exist  in  the  Silurian  limestone  but|I  am  not  ocquunted 
with  any  which  contain  oil  or  yield  oil. 

720.  The  best  shales  we  have  are  Uiose  in  the 
limestcme  in  Scotland.  They  produce  45  gallons  per 
ton ;  whereas  the  higher  shales  do  not  contain  more 
than  25  gallons  in  a  ton  ? — ^I  understood  you  to  mean 
Siluritm  limestone,  not  that  of  the  coal  measures, 
which  no  doubt  does  contain  bituminous  shales. 

721.  {Mr.  Clark.)  There  are  heavy  beds  of  shale 
above  the  mountain  limestone  ;  do  they  produce  any 
oil  ? — I  am  not  acquainted  with  any  shales  from  the 
Silurian  limestone  that  yield  oil  in  large  amounts. 

722.  There  are  some  black  shales  from  the  lias, 
which  look  as  if  they  would  produce  oil  ? — Some  of 
them  do.  For  instance,  the  shales  near  Weymouth 
produce  oil. 

723.  (CAatrnuin^  Those  are  equivalent  to  the  Eim- 
meridge  Clay  'i — ^Yes.  There  are  a  good  many  of 
them  round  Poole  and  W^rmouth. 

724.  {Mr.  Dickiiuon.)  Do  yon  know  the  oil  shale 
which  is  met  with  in  the  coal  measures  of  Anglesea  ? 
— Ko,  I  cannot  say  that  I  do.  I  know  the  Flmtshire 
shales  very  uotl. 

725.  What  thickness  are  the  shales  in  Flintshire  i 
— They  are  of  very  considerable  depth.  ITiey  run 
from  positive  shale  into  cannel  cooL  There  are  all 
degrees  of  variation  from  one  extreme  to  the  other. 

726.  Are  they  so  considerable  in  thickness  as  to 
form  some  source  of  i-eliance  in  the  event  of  coal 
being  scarcer  than  it  is  at  present  ? — The  Flintshire 
field  is  a  very  considerable  coalfield.  It  is  limited  in 
area,  but  in  depth  it  is  very  considerable. 

727.  To  what  thickness  does  [the  oil  shale 
extend  ? — That  I  am  not  able  to  say.  That  is 
rather  a  mining  matter.  It  is  more  the  qnality  and 
the  yield  these  shales  th^  I  am  acquainted  with 
than  witili  properly  mining  queslionB.  With  regard 
to  the  making  steel  durect  from  the  ore,  I  may 
observe  that  a  saving  of  fuel  might  be  e^ted  in  tiiat 
way.  The  quantity  of  fuel  or  of  carbon  that  is 
required  for  reducing  the  ore  alone,  does  not  amount 
to  more  than  a  small  fraction  of  its  own  weight ;  I 
should  say  to  not  more  than  three-tenths  of  its  own 
weight.  Therefore  if  any  means  can  be  found  of 
applying  heat  sufficient  to  bring  the  reduced  metal 
into,  a  pasty  or  other  workable  state,  the  consumption 
of  ftiel  in  producing  steel  might  be  very  much 
reduced;  and  that  is  just  what  is  1>eing  attemptod 
now  by  Mr.  Siemens  and  others,  so  as  to  do  away 
wiUi  Uie  necessi^  for  making  jng  iron  first 


The  witness  withdrew. 
A^onmed  to  17th  June  at  12  o'clock. 
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ON  WA8TK  IN  COMBUSTION. 


B^9^  Meeting,  June  Vjtk,  1869. 
Pbesent  :  1.  Mb.  Hunt  (in  the  Chair) ; 
2.  M&  YzTiAK ;  S.  Ub.  Ciabk  ;  4.  Mb.  Dickinson  ;  5.  Mb.  Qeddes. 
The  following  gentlemen  were  also  present : — 
Mb.  Cowpeb  ;  Mb.  Besseueb  \  Mb.  Walteb  Williams  ;  Mb.  Beattie. 

1.  The  Secretary  produced  the  file,  and  a  set  of  printed  papera  as  circulated  June  5th;  and 
reported  tiiat  the  evidence  taken  thus  far  is  revised  and  ready  for  press,  with  the  exception  of 
Captain  Nohle's  evidence.  The  manuscript  was  sent  to  him  May  1 5th — 1967.  A  letter  was 
written  to  him  on  the  29th—  2006.  An  answer  was  received  June  1st— 2016  ;  but  the  manuscript 
has  not  been  returned.*  The  manuscript  of  Dr.  Amott*8  evidence  was  cancelled  by  him,  and  another 
snbstitnted,  which  was  printed,  and  revised  by  the  witness  in  the  usual  manner. 

2.  Tlie  minutes  of  the  last  meeting  were  signed. 

3.  The  Chairman  reported  ttiat  he  had  seen  Mr.  Kamsbottom  at  Crewe^  who  is  unable  to  g^ve 
eviden<%  as  to  economy  of  coal  in  locomotives,  because  the  directors  object. 

4.  Mr.  L.  C.  Fletcher,  Engineer  to  the  Steam-Users  Association,  is  unable  to  attend,  but  will  attend 
on  a  future  occasion. 

5.  The  Chairmau  read  sundry  letters  relative  to  steam  engines  and  conls  used  in  Cornwall.  He 
was  requested  to  make  an  abstract  of  the  letters  in  question. 

The  following  is  the  abstract: — 
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Coal  used  in  the  Cobnish  Pumfiko  Eagincs  in 
Cornwall,  and  the  average  repoi'ted  duty  of 
those  Engines. 


During  the  examination  of  Mr.  Hick,  M.P.,  Bolton, 
on  the  13th  of  May,  the  following  question  arose  : — 

"  May  not  some  of  the  advantages  which  have  been 
attribated  to  the  Cornish  Boiler  have  aruen  from  the 
fact  that  only  the  best  Welsh  steam  coal  has  been 
used  in  that  boilei-  ?  " 

To  answer  this  question,  some  of  the  Cornish 
engineers  and  others  have  been  c(nnmnnicated  with, 
and  from  their  replies  the  following  extracts  have 
been  made: 

Mr.  William  Husband,  Hayle  Foundiy. 

"  I  beg  to  inform  you  that  the  coal  supplied  by  us 
to  the  Cornish  mines  is  brought  principally  from  the 
*•  Main  Colliery,"  and  Brynddwey  (which  we  mix, 
half  and  half,)  and  from  "  Glyncorrig,"  all  shipped 
at  Neath.  From  "Foxhole  Colliery/'  shipped  at 
Swansea,  and  Brogden'a  coal,  shipped  at  For^cnwl. 
Avorage  price  at  Hayle,  12*.  per  ton.  Average  cost 
of  delivery  on  the  mines,  3«.  per  tfm,  or  \S$.  on  on 
average,  delivered.** 

Mr.  WxLLiAK  West,  C.E.,  St.  Bhuey  and  St  Au- 
stell Foundries. 

"  I  cannot  give  you  the  names  of  the  collieries 
where  the  principal  portion  of  our  mine  engine  coal 
cornea  from,  but  it  is  mostly  shipped  at  Swansea  and 
Xilaaelly.  •  •  «  The  price  of  coals  delivered  at 
the  mines  variee  considerably,  owing  to  the  difibrence 
in  carriage,  bat  I  should  take  it  fl-om  13<.  to  16«,  per 
ton.  *' Through  and  through"  coals  from  Cardiff 
and  Newport  cost  7«.  6<f.  per  ton,  and  it  is  very 
suitaUe,  doing  a  good  dutf  with  our  alow  combustion 
engines." 

M<»srs.  MiCHELL  and  Jenkik,  Engineers,  Redruth. 

*'  The  coal  used  in  the  mines  of  this  county  is,  as 
a  rule,  inl'erior,  being  purchased  at  the  lowest  price  at 
which  they  can  be  procured  in  Wales.  "Through 
and  through  '*  coals  are  but  rarely  seen  in  the 
Cornish  mines,  the  principal  proportion  being  the 
screenings  of  the  steam  coal,  mixed  with  a  sufficient 
quantity  of  small  bitominous  coal  to  enable  it  to  be 


burnt.  To  this  abont  15  or  20  per  cent,  of  "  through 
and  througli"  house  coal  is  added,  and  the  whole 
is  then  known  in  Cornwall  as  mining  coal.  At  the 
Cain  Brca  mines  we  consume  about  600  tons  per 
month.  This  i?,  of  coni-so,  a  mixed  lot,  price  de* 
livered  in  the  mine  13;.  6tf.  per  ton.  From  this  if  you 
deduct  the  following  chuges,  the  value  at  Swansea 
can  be  seen. 

s.  d. 

Freight  fixtm  Swansea  to  Hayle  -  5  6 
Wharfage  at  Hayle  -         -     0  6 

Biutway  carriage  from  Hayte  to  the 

mine       -         ■.         •  -30 
Contiactor*s  profits,  say  -    -     1  0 


10  0 


"  We  Itave  ascertained  by  fairly  tried  experiments 
that  this  coal  is  quite  as  good  as  the  average  of  the 
mining  coal  imported  in  the  western  part  of  Cornwall, 
although  the  price,  if  purchased  at  Hayle,  Portreath, 
or  Devoran,  would  have  been  15*,  or  I6s.  delivered 
in  the  mine ;  the  difference  of  It,  or  2«.,  when 
compared  with  the  Carn  Brea  coals,  being  ad^tional 
profit  to  the  merchant.  Being  engineers  to  some  16 
or  17  mines  in  the  westeni  part  of  this  county,  all 
of  which  consume  coals  in  fair  quantities,  we  b&ve 
had  ample  opportunities  of  seeing  what  kind  of  coal 
is  supplied,  and  we  have  frequently  had  to  complain 
of  its  quality." 

tSx.  JoBN  Hocxiva,  jnnr.,  engineer,  Redroth. 

"  Our  engine  coal  is  principally  supplied  from  the 
pits  in  the  neighbourhood  of  Swansea,  Neath,  and 
Llanelly.  It  is  all  bituminous  cool  that  we  consume, 
and  it  is  delivered  F.  O.  B,  at  prices  varying  from 
5s,  9d.  to  6s.  6d.  The  freight  to  our  ports  ia  now 
about  5s.,  and  a  further  charge  of  from  Ss.  6d.  to  4s» 
to  the  mines." 

Messrs.  Saicuel  Hioos  and  Son,  Foizance. 

"  In  reply  to  your  enquiry  respecting  the  coals  used 
at  our  mines,  the  coal  we  use,  we  import  direct  from 
Neath,  for  which  we  pay  7s.  6d.  and  8s.  per  ton,  free 
on  board.  The  coal  generally  in  use  through  the 
county  is  small,  and  put  on  board  at  about  6s.  6d.  to 
6s.  6d.  per  ton." 


*  It  lubaeqaently  appeand  that  the  nuuiiueript  wai  forwarded  by  nulway.  The  aborthaad  niters  eaa  supply  another  copy. 
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ATorage  Doty  of  Cobnisb  PmcpiNa  Ehoihbs  repmied  for  1868. 
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6.  It  wau9  decided  to  meet  oa  the  16th  of  July  at  noon. 
The  Committee  thai  took  evidence  as  follows: 

Edwakd  Alfbkd  Cowfer,  Esq.,  6,  Great  George  Street,  Westminster,  examined. 


728.  (Chmrman.)  You  are  a  civil  engineer  ? — lam. 

729.  And  for  many  years  have  pud  attrition  to  the 
means  {voposed  for  saving  fnd  in  tlie  prodnction  of 
steam  ? — I  have  pud  attention  to  the  salgect  as  fiir  as 
my  ability  enabled  me  to  do  so,  from  the  time  I  was 
apprenticed. 

730.  Will  you  favour  uu  with  some  illustrations  of 
your  experience  upon  that  point  ?— I  wilU  I  have 
made  a  &w  notes  in  wder  to  put  it  [as  shortiy  as 
poBsible. 

731.  Do  you,  from  your  profesBional  experience, 
find  that  in  iron  works,  in  glass  works,  or  in  other 
metallurgical  works,  there  is  a  desire  to  economize  in 
any  way ;  and,  if  bo,  in  what  direction  ? — There  is  a 
considerable  desire  to  economize  in  those  ■  processes 
which  you  have  spoken  o^  but  nothing  to  a  lai^e 
extent  has  recently  bew  done^  except  in  reference  to 
Mr.  Siemens's  furnaces.  Tlwse  are  now  gradually 
working  their  way  into  general  use,  and  mudi  more 
quickly  alnttad  than  in  England. 

732.  {Mr.  Vivian.)  Su^y  has  not  the  gas  of  iron 
furnaces  been  largely  employed  to  save  fuel  ? — The 
gas  from  the  top  of  blast  furnaces  has  been  used  for 
heating  the  stoves  and  the  boilers  for  many  years  now. 

733.  Is  not  that  a  great  economy  ? — It  is  in  blast 
fomaces. 

734.  Further,  in  iron  miUs,  has  not  the  waste  heat 
from  the  puddling  and  re-heating  furnaces  been  largely 
used  for  the  production  of  steam  ? — It  has  been  used 
for  the  heating  of  boilers  for  thir^  years,  at  leasts  to 
my  knowledge. 

735.  And  it  is  used  very  largely  ? — ^It  is  used. 

736.  So  that  in  many  well-sunducted  iron  mills  at 
ibis  moment  no  coal  is  used  for  the  prodnction  of 
steam  ;  is  not  that  the  case. 

737.  In  some  well-conduced  iron  mills  that  is  Uie 
case,  bat  it  is  not  by  any  means  usual. 

738.  Will  you  reconsider  the  statement  you  made, 
that  very  little  eoouomy  has  been  introduced  into 
iron  works  in  regard  to  fuel  ? — What  I  wished  to  state 
was  this  :  that  in  reference  to  glass  making,  puddling 
iron,  heating  iron  and  steel,  melting  steel,  eoameUing, 
gas  retorts,  brass  and  zinc  manufactute,  &c.,  very 
little  economy  has  been  introduced  for  some  years. 

739.  I  cannot  admit  that ;  with  reference  to  the 
heating  of  iron  and  steel  there  has  been  great 
economy.  With  reference  to  the  manufacture  of  zinc, 
are  you  aware  what  quantify  of  coal  was  formerly 
used  in  the  manufoctnre  of  zine  in  this  oountiT  ?•— -No. 

740.  Are  you  aware  what  qnanti^  of  coal  is  now 
used  in  that  manuftcture  now  ? — ^No.  I  am  aware  that 
it  is  rally  recently  that  a  great  economy  has  been 
eSbcted  in  the  mannfoctore  of  zinc ;  in  IMr.  Billwyn's 
works,  for  instance. 

741.  Ton  are  not  aware  of  the  quantity  of  fuel 
which  was  formerly  used  as  compared  with  what  is 
used  now  ? — ^No  j  I  am  not  aware  of  the  relative 
weights. 

742.  Is  not  it,  therefote^  »  great  reflection  vpoQ  the 


E.  A.  Ompw, 

Ewq. 

spelter  makers  of  this  oountry  to  say  that  no  economy  — — 
has  been  e^ted  in  the  fuel,  wiuont  knowing  the  17  June  1869. 
quantities  which  have  been  actually  used  either  ~ 
formerly  or  now  ? — ^I  do  not  say  tliat  no  economy  has 
been  emcted. 

743.  No  great  economy  ? — That  is  my  opinion. 

744.  Are  yon  aware  of  the  &ct  that  the  introduc- 
tion of  Mr.  Siemens'  process  at  Mr.  Dillwyn's  works 
has  eflfected  a  great  economy  ? — I  believe  it  has  saved 
half  the  fuel.  I  had  it  from  the  proprietors  them- 
selves. I  have  not  had  an  opportunity  of  making 
investigations  there  myself. 

745.  I  hare  had  a  statement  also  from  the  {hu- 
prietor  himself;  and  being  a  large  spelter  maker 
myself,  I  know  what  the  economy  is  ;  and  I  am  able 
to  state  that  the  economy  is  very  slight,  and  that  in 
some  processes  there  is  no  economy  at  all  ?— -I  know 
he  has  put  up  six  furnaces  on  Mr.  Siemens*  process, 
and  is  now  putting  up  more. 

746.  {Mr.  Clark.)  As  to  iron.  Are  you  aware 
that  the  economy  which  has  been  introduced  into 
South  Wales  and  Monmouthshire,  which  are  by  no 
means  an  unimportant  part  of  the  British  iron  trade, 
during  the  last  Ifi  yeurs,  has  been  very  great  indeed ; 
the  economy  in  many  cases  has  been  certunly  more 
than  25  per  cent.  ? — ^I  do  not  go  bac^  so  far  as  16 
years  ;  I  meant  in  more  recent  times. 

747.  I  might  have  said  10  years,  but  the  economy 
began  as  far  back  as  15  years  ago,  and  during  the  last 
10  years  gas  has  been  very  extensively  introduced  ? — 
I  understood  the  question  of  the  Chairman  to  refer  to 
the  last  few  years,  five  or  six  years,  or  something  of 
that  kind. 

748.  I  think  your  statement  is  rather  unguarded  as 
to  the  past,  unless  you  speak  from  positive  knowledge  ? 
— ^I  know  what  the  saving  has  been  in  many  works 
where  the  recent  improvements  during  the*  last  five 
years  have  taken  place.  For  instance,  in  glassmaking, 
I  know  that  they  use  in  one  particular  place  48  per 
cent,  only  of  the  coal  they  used  formerly,  and  they 
pay  As.  instead  of  12«.  a  ton  for  it,  thus  saving  84  per 
cent,  by  the  use  of  Siemens'  furnace. 

749.  I  think  you  condemned  what  had  been  done 
in  the  past  in  iron  works  in  rather  an  unqualified 
way  ? — I  think  in  reference  to  heating  and  paddling 
iron  great  improvements  have  been  made  in  the  last 
four  or. five  years  by  the  use  of  Siemens'  furnace. 

750.  {Chtdmum.')  I  believe  yon  have  had  consider- 
able practical  experience  in  the  application  of 
Siemens  luocess,  and  also  of  some  modified  ^Hinfl  of 
your  own.  WUl  yon  tell  ns  what,  within  your  own 
knowledge,  is  the  amount  of  saving  which  has  been 
effected  by  the  application  of  these  special  arrange- 
ments ? — ^I  would  prefer  to  take  those  processes 
separately  instead  of  classing  them  altogether.  I 
should  like  to  speak  distinctly  to  the  hot  blast  stoves, 
where  I  have  saved  5  c  wt.  of  coke  per  ton  of  iron  made. 
The  hot  blast  stove  for  beating  the  blast  for  bUst 
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furnaces  hau  been  in  operation  for  eight  years,  and 
this  diagram  shows  the  stove. 

75 1 .  That  is  your  own  stove,  is  it  not  ? — That  is  my 
own  stove,  adopting  the  principle  of  Mr.  Siemens' 
regenerators,  of  course  under  an  arrangement  with 
him.  I  carried  out  the  plan  6rst  in  a  pair  of  small- 
sized  stoves  to  heat  the  blast  for  one  tuyere  for  a 
blast  furnace  to  a  temperature  of  1200  and  1400 


d^^reea  Fahrenheit  I  afterwards  carried  out  a  pair 
of  fuU-sized  stoves  for  heating  the  blast  for  a  whole 
blast  furnace.  They  were  erected  at  Messrs.  Cochrane 
and  Co.'s  works  at  Ormesby,  where  they«re  still  at 
work.  The  saving  in  coke  in  the  furnaces  is  fully 
5  cwt.  per  ton  of  iron  made,  and  Mr.  Cochrane 
says  that  "  One  fifth  more  iron  is  made  from  the  same 
furnace."  Messrs.  Cochrane's  are  putting  up  two 
more  of  these  stoves,  in  addition  to  five  'fvhich  they 
have  at  work,  making  seven  in  all.  They  are  blow- 
ing their  largest  furnaces  with  these  stoves,  tuid  they 
find  that  the  use  of  them  is  attended  with  great 
economy. 

753.  {Mr,  Vivian.')  Is  that  in  consequence  of  using 
the  waste  gas  ? — ^The  stoves  are  he^ed  by  the  waste 
gas  from  the  top  of  the  blast  furnace  ;  but  before  the 
gas  is  turned  into  the  stove  it  is  put  Ihrough  a  kind  of 
box  with  shelves  in  it,  so  as  to  make  it  deposit  the 
dust,  and  prevent  it  going  into  the  stoves.  That 
answers  the  purpose  very  well. 

753.  Then  the  economy  results  from  a  combination 
of  the  gas  system  with  the  regenerator  of  Mr.  Sie- 
mens?— The  gas  was  used  before  for  common  iron 
pipe  stoves  ;  but  I  am  not  speaking  of  the  economy 
by  the  use  of  the  gas.  I  consider  the  gas  as  costing 
nothing  when  used  either  in  common  stoves,  or  in  my 
.hot-blast  stoves ;  but  I  am  speaking  of  the  economy  of 
coke,  amounting  to  five  cwt.  of  coke  per  ton  of  iron 
made  in  the  blast  furnace.  Of  course  the  increased 
quantity  of  heat  put  in  with  the  blast,  over  and  above 
tiie  former  temperature  of  the  blast,  is  a  distinct  and 
definite  saving  ;  but  I  have  a  very  strong  opinion,  and 
so  I  may  add  has  Mr.  Siemens,  and  every  one  who 
has  examined  into  the  working  of  these  stoves,  that 
an  improved  chemical  action  takes  placo  in  the  fur- 
nace. There  are  stoves  of  the  same  kind  at  work  in 
Prussia,  with  which  I  have  nothing  to  do,  as  I  have  no 
patent  there.  The  person  who  erected  them  heard  of 
them  through  the  publication  of  a  communication  to 
the  Institution  of  Mechanical  Engineers.  He  has 
put  up  several  on  his  own  account,  and  I  believe  they 
answer  very  well  indeed. 

764.  (  Chairman.)  Hare  you  any  other  information 


which  you  can  give  us  from  your  own  knowledge, 
relative  to  the  manufacture  of  iron,  in  addition  to 
what  you  have  stated  in  reference  to  blast  furnaces  ? 
— Yes  ;  in  reference  to  puddling  furnaces  I  can  state 
that  I  have  visited  the  Bolton  Steel  and  Iron  Works, 
and  taken  from  the  books  of  the  firm  carrying  on 
those  works  the  exact  particulars  over  a  lengtii  of 
time  of  the  yield  and  the  quantity  put  into  a  tiirnace. 
In  six  weeks  there  was  an  increase  in  the  proportion 
of  the  yield  to  the  quantity  of  iron  put  in  of  *9  ;per 
cent.,  that  is  nearly  one  per  cent. 

755.  {Mr,  Vivian.)  By  whfrt  means  was  that 
effbcted  I — ^By  the  use  of  Mr.  Siemenc^  puddling  fur- 
nace, instead  of  the  common  puddling  furnace,  in 
which  the  waste  Is  from  8  to  12  per  cent. 

756.  In  the  other  case  the  waete  was  from  9  to  1 1 
per  cent,  if  I  understood  you  rightly  ?— No  ;  in  the 
case  of  Siemens'  furnace  the  yield  out  of  the  furnace 
was  greater  than  the  quantity  put  in,  so  that  there 
WAS  a  saving  of  the  whole  of  that  8  to  12  per  cent, 
previously  wasted,  and  a  gain  of  '9  per  cent,  besides  ; 
therefore,  altogether,  there  was  about  1 1  per  cent,  of 
the  weight  of  iron  saved  by  the  use  of  Mr.  Sianens* 
film  ace. 

757.  Wtiat  is  the  result  as  re^rda  the  consump- 
tion of  coal  in  those  furnaces  ? — ^The  consumption  of 
coal  in  those  furnaces  could  not  be  stated  accurately, 
because  they  have  a  good  many  producers  and  a  good 
many  furnaces  working,  some  of  them  heating  fur- 
naces, some  of  them  steel  melting  fiimaces,  and  this 
puddling  furnace,  which  I  examined ;  therefore  the 
quantity  of  coal  used  for  that  particular  furnace 
could  not  be  separated  from  the  rest ;  but  I  had  it  from 
Mr.  Webb,  the  manager  of  those  works,  that  the 
quantity  used,  according  to  his  judgment,  was  about 
one  half.  When  Mr.  Siemens'  puddling  furnaces  are 
put  down,  instead  of  an  old  puddling  ftimace  with  a 
boiler  to  it,  the  saving  is  not  so  great,  because,  with 
the  old  boiler  in  conjunction  with  the  old  puddling 
furnace,  no  doubt  there  might  be  a  saving  of  from 
20  to  25  per  cent,  of  the  coal,  by  using  waste  heat 
for  raising  steam. 

758.  Have  you  compu^  the  relative  advantage 
of  using  the  waste  heat  for  raising  steam  and  for  heat- 
ing Mr,  Siemens'  regenerator  in  the  puddling  fur> 
nace  ? — Not  very  exactly,  but  as  far  as  I  can  make 
out,  there  is  a  difference  of  about  25  per  cent., 
Mr.  Siemens'  puddling  furnace  will  save  nearly  50 
per  cent  over  the  old  puddling  furnace,  or  25  per 
cent  over  the  old  puddling  furnace  with  a  boiler. 

759.  I  think  that  is  higher  than  Mr.  Siemens  him- 
self put  the  saving. — It  is  not  higher  than  what  I 
myself  gathered  at  the  Bolton  Steel  and  Iron  Works  ; 
I  go  chiefly  by  that.  The  Monkbridge  quality  of  iron 
does  not  work  so  quickly  as  the  Bolton  forge  mixture, 

760.  In  answer  to  the  following  question  put  by  an 
honourable  Commissioner,  Mr.  Geddes,  '*  What  is  the 
**  comparative  advantage  or  saving  of  fuel  on  your 
*'  process  as  compared  with  the  existing  common  pro- 
"  cess  for  a  ton  of  iron  ?  "  Mr.  Siemens  stated,  "  In 
"  puddling "  (he  was  speaking  of  grey  pig  iron) 
**  the  saving  of  fuel  actually  obtained  is  the  difference 
**  between  24  cwt.  or  25  cwt.,  which  is  the  ordinary 
"  consumption,  and  from  15  to  16  cwt  Mr.  Kitson 
"  informs  me  that  he  used  15  cwt.  of  coal  per  ton  of 
"  iron  produced  in  puddling  grey  iron  when  in  fair 
"  working  condition."- — That  result  is  not  the  same  as 
that  obtained  at  the  Bolton  Steel  and  Iron  Works  with 
a  different  quality  of  iron, 

761.  What  I  have  read  to  you  is  Mr,  Siemens* 
own  statement.  That  would  show  a  saving  of  ^tfas 
or  |rd.  Consequently,  comparing  that  with  the 
saving  effected  by  using  the  waste  heat  in  puddling 
furnaces  for  the  production  of  steam,  there  could 
hardly  be  such  a  saving  as  you  mentioned,  I  think  ?— 
There  would  not  be  in  that  case.  Certainly  ;  but  the 
furnaces  there  spoken  of  were  not  working  up  to 
their  full  power,  as  they  were  (Jnly  making  two 
"  shifls  "  per  24  hours,  instead  of  three  shifts,  as  at 
Bolton. 

762.  {Chairman.)  I  believe  you  can  also  speak 
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from  yonr  own  knowledge  relatire  to  the  ecimomy 
of  coal  in  the  mann&oture  of  glass  ? — Yes.  On  that 
point  I  go  npon  an  exact  statement  hf  Doctor  Lloyd, 
the  owner  of  flint  glass  works  at  Birmingham,  where 
Hr.  Siemens  put  up  one  of  his  fhmnces.  He  used 
only  48  per  cent,  of  the  weight  of  coal  that  he  had  used 
tormerly,  and  he  paid  only  four  shillings  per  ton  for 
that  coal,  instead  of  paying  twelve  shillings  per  ton  for 
the  better  description  of  coal  that  he  was  obliged  to 
nse  formerly  to  make  good  glass ;  that  is  to  say,  the 
coal  cost  him  one  sixth  of  what  it  used  to  do. 

763.  {Mr.  Clark.)  Is  any  wood  used  with  that 
furnace  ?— Not  in  England.  On  the  continent  wood 
is  used  to  a  oaasiderable  extent  in  glass  furnaces. 

764.  (CAmrMon.)  Ton  have  placed  upon  the  wall 
BMne  dii^rams  showing  arrangements  of  yonr  own  for 
a  system  of  steam  jacketing  and  so  on.  Will  yon 
inform  us  as  to  the  economy  that  you  expect  to  be 
derived  from  that  application  ?  —  This  indicator 
figure  shows  the  amonnt  of  loss  which  occurs  in  a 


Without  Steam  Jack  eta,  cut  off  at  f^th. 
Loss  of  44-SS  per  cent 


ocnnnion  engine  in  consequoice  of  the  cylinder  not 
being  steam  jacketted.    The  dotted  line  is  the  true 

expansion  curve  in  each  case.  The  black  line  is  the 
curve  obtained  by  the  steam  from  one  of  my  own 
engines  which  was  purposely  tried  without  the  steam 
jacket,  so  that  the  difference  between  the  dotted  line 
and  the  black  line  represents  power  which  has  not 
been  obtained,  but  which  ought  to  have  been 
obtained,  because  the  dotted  line  shows  the  exact 
quajitity  of  steam  in  each  case  that  there  was  in  the 
cylinder  at  the  end  of  the  sti-oke.  The  temperature 
of  the  steam  on  entering  the  cylinder  is  255  degrees ; 
before  leaving  the  cylinder  it  has  fallen  to  126 
degrees.  Therefore  die  cylinder  is  at  an  aTen^e 
temperature  between  the  two.  The  consequence  is, 
that  when  the  steam  enters  from  the  boiler  .at  255 
degrees  it  is  condensed  by  the  icolder  cylinder. 
When  the  pressure  has  become  less  than  that  due  to 
the  temperature  of  the  cylinder  by  expansion,  the 
steam  so  condensed  ia  re-evaporated,  and  the  end  of 
the  figure  reaches  to  the  dotted  line,  so  that  really 
you  have  passed  from  the  boiler  into  the  cylinder, 
and  through  into  the  condenser,  tltat  quantity  of 
steam,  and  you  ought  to  have  had  that  quantity  of 
power  ;  but,  owing  to  the  cylinder  having  chilled  and 
condensed  the  steam,  a  quantity  is  lost.  In  this  case 
there  is  44*58  per  cent  lost  for  want  of  a  steam 
jacket  Steam  jacketing  is  by  no  means  a  new 
invention,  and  although  it  is  appreciated  by  some 
persons,  it  has  not  been  so  well  nnderstood  as  to  be 
veiy  generally  acted  upon,  insomuch  that  Her  Ma- 
jesty's Board  of  Admiralty  have  not  until  very 
recently  insisted  upon  having  steam  jackets  to  their 
engines  ;  and  I  have  not  the  least  doubt  but  that 
there  bos  been  a  loss  of  at  least  30  per  cent  for  want 
of  them. 

76o.  (Mr.  Vivian.)  I  suppose  the  black  line  is 
obtained  by  the  indicator  ? — ^Tes. 

766.  Is  the  dotted  line  a  theoretical  line  ? — Yea  ; 
but  I  have  checked  it  in  practice  by  actual  figures. 

767.  Your  results  are  sufilciently  accurate  to  show 
that  there  is  nearly  45  per  cent  gained  by  the  use  of 
the  steam  jacket  ? — Tee. 

768.  Would  that  be  the  case  when  this  stoam 
jacket  was  exposed  to  the  open  air  in  an  engine 
house? — ^The  steam  jacket  of  course  had  better  be 
enclosed  in  a  wood  and  felt  logging,  because  there 
is  a  certain  loss  of  heat  when  the  steam  jacket  is 
exposed. 

769.  In  this  case,  when  a  saving  of  45  per  cent 
was  efiect«l,  was  the  cylinder  exposed  in  im  engine 
house,  or  was  it  protected  ? — ^It  was  in  an  engine 
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house,  with  wood  and  felt  logging,  so  as  to  keep  the        B  55 
steam  in  the  cylinder  aa  warm  as  possibly  but  no  e.  A.  On^, 
arrangements  will  keep  it  so  warm  that  the  steam  ~ 
shall  never  lose  temperature,  unless  it  has  a  steam 
jacket.    The  dotted  line  on  this  diagram  was  pro- 
duced by  a  cylinder  steam  jacketted.    The  felted 
steam  jacket  is  now  in  use  with  many  of  the  best 
engines.    It  is   not   new  at  all.     The  particular 
novelty  to  which  I  wish  to  draw  attention  is  shown 
on  this  diagram.    These  are  the  indicator  figures 


Covper's  AnBOgeroent. 
Stesm  expaoded  8' 82  times. 


from  an  engine  burning  only  2*166  lbs.  of  coal  per 
horse  power  per  hour.  There  is  55  lbs.  of  steam 
cutoff  and  expanded  8*82  times,  producing  those 
indicator  figures.  The  upper  figure  is  produced  by 
the  steam  passing  into  one  cylinder  and  expanding, 
and  going  from  thence  into  a  reservoir,  and  thus  pro- 
ducing the  lower  figure  in  the  second  cylinder,  the 
dotted  line  being  the  true  expansion  curve.  The 
cylinders  are  steam  jacketted  both  at  the  top  and 
bottom  and  the  sides,  and  have  felt  outside  them. 
This  reservoir  is  also  steam  jacketted,  and  of  course 
is  much  hotter  than  the  expanded  steam  entering  it. 
Therefore  the  steam  is  slightly  superheated  in  each 
cylinder  and  in  the  reservoir,  lliese  two  engines 
are  working  cranks  at  right  angles,  as  is  usually  the 
case  with  a  pair  of  engines. 

770.  The  diagram  below  ths  line  represented  by 
0*0  is  the  vacuum,  I  suppose  ?— Tes  ;  that  is  ft- 12  lb. 
vacuum  below  the  line  0*0.  When  the  steam  ie  cut 
off  in  the  upper  figure  it  expands  ;  it  then  drops  on 
the  opening  of  the  eduction  vajve,  and  passes  into  the 
reservoir*  It  is  evident  that  .the  second  cylinder  is 
not  ready  to  take  the  steam  when  the  first  cylinher 
gives  it  up,  the  cranks  being  at  90  degrees. 

771.  The  ordinary  mode  of  coupling  compound 
engines  is  that  where  there  are  two  cylinders  the 
leading  one  is  the  low  pressure,  is  it  not  ? — The 
ordinary  mode  of  coupling  componnd  engines  is  to 
place  one  cylinder  at  the  end  af  the  beam,  and  the 
other  a  little  way  in,  the  two  cylinders  being  along- 
side of  each  other,  so  that  they  only  make  one  stroke 
together. 

772.  I  mean  when  they  are  woiting  on  different 
cranks  ? — ^Then  they  pnt  mem  opposite  to  each  other, 

or  the  low  pressure  leading  a  little.  In  my  arrange- 
ment the  steam  from  the  high-pressure  cylinder  after 
having  expanded  passes  into  the  reservoir,  as  shown 
by  tiie  arrow  in  the  diagram.   That  reservoir  is  steam 
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B  66     jackeited  all  round.   When  the  steam  passes  in  it 
E.  A.CiM^p«r,  goes  inside  on  int^al  lining  which  is  open  at  one 
end  and  closed  at  the  other.    When  it  is  taken  from 
17  JimelS69.  the  reservoir,  to  supply  the  other  cylinder,  it  is  not 

 '  taken  through  the  firet,  but  through  the  second  pipe, 

so  that  the  steam  passes  round  outside  the  lining,  as 
shown  by  the  aiTows ;  by  such  means  it  becomes  so 
wanned  up  that  it  produces  the  black  line  in  the 
figure,  which  is  to  a  considerable  extent  above  the  true 
theoretical  expansion  curve,  instead  of  being  below  it. 
Therefore  we  get  a  lai^r  figure  than  we  should 
otherwise  get.  There  is  a  certain  small  defect,  viz., 
that  we  do  not  follow  the  true  expansion  curve  just 
between  the  two  figures.  But  we  get  the  advantage 
of  a  great  expansion,  amounting  to  8.82  times,  and 
also  the  advantage  of  perfect  uniformity  a£  motion  in 
the  engine,  the  two  cylinders  being  in  connection  with 
two  cranks  at  right  angles.  For  it  is  a  fact,  that  if 
you  cut  off  the  steam  at  half  stroke  in  any  pair  of 
engines  with  cranks  at  right  angles,  and  expand  it, 
you  get  the  most  uniform  rotative  power  that  is  pos- 
sible. The  deficienciees  of  power  are  made  up  by  the 
excess  of  power. 

773.  Do  you  say  cutting  off  at  half  stroke?— At 
half  stroke,  or  thereabouts.  This  diagram  shows  the 
rotative  power  of  engines  working  in  different  ways. 
The  horizontal  line  is  supposed  to  be  the  path  of  the 
crank  developed.  If  one  engine  only  is  used  with  an 
expan^on  to  six  times  it  produces  the  first  figure. 
(The  hd{^t8  represent  the  rotative  power.)  If  two  of 
these  are  coupled  it  produces  the  irregularities  in  the 
second  figure,  and  if  three  are  coupled  it  produces  the 
irregtUarities  of  Hhe  third  figure;  but  if  two  engines 
are  coupled,  uid  the  steam  is  cut  off  at  half  stroke,  it 
happens  that  the  hills  fill  up  the  vallies,  so  that  the 
most  uniform  rotative  power  is  obtained;  the  exact 
points  are  a  little  before  and  a  little  after  the  half  stroke. 


774.  Ton  do  not  cut  off  in  both  engines,  I  suppose  ? 
—Yes  ;  you  cut  off  in  each  engine  so  that  the  reservoir 
is,  so  to  speak,  at  a  constant  pressure  ;  it  fluctuates  a 
little  in  pressure,  the  reason  being  that  some  steam 
is  taken  out  by  the  lai^r  cylinder,  but  the  large 
cylinder  never  empties  it ;  ittakes  its  proper  quantity 
only.  If  it  were  not  for  that  we  should  empty  the 
reservoir. 

776,  Wh»t  is  the  average  premre  of  the  steam 


in  the  reservoir  ?— It  depends  npon  the  arrangements 
of  the  engine.  In  Her  Mi^esty's  ship  **  Briton," 
about  to  be  fitted  with  my  engine,  it  will  not  be  quite 
so  high  as  in  the  diagram  where  it  is  3^  to  4  lbs. 

776.  Do  you  find  that  there  is  any  injurious  back 
pressure  on  tb^high-pressure  engine  ? — ^Not  at  all ;  the 
eduction  valve  opens  very  suddenly,  therefore  the 
pressure  is  down  directly. 

777.  That  is  to  say,  working  against  3^  lbs.  ? — Yea, 

778.  Plus  the  pressure  of  the  atmosphere  ? — Yes. 

779.  So  that  it  is  working  in  fact  against  18^^  lbs. 
where  an  ordinioy  engine  is  working  against  16? — 
Yob  ;  that  is  in  this  case  where  we  use  66  lbs.  of  steam, 
and  expand  it  as  much  as  8'B2  times ;  in  other  caaes 
it  will  be  lower.  The  Admuralty  ^pointed  their  in- 
specting engineer,  Mr.  James  Steei,  to  investigate  my 
engines,  and  he  was  parts  of  5  days  at  Brixton, 
examining  them,  and  trying  all  kinds  of  experiments 
with  them.  These  engines  have  been  at  work  for 
4  years.  Mr.  Steel  has  reported  to  the  Admiralty, 
and  they  have  now  decided  to  have  a  pair  of  engines 
of  350-hor8e  power  for  the  •*  Briton." 

780.  Is  thai  nominal  horse  power  ? — ^Yes,  that  is 
nominal  horse  power.  She  is  to  work  up  to  2,100- 
indicator-faorse  power.  She  is  to  be  a  sister  ship  to 
the  ''Dido  "  and  the  '*Tenedo8,"  so  that  there  will  be 
the  means  of  making  a  fiur  comparison  -whea  the 
"  Briton  "  is  ready, 

781.  Did  I  rightly  understand  yon  to  say  that  Uie 
peculiar  characteristic  of  yonr  system  consists  in  the 
steam  reservoir  ? — It  does. 

782.  The  expansion  of  high-pressure  steam,  uid 
the  jacketing  with  steam,  and  the  combination  of  high 
and  low  pressure  engines,  being  altogether  old  and 
well  known  things  ? — Yes^  The  comparison  is 
perhaps  best  taken  in  this  way :  If  we  wanted  to 
expmd  as  much  as  in  the  diagram,  say  for  driving  a 
screw  in  a  steam  boat,  wo  should  want,  on  the  old 
f^stem,  two  cylinders  to  each  engine,  namely,  a  large 
and  a  small  cylinder  j  that  wonld  be  4  cylinders 
altogether ;  and  then  we  should  have  to  arrange  some 
plan  of  allowing  Uiese  two  (flinders  (the  laige  and 
the  small)  to  drive  on  to  one  crank.  Hiat  has  been 
done  by  some  engineers,  but  it  is  a  toj  complicated 
thing  to  manage,  because  the  pressure  varira  upon  the 
two  piston  rods. 

783.  Messrs.  Maudslay  have  adopted  something  of 
the  kind,  have  they  not  ? — Messrs.  Maudslay  ^ve 
adopted  an  arrangement  of  four  cylinders  ;  the  small 
are  in  front  of  the  large.  They  have  accomplished  it 
by  making  a  short  stroke,  and  sinking  the  smidler 
cylinder  partly  into  the  larger  (^linder. 

784.  Your  system  admits  of  the  very  great  advan- 
tage of  reversing  the  engine,  does  it  not? — ^It  cer- 
tainly admits  of  the  advantage  of  reversing  the 
raigines,  but  that  is  not  peculiar  to  my  systenL  Any 
good  engine  can  be  revised. 

785.  A  compound  engine? — ^Yes  ;  because  in  the 
compound  engines  the  large  and  the  small  cylinders 
work  together  as  one  engine,  so  that  when  one  gives 
up  the  steam  the  other  takes  it,  unless  the  low-pres- 
sure cylinder  is  set  to  lead  the  high-pressure,  when 
there  would  be  a  drag  on  reversing. 

786.  When  you  need  to  be  constantly  reversing 
your  engines,  you  can  do  bo  by  your  system,  as  in 
mining  engines  ? — Yes  j  and  one  advantage  which 
results  from  that  is  this,  that  in  altering  an  old  enpne 
I  can  put  a  cylinder,  we  will  say  a  high-pressure 
cylindOT,  to  wfflA  upon  a  shaft  or  a  wheel  which  goes 
at  a  different  speed,  so  that  if  it  delivers  the  proper 
quantity  of  steam  into  the  reservoirs  for  the  other 
cylinders  to  take  from  it  is  immaterial  whether  It  has 
been  measured  into  the  reservoir  in  one  large  or 
several  small  quantities. 

787.  I  do  not  think  you  have  stated  to  the  Com- 
mittee what  economy  is  realized  by  this  system  ? — 
The  economy  I  have  obtained  with  these  engines  at 
Brixton,  pumping  up  to  a  head  of  316  feet  for  the 
Crystal  Palace,  is  76,797,124.  That  is  the  net  useful 
effect  produced,  tiie  actual  water  pumped  clear  of  the 
friction  of  the  engine  and  the  friction  of  the  pumps. 
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Y88.  Is  that  in  gallons  ? — ^That  is  in  pounds  raised 
one  foot  high  with  112  lbs.  of  coal,  which  is  the  or- 
dinary standard.  The  aTerage  for  Cornwall  for  April 
was  £1,500,000,  as  against  76,797,124. 

789.  I  think  it  irould  be  more  satisfactory  if  you 
could  compare  the  saving  effected  on  the  same  engines 
under  the  same  conditions? — I  think  yon  will  see 
from  the  %nreB  that  I  give  you  that  a  &ir  compar 
rison  can  be  made. 

790.  ( Chairman.)  1  presume  you  have  taken  the 
average  of  Cornwall  from  Mr,  Lean,  the  engineer's 
report,  as  now  published.  That  comprises  but  a  very 
few  of  the  Ckimish  engines  ? — ^Yes,  I  am  avare  of 
that,  and  therefore  I  will  now  take  the  best  engine 
according  to  the  report  of  Mr.  X«an,  an  engine  having 
a  70-inch  cylinder,  the  large  cylinder  of  the  Brixton 
engines  being  only  21-inch,  the  Cornish  engine 
having  therefore  about  II  times  the  piston  area  of 
the  other,  and  therefore  much  less  friction.  It  is  the 
"  Great  iN^orth  Downs  Sloggui's  70-inch  cylinder 
engine.**  Its  result  is  69,(X)0;000,  while  mine  is 
76^000;000  on  a  much  smaller  engine.  Now,  if  yov  will 
take  the  76,000,000,  and  consider  that  as  the  net  eSsGt, 
and  then  allow  only  25  per  cent,  as  £riction  on  the 
engine  and  the  pumps,  &c.,  so  as  to  take  the  indicator- 
horse  power  in  the  gi-oss,  in  the  same  way  as  marine 
engines  are  always  taken,  that  would  bring  it  down 
to  2, 166  lbs.  of  coal  per  indicator-horse  power  per  hour, 
and  that  would  be  a  &ir  comparison. 

791.  (Mr,  Vivian.)  What  do  you  take  the  average 
of  the  best  constructed  engines  to  be  ? — The  beat 
I  know  of  are  now  burning  about  2f  lbs.  of  coal  per 
horse  power  per  hour. 

792.  As  against  2*1  ?_As  against  2-166. 

793.  That  would  make  the  saving  to  be  about  half 
a  unit  ? — Yes ;  bat  I  do  not  consider  that  the  saving 
in  actual  pounds  of  coal  is  the  only  gain  by  my  ar- 
rangement of  engine,  as  the  extreme  simplicity  of  it 
is  of  great  importance,  the  largo  saving  being  obtained 
with  a  perfectly  simple  engine  ;  in  fact,  the  engine  is 
as  simple  as  the  common  marine  engine.  The  only 
difference  is.  that  one  cylinder  is  large  and  the  other 
cylinder  is  smalL  There  is  no  complication  of  move- 
ment of  valves,  or  anything  of  that  kind. 

794.  What  is  the  cost  of  the  engines  with  the 
reservoir  per  nominal  horse  power  ? — I  have  tenders 
from  different  people  for  stationary  engines  at  from 
41.  per  horse  power  up  to  18/.  per  horse  power  indi- 
cated. 

795.  Taking  the  case  of  100  nominal  horse  power 
«igine,  what  would  be  the  cost  of  your  reservoir  ? — 
Tor  aa.  old  pair  of  engines  of  120-borBe  power,  to 
which  my  plan  has  been  applied,  I  think  the  reser- 
voir and  pipes  cost  about  100/. 

796.  The  reservoir  is  of  wrought  iron,  I  presume, 
or  of  the  same  construction  as  the  boiler  ? — Yea;  it  is 
like  boiler  work. 

797.  (Mr.  Geddes.)  Is  the  fuel  which  you  use  the 
same  as  that  supplied  to  the  Cornish  engine  ? — It  is 
rather  email  Welsh  fuel  that  is  being  supplied  for 
these  engines  at  Brixton. 

798.  How  does  it  compare  with  the  Cornish  coal  ? 
— So  far  as  my  judgment  goes,  it  is  very  similar.  It 
is  called  *'  Welsh  coal,"  and  it  is  Welsh  coal ;  but  it 
is  small,  and  I  think  it  is  not  the  best  Wel^  coal ; 
but  I  am  not  speaking  from  any  actual  experiment ; 
I  am  speaking  from  the  r^ular  fortnightly  accounts 
in  the  books. 

799.  (Chatrman.)  Is  it  your  opinion  that  we  may 
look  forward  to  an  increased  econ<nay  in  the  produc- 
tion of  steam  power  P — That  was  the  point  which  I 
was  really  wishing  to  come  to.  I  saw  a  good  deal  of 
£ricson's  second  caloric  engine.  I  saw  it  at  work  at 
its  best,  and  I  should  be  quite  inclined  to  express  an 
opinion  as  an  engineer,  in  reference  to  caloric  engines, 
that  I  Wlieve  we  do  not  at  present  possess  materials 
for  making  a  good  caloric  engine  which  will  stand 
the  heat  and  tlw  wear  and  tear.  I  have  seen  Eric- 
son's  engine ;  in  fact  I  have  worked  at  it  myself  again 
and  fl^ain  ;  and  although  it  would  perform  a  pretty 
good  duty  with  a  very  small  fire  it  would  not  work 


for  two  days  together  without  burning  out  the  pipes       B  57 
of  the  heater  or  the  slides  or  pistons,  or  some  other  E.  A.  Ooteper, 
parts ;  it  however  worked  a  horizontal  water  pump  30 
inches  in  diameter  with  a  three  feet  stroke,  doulbe  j^[7l869 

acting,  about  30  single  strokes  per  minute,  pump-    * 

ing  tiie  water  to  a  height  of  abont  20  feet  tiuvugh 
»  pipe  having  a  loaded  suety  valve  on  the  top  of  it. 
That  is  a  pressure  of  about  another  10  fee^  making  a 
total  head  of  30  feet  probably.  That  is  a  larger 
amount  of  work  than  I  have  seen  done  by  any  o^er 
caloric  engine  'fit  all ;  but  still  it  was  not  a  success 
by  any  means,  and  I  do  not  think  that  the  mode  of 
saving  coal  in  future  will  be  by  the  adoption  of  a 
caloric  engine,  at  all  events  not  with  our  present 
materials.  If  platinum  ever  became  very  cheap  we 
might  have  some  chance.  The  greatest  possible 
economy  could  be  got,  theoretically  speaking,  from  a 
steam  etiguie  if  it  was  made  to  expand  to  the 
greatest  possible  extent  of  which  steam  was  capable  ; 
that  is  to  say,  if  the  boiler  ms  made  strong  enough, 
and  the  whole  of  the  latent  heat  was  put  into  Uie 
water,  then  we  should  really  theoretically  have  steam 
as  heavy  as  water,  and  then,  if  the  infinite  (I  may 
almost  coil  it  infinite)  expansion  curve  was  made, 
we  should  have  obtained  all  the  power  that  was 
possible  out  of  the  heat  by  one  simple  expansion 
figure.  But  inasmuch  as  we  cannot  make  boilers 
to  stand  that  pressure,  or  engines  with  pistons  to 
work  it,  I  think  that  also  is  impossible. 

800.  {Mr.  Vivian.)  What  pressure  would  that  be  ? 
— [  cannot  say  off-hand.  I  have  turned  my  attention 
to  economy  in  steam  engines  from  the  very  earliest 
time  that  I  was  able  to  do  so,  and  Z  have  alwaya 
aimed  at  expanding  steam  as  much  as  possible,  but  I 
have  always  aimed  at  keeping  wiUiin  jHractieable  and 
safe  modes  of  working. 

801.  How  &r  do  you  conuder  that  yon  can  prac- 
tically go  in  cutting  ofiT? — ^With  my  system  I  can 
expand  ten  or  twelve  times  if  desirable ;  but,  generally 
s{>eaking,  the  steam  is  not  used  high  enough  to  make  it 
worth  while  to  expand  ten  times,  because  the  pressure 
at  the  end  of  the  stroke  would  be  so  small  that  it 
would  be  really  increamng  the  size  of  the  engines 
without  getting  a  corresponding  commercial  result. 
But  by  the  mode  which  I  have  described,  viz.,  that  of 
warming  up  the  steam  during  the  whole  time  of  expan- 
sion, including  a  sort  of  rechauffi  between  the  two 
cylinders,  we  do  obtain  better  figures,  and  a  perfect 
regularity  of  motion  ;  that  is  of  course  applicable  to 
all  marine  engines.  With  regard  to  pumping  engines 
it  is  also  applhsabl^  because  &e  pressure  at  tiie  com- 
mencement of  Uie  stroke  is  only  a  little  more  than  the 
load,  and  towards  the  end  of  the  stroke  the  pressure  is 
rather  less  than  the  load,  and  therefore  it  is  exactly 
i^plicable  to  moving  a  pump. 

802.  With  OT  without  a  crank  ? — Yes,  with  or  with- 
out a  crank;  but  in  eithra-  case  the  irregalarity  of 
motion  would  not  be  so  great  as  in  the  Cornish  engine 
by  a  gi'cat  deal,  because  the  variation  in  pressure  would 
not  be  so  great,  even  expanding  eight  or  nine  times. 

803.  {ChairmarC) — 'Do  you  suppose  that  we  may 
look  fwward  to  an  increased  economy  in  the  use  of 
coal  for  the  production  of  steam  power,  judging  from 
what  has  come  within  your  knowledge  and  experience 
up  to  the  pi-eseut  time  ? — ^I  do  certainly  look  forward 
to  a  conuderable  economy  in  coal  in  reference  to  the 
production  of  steam  power  ;  but  I  must  say  tha^  inas- 
much as  at  Uie  present  time  there  are  commonly  known 
engines  (tf  <me  class  very  much  better  than  those  of 
another  class,  and  yet  people  do  not  always  take  the 
beet  class  of  endues,  I  do  not  thidt  that  an^  greot 
improvement  will  be  very  rapid.  I  think  it  will  be  a 
question  of  the  price  of  coal,  but  still  more  a  question 
of  the  knowledge  of  the  best  engine  being  widely 
distributed.  I  believe  that  if  at  the  present  time 
without  this  arrangement,  or  any  special  arrange- 
ment, you  were  simply  to  make  known  to  every 
person  who  was  about  to  buy  a  steam  engine  or  to  use 
one,  what  was  the  character  of  each  particular  engine 
he  could  buy  in  the  market,  he  would  be  much  more 
likely  to  buy  the  right  one  than  he  is  at  present,  be 
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B  58  **      present  time  the  very  worst  engines  sell 

E  ACowper   al™0B*  "  ^eU  as  the  very  best.    I  am  very  sorry  to 
■^v^*  say  that,  but  it  is  the  fact. 

804.  Tlicn  you  would  look  to  the  fbture  economy 
17  Amu  1869.  as  being  dependent  upon  the  price  of  coal  ? — ^Upon 

t]ie  price  of  coal  andavn'de  spread  knowledge  oS  yihat 
is  good  in  the  way  of  engines. 

805.  {Mt.  Vivian.)  Bedncing  it  to  figures,  what 
do  you  ^lieve  to  be  the  average  consumption  of  coal 
per  indicated-horse  power  per  hour  in  the  United 
Kingdom  at  this  moment  ? — It  is  very  diflScult  indeed 
to  say  exactly  what  it  is  ;  I  should  put  it  at  7  lbs. 
I  have  thought  over  that  question  a  great  deal.  I 
know  in  some  cases  it  is  as  much  as  10.  I  do  not 
agree  with  the  figures  which  I  heard  mentioned  in 
the  room  some  time  ago,  namely,  15  lbs,;  but  I 
believe  that  in  Birmingluun  there  are  engines  burning 
as  much  as  11,  and  I  am  sorry  to  say  12  lbs.  About 
9  lbs  may  be  taken  as  the  average  of  Birmingham  ; 
about  7  Ibe.  may  be  taken  as  the  average  of  I^ndon. 
The  average  of  Cornwall  is  very  much  less ;  perhaps 
it  comes  down  to  4  lbs. ;  but  the  total  average  of  the 
whole  kingdom,  including  steamboats,  would  be,  I 
should  think,  about  7  lbs.  per  indicated-horse  power. 

806.  And  by  the  adoption  of  combined  high  and 
low  pressure  engines,  with  proper  jacketing  arrange- 
ments, you  imagine  that  that  consumption  might  be 
reduced  to  2-2  lbs.  ?— Yes,  I  do. 

807.  Would  any  material  increase  follow  in  the 
firet  cost  of  these  engines  ? — Yes  ;  perhaps  30  per  ceut. 
more. 

808.  Have  you  considered  the  cost  of  erection  ?  Are 
not  the  compound  engines  much  smaller  in  all  their 
parts,  and  much  more  easily  erected  for  the  same 
horse  power,  than  large  engines  ? — ^No.  I  presume 
you  are  speaking  of  engines  to  expand  the  steam  to 
the  same  extent.  With  independent  compound  en- 
gines, such  as  I  have  described,  there  would  be  con- 
siderable saving  in  masonry,  beam  walls,  &c.  ;  and  it 
is  certainly  true  economy  to  put  up  a  pair  of  engines 
in  all  cases  where  you  required  anyUiing  like  100- 
horse  power. 

809.  (  Chairman.)  I  believe  you  have  paid  consider- 
able attention  to  the  common  fire  for  domestic  ar- 
rangements, and  so  on  ? — I  have,  as  far  as  possible. 

810.  We  should  like  to  have  some  information  irom 
yon  with  regard  to  that  subject,  and  particularly  in 
reference  to  Captun  Galton's  aiTangment? — With 
reference  to  putting  coal  upon  a  common  fire,  it  is  a 
very  simple  but  a  very  handy  plan  to  put  the  coal 
on  one  side  of  the  fire  at  a  time.  By  that  means 
you  can  keep  the  fire  in,  with  the  ordinary  New- 
.castle  caking  coal.  The  next  time  you  put  on  coals 
you  put  them  on  the  other  side.  With  regard  to 
Captain  Galton's  stove,  or  improvement  of  the  ordi- 
nary fireplace,  there  is  a  space  left  inside  the  chimney- 
piece  for  the  air  to  pass  up  behind  the  stove.  The 
smoke  and  the  products  of  combustion  go  up  an  iron 
chimney,  so  that  the  fresh  cold  air  coming  in  is 
warmed  as  it  passes  behind  the  stove  and  outside  the 
iron  chimney,  which  is  inside  the  brick  chimney,  aud 
it  enters  the  room  near  the  ceiling,  and  circulates 
through  the  room.  Captain  Galton  assures  me  that 
there  is  not  more  than  one  degree  of  temperature 
between  the  two  sides  of  the  room,  because  the  air 
is  constantly  turning  over  and  circulating,  and  the 
pressure  of  air  in  the  room,  instead  of  being  a  slight 
vacuum  (that  is  to  say,  slightly  below  the  ordinary 
pressure  of  the  atmosphere),  is  constantly  main- 
tained equal  to  it  or  higher,  so  that  there  are  no  cold 
draughts  from  the  windows  and  doors,  and  through 
<Tacks  in  the  fioor. 

811.  {Mr.  Vivian.)  What  happens  if  from  any  acci- 
dent these  iron  plat^  crack  ? — ^llien  the  smoke  would 
no  donbt  mix  with  the  fresh  air,  and  come  into  the 
room.  Captain  Galton  has  now  between  four  and  five 
thousand  of  these  stoves  at  work,  chiefly  in  military 
hospitals  and  barracks,  with  great  success,  I  pnt  one 
np  ust  autumn  in  a  large  schoolroom  I  was  designing 
in  mj  own  neighbonihood,  and  it  is  working  very 
well  indeed.  I  believe  this  is  one  of  the  few  improve- 


ments which  can  be  wwked  iridi  advantege  in  a 

common  grate. 

812.  It  preserves  die  adTOnti^  of  an  open  firs  ?— 
Yes. 

818.  You  may  retain  your  arrangements  as  to  fire- 
places^ and  so  forth  ? — Yes. 

814.  And  you  simply  itmrt  this  plate  in  the  chim- 
ney ? — ^You  simply  put  in  a  stove,  with  inn  pjatea  or 
wings  on  it,  and  an  iron  chimney  into  the  onnmon 
brick  chimney,  up  to  the  height  of  the  ceiling,  and 
you  bring  the  cold  air  in  at  the  bottom,  and  cany  it 
round  the  etove,  and  bring  it  into  the  room  near  the 
ceiling. 

816.  Can  yon  state  at  all  what  economy  has  been 
effected  by  that  means  ? — ^I  can  only  state  the  resnh 
of  the  experiments  which  Captain  Galton,  together 
with  General  Morin,  have  made.  Captain  Galtnt 
says  that  if  you  get  *  125  of  the  heat  of  an  ordinary 
fire  used  in  the  naoal  way  yon  get  '355  in  titb  wi^, 
*645  bemg  still  lost ;  you  gain  '28  ovor  the  ordinary 
fireplace. 

816.  {Mr,  Dickinson.)  When  a  common  grate  is 

used,  I  suppose  meet  of  the  heat  that  goes  from  the 
fire  is  given  off  into  the  house  somewhere^  either  into 
the  room  itself  or  into  the  upstairs  rooms,  through  the 
walls  of  the  chimney  ?  What  goes  out  at  the  top  of 
the  chimney  is  not  a  large  proportion  of  the  whole,  is 
it  ? — think  a  good  deal  is  lost ;  it  was  estimated  by 
Count  Bumford  that  only  one-eighth  of  the  heat  was 
given  ofi^  into  the  house,  but  I  think  that  estimate  did 
not  take  sufficiently  into  account  the  quantity  of  heat 
given  off  into  the  upper  part  of  the  hoiue,  and  diffused 
generally  through  the  house. 

817.  It  would  depend  very  much  upon  the  height 
of  the  chimney,  would  it  not  ^Ko  doubt. 

818.  (Mr.  Vivian.)  If  such  fireplaces  as  this  were 
adopted,  I  understand  yon  to  say  that  the  consump- 
tion of  coal  might  be  diminished  by  one  half? — I 
think  more  than  half  might  be  saved,  and  the  expe- 
rience of  between  4,000  and  5,000  of  the  stoves  goes 
a  long  way  towards  proving  the  fact  in  a  practical 
manner.  I  do  not  know  what  proportion  of  the  total 
quantity  of  coal  raised  is  used  in  common  firepliu:eB, 
but  I  should  imagine  that  it  was  about  40,000,000 
tons,  that  is  to  say,  less  than  half  the  total  quantity 
raised.  I  am  aware  that  it  has  been  estimated  that 
about  one  ton  per  head  iif  the  quantity. 

819.  (Chairman.)  It  stands  thus:  for  all  tiie  non- 
manufacturing  districts  one  ton  per  head  of  the  popuv 
lation,  num,  woman,  and  child,  is  as  nearly  as  possible 
the  qumitity  employed  ;  in  such  towns  as  Manchester, 
Leeds,  and  the  like  it  rises  to  three  tons  per  head  of 
the  population  ;  that  would  be  about  the  state  of 
the  case  throughout  the  kingdom  ? — I  should  have 
imagined,  speaking  with  all  deference,  that  a  closer 
calculation  might  be  made  by  taking  a  smaller  wei^t 
than  one  ton  per  head  throughout  the  country,  in- 
cluding the  whole  population,  aud  then  adding  some- 
thing to  it  in  proportion  to  the  house  rent,  and  «sti- 
mating  the  coal  used  in  manu&ctnres. 

820.  The  whole  question  will  be  much  more  care- 
fully determined  tlum  it  has  hitherto  been  ? — only 
refer  to  it  inasmuch  as  I  think  that  the  saving  of 
coal  in  common  fireplaces  is  one  of  die  greatest 
savings  that  can  be  efficted.  Kext  to  that  I  think 
the  saving-  in  steam  engines  is  of  the  greatest  im- 
portance, because  there  are  vastly  more  steamboats 
and  steam  engines  than  there  are  furnaces.  I  should 
say  the  proportion  would  be  nearly  50  to  1. 

821.  Many  years  since  there  was  a  committee  on 
the  warming  and  ventilation  of  dwelling  houses,  and 
in  the  report  of  that  committee  some  plans  were 
indicated  which  were  as  nearly  as  possible  attnilip*  to 
those  of  Captain  Galton.  That  report  has  been 
before  the  public  now  for  a  great  many  years,  and 
yet  we  hear  nothii^  of  the  application  of  these  pro- 
cesses. I  suppose  you  would  refer  that  merely  to  the 
prejudices  of  people ;  but  I  call  attention  to  wis  &ct 
m  order  to  show  how  difficult  it  wiU  be  to  overcome 
the  prejudices,  or  whatever  the  hindrance  may  in 
cwmection  with  the  common  fireplace  ? — lliat  is  so. 
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mtdonbtedly ;  but  when  you  speak  of  these  plans 
having  been  before  the  public,  I  may  observe  that  I 
do  not  think  that  the  matter  has  been  sufficiently 
pieesed  upon  the  notice  of  the  public.  The  amount 
of  publication  that  is  necessary  to  make  the  public 
^nerally  understand  and  knovf  a  thing  is  wonderful. 
For  instance,  this  plan  was  described  at  the  meeting 
of  the  British  Association  at  Norwich  last  year,  bat  I 
hare  not  seen  a  word  about  it  since  any  where. 
However,  Captain  Galton,  firom  the  position  which 
he  occupies,  has  been  able  to  get  this  plan  carried  out, 
as  I  have  stated,  in  a  great  many  places,  and  it  works 
with  success.  I  got  one  put  up  in  a  schoolroom 
at  Streatham,  which  has  also  worked  successfully. 
In  fact,  it  only  requires  to  be  known  to  be  ap- 
preciated. 

822.  {Mr  Vivian.)  Can  you  tell  me  who  manufac- 
tores  these  stoves  ? — had  some  difficulty  in  finding 
it  out  mysel^^and  bad  to  ask  at  the  War  Office  ;  it  is 
Uessn.  keimard,  of  67,  Upper  Thames  Street. 

823.  {Mr.  Dickimon.)  There  would  be  an  extra 
expense  in  fitting  up  that  arrangement  in  buUdii^  a 
house,  would  there  not  ? — No  doubt. 

824.  And  it  would  take  up  more  room  than  an 
ordinuy  chimney,  I  suppose  ? — ^It  has  been  fitted  up 
in  ordinary  fireplaces. 

825.  It  would  increase  the  width,  on  account  of 

The  witnei 


tJie  ventilating  part.   You  require  a  cert^  space       B  59 
now  for  your  chimney  hj  Act  of  Parliament,  if  boys  E.  A.  Cowper, 
are  to  go  up  it  ? — think  an  ordinary  floe  requires  to  ^'9- 
be  9  by  14  inches.  T"~~iiwfl 

826.  It  is  always  a  consideration  in  building  a  '  ""^  * 
house  to  keep  your  flues  within  as  small  a  compass  as 

possible  ? — No  doubt. 

827.  The  late  Mr.  Peace  had  a  similar  arrange' 
ment,  only  instead  of  taking  tiie  air  £K»n  the  bottom 
of  the  chimney  he  took  it  from  the  top,  and  it  was 
found  that  the  smoke  came  down  from  the  other 
chimneys  into  the  room,  which  was  such  an  incon- 
venience that  he  had  to  stop  it  out ;  but  in  this  in- 
stance you  take  the  air  in  from  the  bottom,  and  it  is 
kept  quite  distinct  from  the  smoke? — Yes;  -but  in 
ventilating  some  large  buildings,  such  as  the  Post 
Office  and  the  Inland  Revenue  Office,  I  have  taken 
it  by  a  fan  from  the  top,  taking  care,  however,  to  keep 
clear  of  the  chimneys. 

828.  I  rather  think  that  in  ventilating  the  Houses 
of  Parliament  it  was  proposed  to  get  t^  air  down  a 
high  tower,  and  it  coidd  not  be  got  to  oome  down  ? — 
I  believe  on  a  warm  day  it  did  not  like  to  come  down. 
Captain  Galton  could  give  you  better  i^ormation 
wititi  reference  to  the  stove  than  I  can.  I  only  know 
of  it  by  having  been  present  at  the  discussion  of  the 
British  Association,  and  having  pat  (me  up. 

i  withdrew. 


Henky  Besseueb,  Esq.,  Denmark  Hill,  examined. 


829.  {Chairman,)  Ton  are  very  well  known  in 
connexion  with  your  own  particular  process  for  the 
manufacture  of  steel,  which  necessarily  shows  that 
you  have  paid  large  attention  to  metallurgical  pro- 
cesses for  the  economy  of  ftiel.    I  think  you  will 
have  sufficiently  seen  the  purpose  of  the  Commission. 
I  will  therefore  ask  you  if  you  will  favour  us  with 
your  opinion  as  to  tfie  probable  future  of  our  iron 
and  steel  metalluigy,  and  the  economy  of  coal  in 
reference  thereto  ? — With  reference  to  the  quantity 
of  coal  employed  in  the  production  of  east-steel,  I 
may  mention  that  in  the  ordinary  process  of  pro- 
ducing cast-steel  about  3^  tons  of  the  best  coke  are 
requued  for  the  fiuion  of  a  sin^e  ton  of  steel.  With 
this  large  consumption  of  coal,  or  rather  coke,  coupled 
-with  Uie  bet  that  you  most  commence  the  mumiac- 
ture  with  already  finished  bar  iron,  first  converted 
into  blister  steel,— the  cost  of  production  of  cast-steel 
has  been  so  high  that  very  little  steel  has  hitherto 
been  used,  except  for  those  purposes  for  which  it  was 
an  absolute  necessity ;  therefore,  perhaps,  it  would  be 
improper  to  say  that  all  the  fuel  we  save  in  my  pro- 
cess would  have  been  saved  ;  but  if  that  quantity  of 
ateel  which  is  now  made  had  been  made  by  my  process 
the  3^  tons  of  coke  per  ton  of  steel  would  have  been 
reduced  to  about  3  cwt,  this  3  cwt.  being  employed 
In  the  fusion  of  the  cast-iron  preparatory  to  my  pro- 
cess, ^ich  of  its^  requires  no  fa&l  whatever.  Hence 
in  this  country,  if  we  take  the  present  production  of 
cast-steel  by  my  process  at  IS^OOO  tons  a  year,  we 
sbonld  have  a  saving  of  a  little  over  half  a  million 
tons  of  coke  in  that  time,  representing,  of  course,  its 
proportion  of  coal,  the  amount  being  greater  or  less 
according  to  the  purity  of  the  coal  employed.  Lat- 
terly the  production  of  cast-steel  has  been  regularly 
on  the  inerease,  every  quarter's  return  showing  a 
greater  quantity  than  the  preceding  one,  up  to  the 
end  of  the  last  year.    Hence  we  may  take  the  present 
rate  as  fairly  indicating  the  progress  which  steel  is 
really  maki^,  uid,  jn^ing  as  far  as  I  possibly  can 
from  the  experience  we  have  had,  I  think  that  in  two 
years  from  the  present  time  we  may  estimate  that 
the  production  of  cast-steel  would  be  at  least  a  quarter 
of  a  million  toxa  annually  in  Great  Britain.  That 
would  probalbly  bring  up  our  economy  in  the  con- 
sumption of  tiool,  tabang  the  actual  quantity  of  coal 
used  for  c<ddi^  to  aa  near  as  may  be  a  miUion  tons 
annually. 


830.  {Mr.  Vivian.)  A  millitm  tons  annnalfy  saved  ? 
—Yes. 

-  831.  There  is  a  wider  question,  is  not  there,  in 

reference  to  the  application  of  your  patent  ?  Does  it 
not  apply  generally  to  the  substitution  of  steel  for 
wrought-iron  ? — ^Tea  ;  to  a  very  great  extent. 

832.  How  would  the  saving  effected  in  that  way 
stand  ? — ^At  the  time  when  my  steel  first  came  into 
the  market,  some  eight  or  ten  years  ago,  a  bar  of  cast- 
steel,  such  as  an  ordinary  railway  bar,  say  an  ordinary 
tilted  bar,  weighing  5  cwt.,  could  not  be  purchased  in 
Sheffield  under  40/.  a  ton ;  indeed  there  were  but 
few  manufacturers  in  Sheffield  who  would  have  made 
such  a  bar.  At  that  time  cast-steel  was  generally 
selling  at  from  45/.  to  602,  per  ton ;  but  had  there 
been  a  doaund  sndi  as  the  Sheffield  manufacturers 
could  have  supplied  at  that  time  I  do  not  think  thft 
price  would  have  reached  a  point  lower  Ihaxi  401.  per 
ton.  I  think  the  production  of  railway  bars  ia  now 
something  like  130,000  tons  annually,  at  an  average 
cost  of  11/.  per  ton. 

833.  Made  upon  your  system  ? — -Yes  ;  that  would 
be  the  difference  of  price  in  eight  or  ten  years. 

834.  Those  are  in  substitution  for  the  ordinary 
wrought-iron  rails? — Yes. 

8S5.  What  is  the  saving  of  fuel  due  to  the  adoption 
of  your  process  for  the  oi^nary  puddling  process  ? — 
In  the  cndinary  puddling  process,  I  suppose  25  cwt. 
of  coal  per  ton  of  metel  would  be  a  fair  average. 
That  includes  the  melting  of  the  pig  iron.  In  our 
case  we  prefer  to  mdt  the  pig  iron  chiefiy  with  coke. 
We  take  from  2^  to  3  cwt.  per  ton  of  iron  melted  ; 
we  require  no  further  fuel  until  the  steel  is  reduced 
to  a  large  mass  or  ingot,  as  it  is  generally  called,  and 
Ibat  may  be  taken  as  equivalent  to  a  pile  of  puddled 
bars,  heated  and  ready  for  their  second  rolling.  It  is 
quite  true  we  produce  a  superior  product,  but  I  think 
the  stage  of  manufacture  should  be  taken  into  account, 
so  that,  taking  the  quantity  of  fuel  employed,  in  addi- 
tion to  the  puddling,  that  would  bring  it  up  to  35  or 
86  cwt.  of  coal,  as  against  3  cwt.  of  coke,  if  we  esti- 
mate the  billot  or  bloom  of  puddled  iron  as  an  uni- 
valent for  an  ingot  of  cast-steel. 

836.  The  3  cwt.  of  coke  would  be  equivalent  to 
frmn  4  to  5  cwt.,  say  5  cwt  of  coal  ? — ^Yes. 

837.  Then  the  saving  would  be  as  between  5  and  35 
cwt.  ? — Yes,  in  bringing  it  up  to  that  stage. 

838.  That  therefore  is  a  saving  of  30  cwt.  of  coal? 


Esq. 
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B  fift      —Yes  ;  that  ia  a  saving  of  30  cwt.  of  coal  per  ton  as 
B  S^ma    ™™P^^        pwldl^  iron,  but  if  you  compare  the  ' 
'  Stq     *  ord&MTj  cast-8teel  witb  the  cast-steel  made  by  thlB 
—        process  the  saving  becomes  much  greater. 
17  Jute  1089.      839.  Comparing  it  now  upon  the  broad  principle 
 •   that  is  the  saving  ? — Yes,  just  so. 

840.  Do  you  conteraphtte  the  probability  of  the 
whole  or  nrarly  the  whole  of  the  rails  manufactured 
in  tluB  kingdom  being  made  ultimately  by  your 
{vocess  ? — I  think  so  ;  I  have  every  reason  to  think 
flo,  because  I  believe  that  the  real  economy  of  the 
railway  system  will  oblige  the  companies  to  take  the 
dearer  material  (for  it  is  dearer  at  first),  on  account 
of  its  extreme  durability,  and  on  account  of  another 
consideration,  which  has  not  been  sufficiently  con- 
sidered among  engineers,  viz.,  the  fact  that  an  old 
steel  rail  is  very  valuable.  It  has  been  supposed  that 
because  we  cannot  readily  cut  up  and  file  the  old 
steel  rails  when  they  are  worn  out  their  value  would 
be  lem  than  that  of  iron  ruls,  which  so  readily  unite  and 
weld  tf^gether.  Howero',  the  fbct  is  that  the  steel 
nQ  in  the  act  of  weiu'ing  does  not  split  and  divide 
itself  into  separate  lamina,  as  the  common  iron  rail 
does,  but  it  simply  loses  a  portion  of  its  substance  until 
the  upper  flange  becomes  too  thin  to  beartiie  weight  of 
the  wheel  without  curving  downward.  Then  the 
nul  is  Bwd  to  be  worn  out,  but  the  metal  composing 
the  rail  itself  is  as  perfect  as  the  first  day  it  was  used, 
although  it  is  no  longer  fitted  for  its  original  purpose. 
I  Iiave  found  by  cutting  up  these  worn  rails  in  a 
slitting  mill,  and  tiding  off  the  two  tables  or  heads 
from  ^  central  web,  that  with  a  single  heating  and 
nAing  they  can  be  brought  down  to  a  round  or  squai-e 
or  any  other  desired  section.  The  result  is  as  po^fect 
a  piece  of  matoial  as  if  we  had  or^ually  numufac- 
tmed  it  from  the  ingot ;  and  consequently  new  rods  or 
bars  of  onaller  section  can  be  made  from  old  steel  rails 
at  a  much  less  coat  than  an  old  iron  rail  can  be  made 
into  a  new  one.  And,  i^n,  at  the  present  market 
value,  all  small  steel  sells  at  a  much  higher  price  than 
rails.  Indeed  rails,  from  the  fecility  with  which  they 
are  made  in  large  quantities  and  the  demand  for  the 
article,  are  always  at  a  lower  price  than  steel  of  other 
sections.  Hence  it  happens  that  while  a  steel  rail 
can  be  purchased  at  11/.  per  ton,  small  bars  of  the 
same  material  are  now  fetching  18/.  or  20/.  per  ton. 
However  the  fact  remains,  that  an  old  steel  rail  is  so 
ralut^e  for  oUier  purposes  that  it  should  be  taken 
into  account  in  consideiing  its  first  cost  compared  with 
that  of  iron. 

841.  Then  tho  selling  price  of  rails  made  by  your 
process  at  present  is  something  like  11/,  per  ton  ? — 
Tes  ;  I  have  heard  ixmec  quotations,  but  I  think  that 
that  may  be  taken  as  a  fiur  price  now. 

842.  What  is  the  selling  price  of  rails  manufactured 
in  the  ordinary  way  ? — It  varies  in  di^rent  districts, 
from  6/.  to  6/.  10*.  per  ton. 

843.  Now  as  to  the  relative  wear  of  your  rails 
and  the  ordinary  rails  ? — The  most  severe  test  I  know 
of  was  one  adopted  by  the  London  and  North-western 
Kailway  Company.  Our  works  at  Sheffield  supplied 
them  with  500  tons  of  cast-steel  blooms  for  purely 
experimental  purposes.  These  blooms  were  rolled  at 
their  own  mill  at  Crewe  into  one  uniform  section, 
viz.,  an  84-lb.  double-headed  rail,  some  of  which  were 
put  down  at  various  places  on  the  line  where  the 
greatest  amount  of  traffic  existed.  Crewe  station  was 
one  <^  the  spots  selected,  because  of  the  great  number 
of  trains  made  up  there,  and  the  immense  throng 
traffic  at  that  station.  Their  engineer,  Mr.  Rams- 
bottom,  told  me,  at  the  time  we  laid  down  our  steel 
rails,  that  the  ordinary  iron  rail  [lasted  about  four 
months,  that  they  had  indeed  three  changes  of  rails 
a  year  on  the  average,  having  in  that  time  worn  the 
two  faces  of  each  rail  away.  The  steel  rails  which 
were  there  put  down  were  in  use  about  3^  years, 
and  were  only  removed  for  the  erection  of  tne  new 
Crewe  station.  I  am  not  aware  whether  they  were 
put  down  again  the  other  way  upwards  or  not,  but 
perhaps  the  most  exact  comparative  working  expe- 
riment wMch  hM  be«i  made  vm  the  Chalk  Fwin 


rail.  At  Chalk  Farm  there  is  a  particular  spot  over 
which  every  train  issuing  from  London  or  coming 
to  London  must  pass  over,  moat  of  the  traffic  con- 
nected with  the  making  up  of  the  goods  trains  has 
to  pass  also,  so  that  the  wear  at  this  part  of  the  line 
is  excesnve ;  and  on  that  particular  part  of  the  line 
they  put  down  some  sted  nUIs  on  one  side  of  the 
line,  and  some  iron  rails  on  the  other,  bo  that 
every  engine  and  carriage  had  to  pass  over  both 
steel  and  iron  rails  at  the  same  time  ;  this  was  done 
with  a  view  of  getting  the  actual  comparative  wear 
of  the  two  materials ;  each  of  the  iron  rails,  when 
the  first  face  was  worn  out,  was  ttirued  the  other 
way  upwards,  and  when  the  second  face  was  worn 
out  it  was  replaced  by  a  new  iron  rail.  At  the 
meeting  of  the  British  Association  at  Birmingham, 

I  exhibited  one  of  thfMse  steel  rails,  which  the  com- 
pany kindly  had  taken  up  from  the  line  at  Chalk 
Farm  for  the  occasion.  At  that  time  the  rail  had 
been  used  on  one  face  only,  and  the  precisely  opposite 
rail  to  it  had  been  changed  28  times,  that  is  to  aaj, 

II  iron  railfl  had  been  absolutely  worn  ont  and  the 
twelfth  rul  was  ondergoing  the  wear  of  its  first  f^. 
The  steel  rail  was  too  for  gone  on  one  &ce  to  have 
lasted  much  longer ;  another  month  or  two  would 
have  spoilt  the  first  face  of  the  steel  rail ;  so  that  in 
that  case,  having  used  the  steel  rail  only  on  one  face, 
it  had  lasted  in  the  ratio  of  1  to  23 ;  therefore  the 
comparative  durability,  when  used  on  both  faces,  would 
be  double  that  again. 

844.  In  the  ratio  of  one  to  23  ?— Yes.  However,  I 
do  not  insist  upon  that  being  the  universal  standard  of 
the  wear  and  tear  of  the  two  kinds  of  raiL  I  would 
rather  content  myself  with  going  very  much  lower 
than  that.  If  the  difference  in  the  amount  of  wear 
and  tear  of  the  two  rails  was  only  in  the  ratio  of  one 
to  lOf  it  would  be  quite  sufficient  to  prove  my  case, 
and  I  think  to  inluce  railway  oompanies  in  fatnre  to 
use  steel  entirely,  when  it  becomes  a  little  cheaper, 
in  preference  to  vans  uon  for  that  purpose. 

845.  In  point  of  ntct  the  extra  durability  of  the 
steel  rail  directly  leads  to  a  saving  of  coal,  does  it 
not  ? — Yes ;  quite  so. 

846.  Because  tbe  production  of  23  iron  rails  to  one 
steel  rail  involved  their  relative  proportions  of  coal  in 
their  manu&cture,  did  it  not  ?— Tes. 

847.  Then,  in  regard  to  the  substitution  of  your 
metal  instead  of  puddled  iron  for  other  purposes  ? — A 
large  quantity  <^  it  is  now  being  used  for  boiler 
plates.  My  friend  Mr.  Flatt  gave  it  a  trial  for  that 
purpose  some  five  years  ago.  He  had  at  that  time 
one  experimental  boiler  put  up^  and  that  boiler  was 
afterwards  copied,  tiiat  is  to  say,  th^  were  five  other 
boilers  made  ^milar  to  it  some  few  montba  after  it 
had  been  in  work  and  had  given  satisfaction  ;  and  I 
understood  from  him,  a  few  months  ago,  that  they 
wore  still  working  very  satisfactorily.  The  thickness 
of  the  metal  was  very  much  less  than  when  iron  was 
used.  Indeed  I  may  give  you  the  dimensions.  The 
plates  wei'e  five  sixteenths  of  an  inch  in  thickness ; 
each  boiler  was  seven  feet  in  diameter.  They  were 
Cornish  boilers,  and  the  working  pressure  was  70  lbs. 
That  would  have  been  highly  dangerous  in  iron 
boilers  of  that  thickness.  Indeed  they  replaced  iron 
boilers  with  half-inch  plates,  and  these  half-inch 
plates,  at  the  lap  being  an  inch  in  thickness,  were 
rapidly  burnt  away ;  and  that  was  the  chief  reason 
for  their  wishing  to  substitiUe  steel  plates,  so  that  all 
their  other  ammgranents  might  be  alike.  By  using 
these  thin  plates  the  burning  away  at  the  lap  jointa 
was  not  so  rapid.  They  have  found  also  an  economy 
of  fuel,  since  ihe  thinner  boiler  transmits  the  heat 
rather  more  readily  than  the  thicker  ones  previously 
in  use,  and  probably  from  another  circumstance, 
namely,  that  as  the  metal  is  not  in  that  laminated 
condition  which  ordinary  iron  is,  the  heat  passes 
through  a  purely  homc^neous  body  from  the  outudo 
to  the  inside,  and  there  is  therefore  no  interception  of 
heat  Thexe  is  another  point  which  is  most  interest- 
ing inasmuch  as  a  blister  never  occurs.  We  cannot 
bftTe  ft  blister  vpoa  the  cMt-steel  plate^  nmpl/ 
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because  there  ai-e  no  two  surfaces  imperfectly  united. 
In  the  case  of  some  works,  chemical  works  in 
America,  where  the  Low  Moor  iron  plates  have  been 
used  for  evaporating  pans,  the  temperature  is  raised 
sometimes  to  a  dull  red  heat,  in  fact  always  at  the 
finish  of  the  process  it  is  raised  to  a  dull  red  heat. 
They  usually  employ  iron  plates  of  the  best  manufac- 
ture made  by  1^  Low  Moor  Company.  Nothing 
can  exceed  we  high  qnality  of  these  plates  in  the 
ordinary  process  of  iron  manufactare;  but  they 
blister  very  much  when  such  high  temperatures  are 
employed.  It  was  found  that  hy  snbstituting  steel 
for  this  purpose  we  nerer  get  a  blister  formed  on  the 
plates.  The  wear  of  a  steel  plate  is  only  a  ample 
case  of  oxidisation,  and  that  is  a  very  slow  process  in 
comparison  to  the  blistering  of  the  ordinary  iron. 

848.  So  that  by  the  use  of  boiler  plates  made  of 
your  metal  in  the  first  instance  the  saving  of  weight 
is  as  five  sixteenths  to  one  half,  and,  in  the  next 
place,  the  transmission  of  heat  produces  an  economy 
of  fuel  ?— Yes. 

849.  What  is  tlie  relative  strength  of  your  metal 
and  Uiat  of  an  ordinary  boiler  plate  ? — I  will  speak 
of  our  boiler  plate  first  For  a  boiler  phtte  we  prefbr 
to  use  the  wenkest  metal  we  make.  That  is  to  ensure 
anch  an  excess  of  toughness  as  to  leave  us  no  chance 
of  danger  from  the  greater  rif^di^  of  steel  over  iron, 
so  that  the  expsmsions  and  contracUons  of  the  boiler 
from  cooling  and  heating  from  time  to  time  does  not 
induce  fracture.  For  ordinaty  purposes,  perhaps,  the 
best  strength  our  steel  will  bear  is  40  tons  per  square 
inch,  but  for  boiler  plates  some  of  our  best  manufac- 
tures have  come  down  to  34,  and  in  some  cases  32 
tons.  I  think  myself  from  32  to  34  is  the  best 
tensile  strength  to  use,  because  there  we  have  such 
extreme  toughness  as  to  defy  rupture,  whereas 
when  you  get  up  to  40  tons  there  is  some  danger 
from  expansion  and  contraction.  When  the  cold 
water  comra  in  sometimes  there  is  a  sudden  cooling 
of  the  plate,  aud  when  the  plate  is  of  40  tons  tensile 
strength  the  sudden  contraction  may  produce  frac- 
ture ;  bat  if  the  tensile  stivngth  is  only  32  ot  S3  we 
never  get  a  fracture.  Such  metal  is  not  hardened  by 
immersion  in  cold  water,  and  when  heated  to  redness 
it  approaches  so  nearly  to  the  character  and  toughness 
of  copper  BO  that  the  danger  of  fracture  does  not 
exist  in  that  case,  and  we  have  a  perfectly  reliable 
metal. 

850.  What  is  the  best  strength  of  the  ordinary  iron 
plates  ? — believe  the  strength  of  the  best  St&Sbrd- 
shire  plates  is  from  20  to  21  tons ;  the  Low  Moor 
Bometunes  rise  to  26.  We  think  if  we  go  to  33  or 
34  tons,  giving  the  extreme  of  safety,  that  is 
advisable,  though  there  are  many  boilers  made  of 
steel  that  will  stand  from  38  or  40  per  square  inch. 

851.  Can  you  insure  always  the  same  tensile 
strength  ? — Yes,  very  nearly.  We  have  now  gained 
a  very  perfect  command  of  the  process  by  becoming 
used  to  it,  so  that  we  can  give  the  degree  of  carbura- 
tion  requked  with  great  nicely. 

852.  With  rei^ard  to  the  other  uses  of  iron,  how 
does  the  comparison  with  your  steel  stand  ? — For 
marine  shafts  steel  is  a  great  deal  used  ;  for  piston 
rods  it  is  almost  universally  em|Uoyed.  The  flaws  in 
the  iron  tear  the  packing  in  the  gUmds  so  much  that 
it  is  of  the  higlieet  imp(nianoe  to  get  a  metal  free 
from  flaws,  in  addition  to  which  stecT  is  both  lighter 
and  stronger  than  iron. 

853.  It  would  compare  with  hammered  iron,  would 
it  not  ?— Yes. 

854.  Are  you  able  to  say  what  is  the  saving  of 
coal  resulting  from  the  use  of  your  metal,  as  com- 
pared with  hammered  iron,  for  shafting  and  piston 
rods  ? — Yes ;  I  should  think  we  do  not  use  mare 
than  one  third  to  a  quarter  of  the  fad  requisite  to 
produm  the  same  article  in  fbrged  inm.  We  do  not 
require  so  high  a  heat  as  mast  be  emidoyed  for  weld- 
ing. We  take  a  block,  in  the  flrst  instance,  of  the 
size  of  the  article  we  want  to  make.  The  block  is 
compwatively  shipped,  in  the  first  instance  i  we  do  not 
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have  to  bmld  it  up  n  pieces,  and  then  shape  it  after- 
vrards. 

855.  Has  your  metal  been  extensively  used  for 
building  ships  ? — It  was  used  by  one  house  in  Liver- 
pool so  extensively  that,  according  to  lui  account  I 
had  from  them  some  years  since,  they  had  made 
30,000  tons  of  steel  shipping,  exclusively  of  our 
steel,  plates.  I  find  now  from  Mr.  Beid,  the  Con- 
structor of  the  Navy,  that  they  are  oung  it  c<mjointly 
with  iron  where  they  want  a  great  tensile  strength. 
They  are  making  their  deck  plates  and  deck  beams  of 
it^  and  he  has  told  me  that  he  is  gradually  introduc- 
ing it.  They  will  not  introduce  a  tiling  of  that  kind 
rapidly,  (and  perhuM  wisely  so,  because  diey  shoold 
feel  their  way  a  little. 

856.  How  does  the  saving  of  coal  in  manufacture 
compare  in  that  case  ? — There  we  have  the  primary 
saving  in  making  the  steel,  otherwise  we  have  no 
saving.  The  rolling  of  the  plat^  though  the  heat  is 
not  so  great,  may  be  taken  &iriy  as  being  the  same  as 
for  the  fabrication  of  iron. 

857.  Is  the  weight  the  same  in  both  cases  ?— The 
weight  would  not  be  so  great,  therefore  for  a  given 
ship  of  course  we  should  save  in  proportion  to  the 
weight. 

858.  (Chairman.)  In  some  evidence  we  have  had 
from  Mr.  Hick  of  Bolton  he  has  famished  us  with  a 
table  of  the  evaporation  of  boilers  with  iron  and 
steel,  osuig  the  Bessemer  steel  for  the  boiler,  which 
appears  to  be  decidedly  in  favour  of  the  steel  boiler, 
but  he  says,  **It  is  important  to  test  the  plates 
"  because  if  yon  cannot  depend  upon  the  plates,  if 
"  they  we  not  strictly  homogeneous,  the  weakest 
"  and  worst  plate  is  the  ultimatum  of  the  strength  of 

the  whole."  In  rolling  the  Bessemer  steel  is  it 
liable  to  any  molecular  alteration  by  which  its  tensile 
strength  is  weakened  ? — No,  I  think  no^  duless  it  is 
rolled  badly. 

859.  {Mr.  Vivian,)  By  its  being  not  properly 
annealed  ? — Yes  ;  or  not  prepared,  I  think  the  pro- 
cesses for  annealing  plates  which  are  commonly  used 
at  the  present  time  are  not  to  be  depended  upon.  A 
very  excellent  phite  may  be  spoiled  by  improper 
annealing. 

860.  (Chairman.)  From  this  answer  of  Mr.  Hicks, 
"We  have  a  chemist  upon  Ihe  works  who  tests  a 
"  portion  of  every  blow  so  that  we  can  account  for 
"  every  operation,  and  we  have  also  had  a  record 
"  kept  at  the  works  of  the  resnlts  of  these  tests 
"  nearly  ever  since  the  works  commenced,"  one 
might  infer  that  there  was  a  liability  to  weakening  in 
the  process  of  manufacture  ?— No ;  I  think  that 
answer  went  to  this,  that  every  time  that  they  make 
a  fresh  charge  of  five  tons  it  is  desirable  to  know 
whether  it  has  precisely  the  same  degree  of  carbura- 
tion  as  the  five  tons  preceding  it ;  and  if,  on  testing 
a  small  piece  in  a  charge  of  five  tons,  it  is  found  that 
the  metal  would  have  a  tensile  strength  of  40  tons, 
for  instance,  they  say  that  is  an  excellent  metal  for 
making  shafts  or  piston  rods  or  a  great  many 
forgings  j  but  I  would  not  use  it  for  making  a  boiler 
plate,  because  for  a  boiler  pUte  I  want  an  extremely 
tough  metah  ■  There  is  a  very  little  variation  some- 
times in  the  quantity  of  carbon  present,  but  that 
slight  variation  will  make  all  the  diflerence  in  ito 
being  suited  for  shafts  and  piston  rods  or  boilers. 
Therefore  they  like  to  select  from  the  raw  prodnce  a 
metal  suitable  for  each  special  purpose,  and  with 
view  they  very  wisely  keep  a  record  of  the  whole  of 
their  atot^  of  sted,  applying  each  ingot  to  the  pur^ 
poses  for  which  its  aetaal  carboration  renders  it  most 
suitable. 

861.  I  find  that  in  the  tables  of  Mr.  Hick  he  says 
that  one  pound  of  coal  in  the  inm  boiler  evaporated 
6*35  pounds  of  water;  one  pound  of  coal  in  the 
ateel  boiler  evaporated  7'467  pounds  of  water.  Upon 
what  princi|ile  should  you  account  for  that  differ- 
ence ?— I  think  it  arises,  m  the  first  place,  from  the 
thinness  of  the  steel  plate^  and,  secondly,  from  its  bemg 
a  better  conductor  of  heat  laterally  than  iron.  It 
does  not  conduct  heftt  Icmgitudiaally  much  bettw 
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B62      than  iron ;  there  is  Hcucely  any.  perceptibj[d  differ-- 
A  J^**'"*   ence  betwe^  them  longitadioally  j  but  laterally  there 
'     UI  a  great  difierence.   That  difierence  I  attribute 
17  June  1869.  ^i^^J  ^  heivig  a  neriee       thin  plates,- 

I  ,  .11,  tolerably  dose  to  eacK  other,  but  having  minute 
films  of  interceptiog  scale,  m^ing  it  a  worse  con- 
ductor of  lieat  in  the  direction  of  thoee  cross  films 
than  in  the  other  direction  where  they  are  not 
interposed. '     '\ ' 

862.  The  steel  ui  an  aggregation  of  molecules  in 
dose  contact  with  'elich  other  ^:-Yes. 

863.  Without  any  lamination  ? — Tes. 

864.. — One  might  suppose  that  after  a  short  time, 
tiie  heat  of  £he  two  plates  being  the  same,  -we  should 
not'  detect  that  di^rence,  unless  there'  is  an  actual 
transmission  of  heat  more  qmckly  by  the  molecules 
of  1^  steel  than  by  the  i^ates  of  the  iron  ? — I  believe 
if  fou  were  to  take  iron  that  had  no  intercepting 
Bcal^  and  was  perfectly  welded  at  all  points  throughout 
its  entire  snrntce,  that  iron  would  be  as  capable  of 
conducting  heat  perfectly  as  steel ;  but  in  ordinary 
cases  that  is  not  so.  I  believe  also  that  the  iron  we 
make  possesses  precisely  the  same  quality  in  that 
respect  in  itself ;  that  is  to  say,  it  is  not  the  carbon 
element  that  interferes  at  all  with  the  conductii^  of 
heat.  When  we  reduce  our  metal  to  soft  iron  its 
conducting  power  would  be  the  same  as  that  of  steel, 
from  the  fact  of  its  particles  being  continuous,  and 
there  being  no  intercepting  scale  resmtiog  from  imper- 
fect veldmg. 

865.  I  am  not  awu:e  whether  there  are  any  exp^i- 
meatB  as  to  the  ccmdacting  power  of  yom-  steeU 
relatively  to  Uiat  of  iron  o£  the  best  quality  ? — I 
should  think  it  is  not  a  better  conductor  of  heat 
longitudinally  ;  practically  I  should  think  there  is  no 
difference  longitudinally;  but  I  should  think  thore 
would  be  a  considerable  difference  transversely. 

866.  {Mr.  VtviuTi.)  I  think  you  said  that  you  con- 
templated that  a  large  portion  of  the  irOn  of  the 
kingdom  would  be  produced  by  your  process  ?— -Tes. 

867.  Is  not  the  question  of  the  use  of  pi^  iron  made 
from  ores  coutaining  phosphorus  largely  involved  in 
that  ? — ^Very  largely  involved.  At  the  present  time 
we  are  unable  to  deal  with  ores  containing  a  latge 
proportion  of  phosphorus ;  indeed  I  might  say  we  are 
unable  to  deal  with  ores  containing  a  small  proportion 
of  phosphorus ;  for  it  is  80  great  an  enemy  to  cast 
inm  that  we  cannot  use  iron  where  it  ia  present  in 
quantities  exceedii^  one-tenth  of  one  per  cent. ;  but 
we  have  lai^  stores  of  hematite,  which  yield  a  large 
proportion  of  our  material,  and  I  believe  the  importa- 
tion of  pure  ores  would  take  place  from  abroad  to  a 
large  extent  if  the  demand  should  become  so  great 
that  our  own  ore  did  not  supply  it.  But  probably 
we  shall  not  wait  for  that,  but  a  mode  will  be  found 
of  dealing  with  our  own  ores.  Indeed  1  believe  we 
can  do  so  already  to  some  extent,  in  addition  to  what 
is  generally  known  as  my  process. 

868.  You  have  hopes  of  overcoming  that  difficulty  ? 
—Tes,  I  have  strong  hopes  of  it,  and  certainly  if  I  do 
not  overcome  it  I  have  very  strong  hopes  that  other 
people  will.  It  will  not  be  long  Irafore  that  is  done, 
I  think. 

869..  {Chairman.)  I  believe  you  have  been  turning 
yonr  attention  to  the  production  of  high  temperatures? 
— ^Ihave. 

870.  Allow  me  to  aak  you  whether  you  have  made 
any  progress  in  tho  discovery  of  away  of  doing  it  at 
a  moderate  cost,  regarding  especially  the  future 
economy  of  coal  ? — The  bubjefit  -  to  whiofi  I  have 
been  lately  turning  my  attention,  and  to  which  you 
refer,  namely,  the  producing  of  high  temperature^  bfis 
reference  especially  to  where  excesaiyely  high  tem- 
peratures are  required.^  The  system  would  e£^t  no 
economy  of  fuel  wWe  comparatively  lo^.tempeifttures 
are  available,  but  where  excesaiv^y  j^h  tempenitnrea 
only  are  available  we  gain  a  great  de$l }  fcv  instancy 
the  ,A]sion  of  malleable  iron,  one  af  the  moe^  de^rable 
objects  connected  wiUi  iron  motallinny,  is  a^,  ppesent 
ao  difficult  that  we  hare  only  the '  old  costly  crucible 
Auoiwes  that  are  cftfaUe  of  nwltiog  pure  wrongbi 


iron,  and  even  there  it  ia  almost  impracticable  in  its. 
pure  state:  Steel  howero',  fiometimefl  made  by 
putting  charboal  iiitd  crucible  with  a  given  weight 
of  wrought  iron.  Thfe  caxhtm  is  absorbed  by  the  iron 
at  a  high  temperature,  »'hi(ih  becomes  steel,  and  then 
fusion  takes  place.  In  its  pure  state,  wholly  free  from 
carbon,  we  do  not  know  of  its  fusion  for  commercial 
purposes^  There  is  a  very  beautiful  system  which 
has  been  attempted  to  be  carried  out  by  Mr.  Siemens, 
in  conjunction  with  Mr.  Martin,  for  the  fusion  of 
wrought-iron  in  a  gas  furnace  in  a  bath  of  pig  iron. 
There  an  excessively  high  temperature  ia  required, 
and,  with  the  extreme  heat  he  is  capable  of  producing 
in  his  regenerative  gas  furnace,  it  requires  a  very 
l^ng  tiin^  the  wrought-iron  being  added  in  ^  red  hot 
state  from  time  to  time  in  small  quantities  as  the  rest 
of  the  chaise  melts. 

871.  {Mr.  Vivian.)  Does  that  apply  to  the  crop 
ends  of  your  rails  ? — ^Yes  ;  it  may  be  used  for  the 
purpose  of  melting  old  rails,  crop  ends  of  rails,  and 
steel  scrap  generally,  and  in  combination  with  any 
quantity  of  scrap  malleable  iron.  I  have  turned  my 
attention  to  the  production  of  high  temperature  based 
upon  this  principle,  that  wherever  we  have  ai^ 
gaseous  matter  heated  to  any  temperature,  and  con- 
sequently in  an  expanded  state,  if  we  bring  that 
gaseous  matter  back  to  a  state  of  condensation  we 
increase  our  temperature.  For  instance,  the  atmo- 
spheric air  to-day  may  bo  standing  at  60  degrees.  If 
wo  took  two  cubic  feet  of  it,  and  forced  th^  into 
one,  we  should  have  a  temperature  of  ISO  degrees, 
less  tiiat  amount  of  heat  which  is  absorbed  the 
contuning  vessel.  H  that  be  true  with  refereoce  to 
low  temperatures  like  that  of  the  atmosj^er^  as  a 
physical  fact,  it  is  also  true  with  reference  to  tiie 
high  temperature  and  the  gaseous  heat  of  our  furnaces. 
For  instimce,  if  we  were  to  take  the  gaseous  heat  of 
furnaces  at  3,000  degrees  Fahrenheit,  and  take  these 
gaseous  products  so  heated,  and  collapse  the  whole 
by  pressure,  and  make  them  only  occupy  one  half 
of  the  diameter  which  they  had  had  previously,  the 
whole  amount  of  the  heat  which  they  had  in  a  gaseous 
state  would  be  retained  in  the  smaller  compass.  And 
consequently  we  gain  by  the  production  of  this 
intense  heat  in  a  given  space  in  this  way  ;  if  we  had 
a  material  like  malleable  iron,  only  fusible  at  5,000 
degrees  Fahrenheit,  vre  might  keep  up  4,000  d^reee 
of  temperature  for  a  week  in  sncoession,  and  we 
should  not  have  produced  fusion ;  but  if  we  could 
suddenly  produce  a  temperature  of  6,000  degrees 
Fahrenheit  we  should  have  a  temperature  of  1,000 
degrees  above  the  fosing  point,  and  fusion  would 
take  place  almost  immediately.  Therefore  in  these 
two  cases,  though  we  have  produced  no  new  heat,  we 
have  so  modified  the  units  of  heat  already  produced 
by  pressure  as  to  have  achieved  in  a  very  short  time 
that  which  we  could  not  otherwise  have  achieved 
without  a  much  greater  body  of  fuel  in  the  ordinary 
way.  Looking  at  the  thing  in  that  vray,  I  determined 
to  construct  a  fomaoe  for  &e  purpose  of  ezperimenty 
and  though  it  is  at  the  present  mranent  cmj  in  aa 
experimental  state,  I  may  mention  one  or  two  &ets 
showing  what  it  is  likely  to  lead  to.  The  fnmaoe 
I  speak  of  is  a  small  one,  tiie  whole  of  it  not  occiqiyjDg 
a  space  of  two  cubic  yards.  When  it  was  heated  I 
introduoed  some  pieces  of  bar  iron  which  in  a  few 
minutes  were  fused.  I  then  introduoed  a  lai^r 
piece  of  bar  iron,  a  foot  in  length  by  two  inches 
square.  In  ordinary  furnaces  anch  a  luir  requires  10 
or  15  minQtes  to  gett  thoroughly  red  hot  through. 
We  found  that  this  piece  of  iron  which  was  intro- 
duced perfectly  cold  was  as  fluid  as  water  in  5^ 
minutea.  T^t  .was  working  with  a  compression 
equal  to  once  and  a  quarter  that  of  tile  .atmosf^ere; 
that  is  to  say,  the  pressure  of  the  gases  in  the  furnace, 
instead  of  being  slightly  Less  than  that  of  the  atmo- 
sphere, in  order  toj^oduce  A  draught,  was  increased 
by  ih»  gases  being  prevented  from  escapingfthe  aperture 
for  thoresof^  U'Om  a  furnace  (^titat  kind  being  only 
about  a  oob  hundred  and  fiitieth  of  that  of  t£e  fire 
grate,  and  in  that  case  the  {aeasoie  in  tiie  foraace  was. 
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from  18  to  20  lbs.  per  Bquare  inch,  varying  as  the  pro- 
cess went  on.  With  this  increase  of  pressure  we  had  an 
enormous  increase  of  temperature,  and  by  that  means 
the  piece  of  bar  iron  was  rapidly  Aised.  Wishing  to 
put  the  fbmace  to  a  further  test,  I  put  in  2  cwt.  of 
Bteel  scrap,  consisting  of  odd  pieces  of  my  own  cast- 
steeL  I  did  not  expect  so  rapid  an  action  as  we  had 
on  thd  first  occasion,  bo  we  tried  the  furnace  for  25 
minutes  before  opening  it  to  see  if  any  of  the  steel 
had  been  fused,  because  in  a  Sheffield  furnace  the  same 
matmal  wonid  hare  taken  from  3  to  3^  hours  in 
fusing.  At  the  end  of  the  25  minutes  the  whole  3 
cwt.  was  found  to  be  fluid.  How  long  it  really  took 
for  it  to  become  fluid  we  had  no  means  of  testing.  I 
therefore  proposed  to  put  the  furnace  to  a  still  more 
severe  test,  for  which  purpose  we  weighed  out  3  cwt. 
of  malleable  iron  scrap,  which  is  our  most  infusible 
iron  material.  The  charge  was  so  great  as  almost  to 
fill  up  the  furnace.    It  was  indeed  a  charge  much  too 

freat  to  be  reasonably  used  in  so  small  a  furnace,  and 
determined  on  tapping  it  to  see  if  any  fluid  was 
produced  at  the  end  of  15  minutes.  I  tapped  it  at 
the  end  of  15  minutes  accurately,  taken  by  the  watch, 
and  the  whole  of  the  3  cwt  of  malleable  iron  scrap 
eame  out  as  fluid  as  water.  It  was  quite  a  perfect 
fluid.  However,  the  opening  through  which  it  was 
poured  out  was  not  quite  perfectly  opened,  and  the 
resnlt  was  that  in  tapping  ^e  ^rnace  the  workmen 
managed  to  ponr  some  of  the  fluid  iron  into  the  blast 
pipes,  which  put  a  stop  to  our  operation  ;  and  as  I  was 
then  within  10  days  of  having  to  specify  a  patent 
connected  with  the  subject,  I  was  unable  for  the  time 
to  make  any  further  experiment.  I  am  now  com- 
mencii^  to  erect  another  furnace  in  which  we  hope 
to  produce  some  further,  comm^cial  results  in  the 
way  of  economising  fuel.  The  fusion  of  malleable  iron 
alone  is  almost  impracUcable  at  the  present  time.  In 
a  bath  of  ^  iron  we  .know' that  it  can  be  melted  or 
dissolved,  but  we  know  of  no  rapid  fu»on  of  malle- 
able iron  in  its  pure  state  in  a  few  minntes. 

872.  (Chairman.)  Tour  process  is  patented,  is  it 
not  ? — Yes. 

873-  I  presume  you  use  compressed  air  for  generat- 
ing your  heat  ? — Yes. 

874.  The  pressure  of  the  air  transmitting  itself 
subsequently  to  the  gases  ? — Yes  ;  in  fact  if  we  con- 
tract the  aperture  of  escape  so  that  the  blast  cannot 
get  thi'ough  without  arriving  at  a  ceii^n  pressure, 
although  this  pressure  gives  great  velocity  to  the 
air  we  can  so  conteact  die  escape  aperture  that  any 
assignable  pressure  can  be  given  to  the  gaseous 
products  of  combustion  within  uie  furnace. 

875.  The  fact  being,  that  the  amount  of  carbon 
from  which  yon  dmve  your  heat  you  are  supplying 
more  rapidly,  and  also  a  larger  quuidty  of  oxjgm  for 
its  combustion  It  is  not  so  mnch  a  matter  of 
the  quantity  of  oxygen  supplied,  but  it  depends  on 
the  simple  fact  that  all  heated  vapours  expand  in 
direct  proportion  to  their  increase  of  temperature, 
and  occupy  a  larger  space ;  they  thus  become  less 
intense.  If  we  shut  th^  up  into  a  smaller  bulk  we 
get  all  the  temperature  they  have  produced  in  a 
.  small  space  instead  of  a  large  one,  and  hence  we  get 
a  higher  decree  of  temperature.  Thus  you  will  see 
this  prind^.will  apply  to  all  those  cases  where 
an  excessive  t^perature  is  required,  but  not  to 
cases  such  as  generating  steam. 

876.  Yoni  process  would  not  be  iq^cable  to  the 
blast  furnace,  for  example? — Yes,  I  think  it  would  be 
«»plicalil6  to  the  blast  fumace ;  indeed  I  hope  in  a 
blast  furnace  to  e^ct  much  more  than  I  can  in  any 
other  way.  At  present^  as  you  are  aware,  we  are 
using  in  the  blast  fiimace  a  vast  deal  more  carbon 
than  is  required  to  deoxidise  the  ore,  and  fuse  its 
earthy  and  metallic  constituents,  inasmuch  as  a  vast 
quantity  of  the  fuel  is  flowing  away  in.the  form  of 
carbonic  oxide  gas,  which  we  attenapt  to  utilize,  and 
do  in  iact  utilize  to  a  certain  extent  afterwards.  .  Bnt 
I  think  by  this  system  of  pt^mre  we  shall  ^yoid 
altogetb^.  the  hot-blast  'stores,  and  the  fuel  they 
consume. 


877.  It  would  ¥»o  .  essential,  then;  tVt-Tnstead  of       B  63 
using  a  hot  blast  you  should  ubc  a  Very  cold  blast? —   JT.  .piiiiBwcj , 
We  might  use  a  blast  at  the  ordinary  temperature,  -B>ff* 
without  its  being  very  cold.    For  instance,  if  we  "*~- 
add  600  degrees  of  temperature  to  the  3,000  degrees  "  J"" 
present  in  an  ordinary  blast  fumace  in  consequence 

of  using  hot  air,  by  using  C(dd  air  with  pressure  we 
double  the  3 ,000  degrees,  and  get  6,000  degrees  of 
temperature.  Therefore  it  is  not  worth  while  to  go 
out  of  our  way  to  consume  the  gases  for  the  sake  of 
600  degrees  of  heaf^  and  hence  we  shall  save  a  very 
great  deal  of  fuel  in  that  direction. 

878.  {Mr,  Vivian.)  You  must  have  a  deoxidizing 
atmosphere  ? — Yes. 

879.  You  must  also  have  such  a  temperature 
created  at  your  melting  point  as  is  necessary  to  cause 
a  chemical  reaction  to  occur  between  carbonic  oxide 
and  oxide  of  iron  ? — ^Yes. 

880.  Thea  I  suppose  you  assume  that  by  causing 
greater  pressure  to  arise  in  your  blast  fumace  you 
will  attain  that  melting  point  witih  less  oxidation  of 
fuel  ? — Yes, 

881.  Consequently  you  would  blow  lees  air  into 
your  fnmace,  but  at  a  higher  pressure  ? — Yes  ;  and 
I  should  retain  it  at  a  high  pressure.  To  blow  it  in  at 
a  high  pressure,  and  allow  it  to  expand,  wonld  be  to 
{voduce  no  more  heat. 

882.  Therefore  you  would  retain  it  at  a  high 
pressure? — Yes;  and  then!  should  get  the  high 
l^peratnre  I  require  without  having  consnmed  so 
mudi  fuel  to  do  it. 

883.  Is  it  the  fact  that  more  carbonic  oxide  is 
produced  in  blast  furnaces  than  is  require4  for  the 
reduction  of  the  oxide  of  iton  ? — Yes ;  because  you 
see  we  are  burning  the  carbonie  oxide  afterwards. 
If  we  had  a  true  economy  we  should  so  utilize  it  that 
at  last  it  wonld  come  out  as  carbonic  acid.  X  do  not 
think  we  can  quite  arrive  at  that  point;  but  where  I 
expect  to  gain  a  good  deal  is  this  i — at  the  first 
entrance  into  the  fiirnace  we  produce  the  great  teni- 
peratore  which  is  necessary  for  fusion,  and  here  we 
produce  carbonic  acid  gas.  Immediately  this  car- 
bonic acid  begins  to  ascend  it  is  enriched  by  the 
carbon,  and  becomes  cai'bonic  oxide,  and  in  that 
condition  it  is  capable  of  deoxidizing  the  ore,  but  w.e 
have  so  great  a  flow  of  this  carbonic  oxide  that  there 
is  more  than  enough  to  deoxidize  the  ore,  and  some 
of  it  flows  off,  as  you  are  aware..  What  I  want  to  do 
is  to  make  all  that  carbonic,  acid  which  ascends 
usefuL  For  that  purpose  I  propose  to  let  out  from 
the  blast  furnace,  say  one  half  of  the  carbonic  acid. 
Supposing  one  half  of  the  carbonic  acid  gww^ted.by 
combustion  is  allowed,  to  escape  at  a  low  level' througn 
suitable  openings,  and  half  of  the  cvbonio  add 
would  remain  to  ascend  right  through  the  materials 
above,  it  will  be  much  easier  to  saturate  with 
carbon  one  half  of  tlxe  carbonic  acid  gas  than  to 
saturate  double  that  quantity.  Hence,  at  the  very 
earliest  period  of  its  ascent,  we  should  be  forming 
carbonic  oxide.  We  should  be  getting  it  indeed 
sooner  than  if  we  allowed  aH  the  carbonic  acid  to 
ascend  in  contact  with  a  given  surface  of  coke  in  the 
furnace.  The  whole  of  the  materials  above  would  be 
immersed  in  this  flow  of  carbonic  oxide.  It  does  not 
matter  that  we  have  it  flowing  at  a  slower  speed  ;  if 
we  were  to  double  or  treble  the  present  speed  the 
action  would  be  no  more  rapid  upon  the  surface  of  a 
lump  of  ore  thtm  at  present  If  it  is  always  kept  at 
the  required  temperature  it  matters  not  how  fast  the 
gas  is  flowing  past  it.  Therefore  by  letting  so  much 
carbonic  acid  ascend  through  the  fumace  we  are 
merely  wasting  the  fuel  it  takes  up ;  whereas  by 
having  only  h^  of  it  to  act  upon  the  ore  we  save  uX 
that  quantity  of  carbon  which  would  have  been 
taken  up  by  that  portion  of  th§  carbonic  acid  which 
escapes,  and  which  yrould  have  been  converted  into 
carbonic  oxide  if  it  had  be^n  allowed  to  escape -.at  the 
top  of  the>.  fumacC' 

.  884.  What  do  ypu  propose  to  do  with  the  carbonic 
acid  which  esctqns  from  the  lower  portion  of  the 
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B64      furnace  ? — To  ntilize  it  as  one  of  the  heated  gases 

H.  AaeMT,  going  off,  but  not  as  a  combuatible. 

885,  Ton  would  utilize  it  because  otherwise  you 

17  June  IBM,  would  lose  the  heat  of  it  ? — Yes. 
^.^^^^^^  '  886.  And  you  think  that  that  nice  distinction  can 
be  drawn  in  a  furnace  ? — I  think  so,  because  we  can 
precisely  measure  the  quantity  that  comes  out  by  a 
restriction  of  the  ap^ture.  In  the  case  of  the  fur- 
nace I  have  been  speaking  of,  we  have  a  merenrial 
gauge  which  shows  us  the  pressure ;  and  we  can  make 
*  the  most  minute  alterations  in  the  sise  of  the  escape 

aperture  by  the  insertion  of  a  cone ;  a  common  valve 
would  not  do,  but  a  fire-clay  cone,  entering  the  aper- 
ture but  not  touching  it  It  constitutes  a  perfect 
vidve.  By  the  application  of  pressure  the  cone  can 
be  made  to  go  fnrUier  in  or  out,  and  we  can  regulate 
the  pressure  as  we  like  in  that  way.  "We  could 
r^uUte  the  outflow  from  a  blast  furnace  from  nil 
to  the  whole  production  of  gases. 

887*  Have  yon  at  all  investigated  the  question  of 
the  excess  of  carbonic  oxide  issuing  fVom  a  blast 
Asmace  beyond  that  wltich  is  necessary  for  the  reduc- 
tioa  of  the  ore  ? — Taking  the  theoretical  quantity  of 
carbon  required  to  deoxidise  ore,  and  to  produce  the 
heat  necessary  fiar  fusion,  we  find  that  the  quantity 
really  consumed  in  practice  is  very  much  above 
what  is  required. 

888.  By  how  much  ?— Certainly  from  50  to  70  per 
cent  above  it 

889.  Then,  supposing  your  process  could  be  per- 
fectly carried  out,  you  would  realize  that  economy  ? 
— Yes }  probably  in  practice  one  half  of  that  is 
capable  of  being  economized.  I  should  think  it 
was  so. 

890.  {Chairman.)  Then  with  what  yon  have  done 
and  with  what  pron  hope  to  do  we  may  look  forward 
to  a  very  considerable  economy  in  our  iron  manu- 
facture ? — I  think  this  will  lead  to  it,  and  I  think 
these  ideas,  as  soon  as  they  are  promulgated,  acting 
upon  other  minds  which  are  also  bent  npon  these 
subjects^  wUl,  within  a  very  short  time,  lead  us  to 
a  very  coiisiderable  ecoiuHmy  in  the  manufacture  of 
iron.  We  can  now  fuse  malleable  iron  with  great 
rapidity,  without  employing  a  bath  of  pig  iron  to 
assist  its  fusion.  We  can  take  out  the  phosphorus 
from  the  iron  to  a  great  extent  by  puddling,  and 
therefore  it  would  become  almost  a  sort  of  prelimi- 
nary to  this  process  of  making  steel.  Probably  we 
may  find,  if  hematite  ore  runs  ^ort,  that  we  can  use 
puddled  iron,  with  such  a  quantity  of  carburized  iron 
with  it  as  is  necessary  to  constitute  steel. 

891.  Have  you  made  any  experiments  with  the 
nitrate  of  soda  process  to  exclude  phosphorng  ? — "Noy 
I  have  not 

892.  (3fr.  2>ickin$on,)  Is  the  hematite  the  only 
ore  that  can  be  used  for  your  process  ?— That  is  til 
that  is  avulable  in  this  country.  We  have  a  little 
spathose  ore,  which  is  very  scaroe*  bat  the  hematite 
is  the  only  ore  we  can  depend  on  bi  this  country. 

893.  You  cannot  fuse  the  best  iron  stones  ? — ^No ; 
they  all  contain  phosphorus. 

894.  (Mr.  Vivian.)  That  applies  to  all  the  oolite 
ores  ? — ^Yes. 

895.  (Mr.  Dickiruon.)  And  the  black  band  ?— Yes. 

896.  (Mr.  Vivian.)  You  are  acquainted  with 
Mr.  Siemens*  process  ? — Yes. 

897.  Would  that  be  applicable  to  the  generation 
of  beat  in  a  pressure  furnace  such  as  yon  have  been 
describing? — Certainly.  I  apply  my  principle  of 
pressure  to  Mr.  Siemens*  furnace  as  well  as  to  any 
other.  Whatever  is  the  source  of  combustion,  in- 
clnding  fluid  hydro-carbons  or  solid  carbonaceous 
matters,  the  mere  fact  of  the  retention  of  the  furnace 
nnder  a  conraderable  pressure  increases  the  tempe- 
rature in  all  cases  ;  and  whonver  a  veiy  high  tem- 
perature is  necesBuy  I  take  it  that  this  would  be  a 
very  simple  and  at  the  same  time  a  very  economical 
mode  of  producing  this  excessive  temperature. 

898.  Would  the  gases  issuing  from  that  small 
aperture  of  which  you  have  spoken  be  capable  of 
heating  the  r^oierator  to  the  extent  required  ? — 


Certainly  ;  because  in  expanding  ag^n  from  the 
aperture  they  come  down  to  their  ordinary  tempera- 
ture, that  is  to  say,  the  temperature  they  would  have 
produced  under  no  pressure,  less  that  which  has  been 
absorbed  by  the  material  to  be  fused. 

^9.  You  would  have  to  put  those  gases  under 
pressure  at  some  point  ? — Yes. 

900.  Would  yon  put  them  under  pressure  previous 
to  entermg  the  gas  furnace  and  producer,  or  subse- 
quent to  that  ? — I  do  not  think  it  much  matters.  Yon 
can  check  the  gases  at  any  moment  Yon  can  check 
it  at  the  top  of  the  chimney,  if  dedred,  our  chimney, 
for  this  purpose,  being  simfily  a  pip^  four-inch  dia- 
meter inside  the  lining. 

901.  Would  the  pressure  be  put  upon  the  air  before 
the  gas  is  generated,  or  on  to  the  gas  subsequent  to 
its  generation  ? — On  to  the  lur  before  the  gas  is 
generated. 

902.  Would  there  be  any  difficulty  with  regard  to 
the  fire-bars  ? — No,  I  think  not  All  would  depend 
upon  there  being  a  continuous  supply  of  air.  If  yon 
checked  the  fiimace  for  some  time  you  would  begin 
to  heat  your  fire-bars  and  destroy  them,  but  so  long 
as  the  air  goes  through  it  makes  no  difference  becanse 
the  i^r  under  compression  in  the  ash-pit  is  simply 
atmospheric  air  under  compression.  I  may  mention, 
that  in  this  excessive  temperature  our  limit  becomes 
only  the  limit  of  the  material  which  constitutes  the 
lining  of  the  furnace.  That  at  first  presented  great 
difiiculties.  Pure  silica  and  some  of  the  more  refrac- 
tory eart:hs  seem  to  be  the  only  materials  at  our 
command,  but  I  have  found  that  I  can  obtain  the 
object  by  putting  in  a  thin  lining  of  ground  silicious 
stone.  I  have  to  use  a  half-indi  metal  case,  which 
constitutes  the  shell  of  the  farnace.  I  leave  an  inter- 
stice of  an  inch  and  a  half  between  this  shell  and  a 
pattern  or  case  of  wood  used  to  give  shape  to  the 
interior  of  the  furnace.  I  ram  ground  silicious  stone 
into  the  intervening  space ;  and  to  obtain  a  thin 
fifan  or  lining  to  tJie  inmaee  it  is  made  very  thin,  in 
order  to  prevent  its  ever  arriviilK  at  the  fuBing  point 
In  the  case  of  gaonister,  an  inch  and  a  hidf  lining  is 
inAisible,  I  imagine,  at  almost  any  temperature  we 
can  get^  simply  because  of  the  rapidity  with  which 
heat  is  conducted  through  it  into  the  outer  plate  or 
shell  of  the  furnace,  which  is  kept  cold  by  the  circu- 
lation of  water  in  a  jacket  which  surrounds  it,  the 
cooling  effect  of  which  is  such  that  the  internal  parts 
of  the  silicious  or  gannister  lining  never  arrives  at 
the  fusing  point  of  that  material. 

903. 1  do  not  understand  this.  The  gannister  being 
kept  in  a  pounded  state  would  flow  out  of  any  orifice, 
so  that  if  yon  took  out  the  lining  which  supprated 
the  gannister  or  inside  lining  l£e  gannister  would 
flow  out  of  diat  lining  into  the  furnace  ? — No  ;  that 
does  not  happen,  because  the  ground  gannister  is 
damped  before  it  is  rammed  in  place^  and  becomes 
hardened  in  to  a  stoney  mass  by  heat,  and  the  great 
pressure  inride  the  gannister  lining  always  keeps  it 
in  contact  with  the  c£eU  of  the  fumac^  and  prevents 
it  falling  away. 

904.  Do  you  put  an  inside  lining  of  fire  clay  ? — ^No; 
it  is  simply  a  gannister  lining  and  a  cold  iron  sheU. 

905.  Wliat  is  there  inside  that  again  ?— N'othing 
but  the  fuel  and  the  material  to  be  melted. 

906.  What  keeps  the  gannister  up  before  you  com- 
mence your  operation  ? — ^It  is  all  rammed  in  in  a  moist 
state,  and  if  yon  make  the  fire  rapidly  in  it  the  inside 
will  harden,  and  begin  to  cake  and  form  a  solid  mass 
immediately. 

907.  But  if  it  is  rammed  it  must  be  rammed  between 
two  surfaces  ? — Just  so ;  but  the  model  is  taken  to 
pieces,  and  is  removed  ;  it  simj^y  forms  a  mould. 

908.  The  gannisto:  is  pure  eilicioua  stone  pounded  ? 
—Tea. 

909.  Is  it  merely  moistened?  —  It  ia  merely 
moistened  with  water. 

910.  You  put  nothing  with  it  ? — We  put  nothing 
with  it  generally,  although  in  some  cases  we  have  put 
a  small  quantity  of  fireclay  with  it  but  we  find  it 
preferable  to  use  it  ahme.   It  we  dried  it  Tery  shnrly 
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it  would  Mi  hj  its  own  weight ;  bat  our  practice  is  to 
ram  it  as  wet  as  we  can,  and  blow  up  we  fire  with 

great  rapidi^,  eo  that  in  fact  we  begin  to  make  it  red 
hot  on  one  Bur&ee  before  we  have  dried  it  on  the 
other. 

911.  How  many  charges  have  you  found  that  a 
furnace  of  that  kind  will  stand  ? — In  our  converting 
process  we  have  gone  up  to  300  charges  with  one 
lining.    The  best  firebnck  beibre  would  not  last 


more  than  tbree  changes.  Gannister  is  exxsmavQly 
refractory. 

912.  Have  you  ever  used  firebrick  made  of  gannis- 
ter on  the  principle  of  the  Dinas  brick  ? — No  ;  but  I 
believe  it  will  not  suipass  the  gannister,  which  is  the 
best  material  that  could  be  used  ;  it  is  certainly  better 
than  clay,  because  the  clay  dissolves  in  the  oxides  of 
iron  so  rapidly. 
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The  witmesB  withdrew. 


Walter  Wixxjlams,  Esq,,  West  Bromwich,  examined. 


913.  {Chairman^  You  are  an  ironmaster  in  South 
Stafibrdshire  ? — I  am. 

914.  And  the  chairman  of  the  Mining  Association 
of  Great  Britain,  I  believe  ? — I  am. 

916.  You  will  therefore,  from  your  experience  in 
coimezion  with  the  iron  manufacture  and  irom  your 
knowledge  generally  <^  the  coal  trad^  be  prepared, 
I  expect,  to  give  us  some  injbrmation  as  to  the  pro- 
bable economy  in  future  of  coal  either  in  your  own 
district  or  in  any  other  e — am  a&aid,  after  the 
evidence  of  Mr.  Bessemer,  the  little  evidence  that  I 
can  give  will  be  almost  valueless.  I  do  think  that 
there  will  be  very  great  economy  in  the  use  of  coal 
eventually. 

916.  Do  yoo  look  forward  to  it  as  arising  from  any 
alteration  in  your  furnaces  or  otherwise  in  your  own 
disUict  with  r^ard  to  the  manufacture  of  iron  more 
especially  ? — I  look  forward  to  the  use  of  coal  in  the 
manufacture  of  iron  being  more  employed  in  the 
shape  of  gas  than  it  has  been. 

917.  By  Mr.  Siemens'  process? — Not  necessarily. 
I  think  tluht  after  a  time  we  shall  be  able  to  manu- 
facture iron  with  gas,  and  particularly  in  the  direc- 
tim  that  Mr.  Bessemer  has  now  been  indicating.  It 
is  an  old  theory  of  mine  that  what  ;he  has  been  now 
dedaring  as  the  suliject  of  a  patent  is  an  improve- 
ment that  must  ultimately  take  place. 

918.  At  your  own  works  you  are  using,  I  think, 
the  coal  of  your  own  district  entirely  in  the  produc- 
tion of  iron,  without  taking  the  gas  from  the  top  of 
the  furnaces  ?— That  is  at  the  cold  blast  furnaces. 

919.  I  think  you  are  gradually  introducing  into 
the  South  Staffordshire  district  the  ^stem  of  taking 
the  gases  from  the  furnaces  ? — ^At  almost  all  the  hot 
blast  furnaces  it  is  introduced  now. 

920.  With  very  considerable  economy,  as  I  nnder- 
stiuid  ? — With  very  considerable  ecmomy. 

921.  I  waa  infiirmed  at  one  of  the  works  that  I 
visited  in  South  Staffin-dshire,  where  there  were  two 
Aunaeea  in  blaslv  that  \rj  taking  the  gases  from  the 
fiiniacee  a  great  economy,  something  approaching  to 
10  boatloads  of  slack  per  week,  was  effected ;  can 
you  corroborate  that  ? — ^Tbey  might  effect  entire 
saving  of  what  they  consume  for  prorlucing  steam, 
whether  it  was  10  boatloads  or  20,  by  employing 
the  gas  they  produced  in  their  fhxiiaces  according 
to  their  capacity. 

922.  Would  it  amount  to  so  lai^  a  quantity  as  that 
do  you  think  ? — I  cannot  tell  without  knowing  the 
place  where  it  was  at.  Ten  boatloads  is  a  large 
quantity,  rein^senting  nearly  300  statute  tons. 

928.  Do  yon  see  any  processes  being  carried  out 
mwe  especially  in  the  Stafibrdshire  distiict  leading  to 
economy  in  other  directions  in  the  muiufikctnre  of 
irom? — We  have  not  carried  out  any  yerj  great 
amount  of  eotmomy  in  Stuffinidshire  so  far.  I  am 
speaking  rdatively  eonrs^  because  the  apfdioation 
of  gas,  I  mean  waste  heat,  to  generating  steam  is 
well  known,  and  I  do  not  look  upon  that  as  a  new 
economy.  I  consider  now  that  economy  is  pn^es- 
sing.  We  are  all  studying  how  to  ecomomize  fuel. 
At  present  we  have  not  made  any  very  great  strides 
because  we  are  regulated  by  the  commercial  results 
of  our  transactions,  which  latt^y  have  been  unsatis- 
factory, and  that  has  indisposed  us  to  invest  any 
d^tu  with  the  view  of  making  further  economy  by 
the  investment  of  further  cap^ ;  but  I  beliere  in 
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time  we  shall  be  compelled  to  increase  our  outlay  with 
the  view  of  increasing  our  economy. 

924.  There  has  l»en  hitherto,  I  take  it,  a  very 
considerable  amount  of  waste  in  the  use  of  the  South 
Staffbrddire  coal.  Are  they  not  now  introducing 
processes  for  separating  the  bats  from  the  coal,  and 
thereby  producing  a  better  material  and  effecting  a 
conuderable  economy  in  that  direction  ? — It  is  at- 
tempted in  a  few  instances,  but  the  value  of  the  coal 
regulates  the  amount  of  labour  which  they  bestow 
upon  it.  Coal  wiUi  a  considerable  amount  of  earthy 
matter  in  it  is  at  present  consumed  because  we  can 
get  it  cheap,  and  we  throw  away  a  comparatively 
large  amount  of  fuel  in  order  that  we  may  consume 
the  coal  with  the  eaiihy  matter  rather  than  go  to  the 
expense  of  disposing  of  that  earthy  matter  and 
getting  pure  coal. 

925.  That  is  to  say,  it  is  cheaper  to  bum  the  shale 
and  coal  combined  than  to  separate  the  shale  from  the 
coal  and  bum  the  coal  separately  ? — That  is  my 
opinion. 

926*  Have  you  seen  anything  of  Mr.  Homfray's 
process  fcsr  separating  the  bats  from  the  cMil  as  in 
operaticm  at  the  New  British  Iron  Company's  Works? 
— No,  I  have  not  seen  it  in  operation. 

927.  Or  his  process  of  coking  the  Soutti  Staflbrd- 
shire  coal  without  any  admixture  of  Welsh  coal  ?— 
No,  I  have  not  seen  it. 

928.  We  have  a  communication  from  him  in  which 
he  states  that  he  is  carrying  it  out  with  considerable 
success  ;  the  process  being,  I  might  state,  to  take  the 
slack  of  the  South  Staffordshire  coal  and  ram  it  into 
an  ii-on  cylinder,  in  which  it  is  subjected  to  a  process 
of  coking.  The  coke  appears  exceedingly  good  as  it 
is  being  produced,  but  of  course  the  question,  as  I 
take  it  and  as  I  would  submit  it  to  you,  would  be 
as  to  the  cost  of  production  involved  iu  the  mechanical 
labour  of  ramming  the  iron  cylinder  and  putting  this 
in  the  cokmg  oven  ? — I  am  afridd  that  the  amount  of 
labour  will  destroy  the  usefulness  of  it,  beomse  at 
present  we  are  obliged  to  avail  ourselves  of  the 
cheapest  possible  methods  of  getdng  our  coal  and 
coke  and  tJien  using  them.  I  think  you  did  not  men- 
tion that  Mr.  Homfray  washes  his  slack. 

929.  He  washes  the  slack.— That  is  in  itself  an 
expensive  process.  First  of  all  we  must  have  engine 
power  for  the  wator,  then  a  water  supply,  and  then 
an  immense  amount  of  labour.  I  am  afraid  the  labour 
part  will  kill  the  thing. 

930.  Therefore  you  still  think  that  at  present  it  is 
more  economical  to  use  the  coal  and  slack  as  you  get 
it  than  to  subject  it  to  any  of  these  processes  by 
which  it  is  cleaned,  and  you  get  a  purer  carbon  for 
combustion  ? — I  think  so,  owing  to  the  fact  of  iron 
tidung  something  like  90  per  cent,  in  labow  ;  we 
cannot  affi>rd  to  spend  more  in  labour  unless  we  get 
an  economy  somewhere  else. 

981.  {Mr,  Dieiinson.)  At  the  New  British  Iron 
Company's  Bnabou  Works  they  are  washing  coal 
without  engine  power  by  causing  the  water  to  flow 
down  the  troi^hs  by  gravity  ? — I  imagine  you  must 
get  water  up  before  it  will  run  down. 

932.  You  have  to  pump  the  water,  but  wheie  there 
is  a  natural  flow  of  water  it  may  be  used  without  en- 
gine power  ? — ^I  am  afraid  that  the  natural  flow  of 
water  in  Staffbidshire  is  down  into  the  mines. 

938.  (Gftammm.)  At  the  colliery  I  spoke  of  they 

8 


Eaq. 
17  June  1869. 


Digitized  by 


Google 


278 


ON  -bOMBiriSTION. 


B66 

Etq, 
Jmw  1B69. 


have  the  happy  fact  of  haviog  a  natural  reservoir  30 
feet  above  the  dressing  floors'  where  they  'are  wash- 
ing the  coal. — Where  do  tibffjr  get  the  water  from,  is 
it  from  a  brook  ? 

934.  I  believe  sc.— The  works  at  Comgreavee  are 
situated  upon  the  river  Stour,  and  therefore  they  do 
get  water  ;  but  looking  to  our  works  and  many  others 
mtnated  on  the  sununit  of  a  hill,  at  any  rate  above  the 
canal,  we  should  have  to  pump  every  diYip  of  water 
we  got.  ■  i 

935.  In  the  process,  as  I  saw  it  at  fhis  colliery, 
water  was  not  required.  The  process  of  separating 
the  bats  from  the  coal  was  efiected  by  simply  allowing 
the  coal  to  flow  over  an  inclined  plane  in  which  there 
were  interruptions,  and  owing  to  the  different  rates  at 
which  the  cc»I  and  bats  would  travel  the  coal  passed 
over  the  openings  in  the  inclined  plane,  but  the  bats 
fell  thi'ongh.  That  appears  to  be  a  simple  process  by 
which  the  separation  wjis  effected  without  involving 
the  cost  of  washing  or  anything  but  the  mere  erec- 
tion of  this  inclined  plane  with  breaks  of  continuity  ? 
—That  is  always  supposing  that  the  earthy  matter, 
die  shale,  is  separated  from  the  coal. 

986.  Yes,  and  I  dionld  mention  that  where  the 
coal  and  shale  are  united,  where  they  have  not  been 
separated,  they  fall  through  together,  but  still  It  is 
found  at  the  bottom  of  the  inclined  plane  that  the 
separation  has  to  a  certain  extent  been  effected  ;  and 
as  Mr.  Hunt,  at  the  New  British  Iron  Company's 
works,  himself  informed  me,  they  consider  Mr.  Hom- 
fray*s  process  a  most  useful  and  valuable  one  to  them, 
and  they  are  using  coal  at  the  Comgreaves  Works  which 
they  could  not  use  before  the  introduction  of  that 
process  ? — I  think  they  are  in  a  very  happy  position 
at  the  New  British  Iron  Works,  because  they  have 
the  thick  coal  almost  entirely  to  work,  bat  from  my 
experience  I  would  say  that  for  some  ot  the  coal  yon 
saw  in  my  place  that  process  only  would  not  be  of 
much  value,  seeing  that  the  shale  forms  30  per  cent, 
of  the  coal  used. 

937.  I  was  rather  thinking,  with  reference  to  the 
coal  you  showed  me,  whether  by  a  process  of  this 
kind  a  very  large  proportion  of  the  shale  would  not  be 
separafed  from  the  coal  ? — At  present  we  find  it  more 
economical  to  use  them  together  than  to  separate 
them,  otherwise  we  should  be  obliged  to  waste  a  good 
deal  of  coal,  because  the  labour  is  too  expensive  to 
separate  the  coal  from  the  shale ;  that,  of  course, 
in  some  degi-ee  accounts  for  the  black  nature  of  the 
country.  We  are  obliged  to  burn  a  large  amount  of 
earthy  matter,  and  to  consume  Hiat  we  must  have 
larger  chimneys  and  larger  means  of  draught  than  we 
other  wise  should  if  the  coal  was  purer  end  better. 

938.  Then  arises  another  question,  which  of  course 
you  have  entertained,  as  to  whether  you  would  not 
have  a  very  largely  increased  economy  in  the  produc- 
tion of  steam,  supposing  you  had  your  coal  freer  from 
shale  than  you  are  now  using  it  ? — Wo  should  have 
an  economy  in  the  quanti^  of  coal  used,  because  we 
should  not  have  the  sune  amount  of  smoke  given  off ; 
but  I  do  not  know  that  we  shoiild  have  an  economy 
in  the  production  of  steam. 

939.  Surely  carbon  would  raise  more  heat  than  the 
silicate  of  ammonia,  which  is  mainly  your  shale  ? — 
True ;  hut  we  have  not  got  pure  combustion.  Some 
experiments  are  beiag  made  in  Staffordshire  now  with 
the  view  of  trying  to  get  a  better  combustion,  espe- 
cially by  the  introduction  of  air  all  round  tbe  Arc- 
place.  That  seems  to  be  of  some  value,  but  I  am 
not  able  to  give  the  results  at  present. 

940.  !|4,  South  Staff<Nrdshire  yon  have  evidences  of 
than  b^Dg  a  strong  desire  to  economize  fuel  in  all 
your  vAriouB  processea. :of  manufacture,  I  think? — 
Undoubtedly.  '  ,  ,  ' 

941.  The-- IbnH^DCy  is  in  tiiat  direction,  and  neces- 
sarily, I  take  it,  must  b&  hiithat  direction,  seeing  that 
there  is'  ant  increased,  sdthoTigh  not  largely  increased, 
cost  in  tbe  production  o£  /coal  i^Tes ;  at  the  present 
moment  we  may  in  s(Hne  measure  be  wasteful,  because 
we  work  coounon  oooL  The  wages  are  low ;  that 


enables  us  to  work'  thefee  'common  coals;'  whiclt  we 
should  not  work  at  all  if  the  Wa^s  tvere  high. 

942.  {Mr.  Geddes.y  Does  tliis  i»bjecti6n  to  the  coal 
apply  to  all  the  seams  there  are  in  your  district  ?— 
No,  the  best  seams  are  chiefly  worked  out. 

948.  Are  you  ever  reduced  m"  that  district  to  these 
less  valuable  coals  ?— Jfo^  We  ate  not  entirely  reduced, 
but  we  are  nowworkihg,  fi^r  econolny's  take,  some  of 
the  commoner  measureis. 
"344:'l>6es  not  that  raise  the  questitm  wheflier  you 
should  not  look  to  the  idea  of  purchasing  coals  from 
your  more  fortunate  nei^hours,  because  if  you  are 
throwing  awaj^  ^O  per  cent  of  this  material,  for  which 
you  must  pay  something,  it  goes  a  long  way  to  bring 
the  price  up  to  that  of  better  qualities? — We  pay  so 
much  for  labour  for  raisii^  a  ton,  66  per  ctot.  only 
of  which  is  serviceable. 

945.  Then  you  are  paymg-for  the  30  per  cent,  of 
waste,  because  it  is  so  much  a  ton,  and  ih  a  ton  there 
is  30  per  cent,  useless? — True;  but  if  we  get  a 80 
per  cent,  advantage  in  price  we  are  gainers. 

946.  It  does  not  appear  to  me  very  obviouB  how 
the  30  per  cent  advantage  in  price  can  come  if  yon 
throw  away  80  per  cent,  in  material.  Supposing  your 
price  was  5s,  per  ton,  30  per  cent  of  that  would  be 
thrown  away  and  osetoss  j  would  it  not  be  better  to 
apjdy  that  30  per  cent,  in  the  direction  of  getting 
coal  of  better  quality,  of  which  you  would  use  less  in 
the  monn&cture  ? — It  oan  hardly  be  imi^ned  that 
we  do  not  try  to  work  upon  the  most  economical 
principle. 

.947.  I  suppose  ywi  do  ail  you  can  in  that  directifHi? 
—Yes  ;  for  instance,  when  you  work  these  common 
coals  it  is  simply  because  it  is  part  of  &g  property 
you  have  paid  for,  and  because  they  may  bo  worked 
in  conjunction  with  other  sewns.  I  am  allu^ng  to  a 
seam  which  I  showed  to  the  chairman,  whidi  u  not 
generally  worked  in  Stafibrdsfaire.  It  is  a  qiiestion 
whethw  it  is  or  is  not  a  workable  seam. '  It  is  wofked 
at  a  waste  of  30  per  cent,  and  though  them  is  diis 
waste  of  30  per  cent  it  is  worked  at  a  gr«u«f  eco- 
nomy than  if  we  used  a  better  seam. 

948.  With  reference  to  the  water  about  which  yon 
spoke,  do  I  understand  that  you  have  no  water  avail- 
able in  the  district  except  what  you  puinp  fnnn  the 
mines  ? — There  is  a  ca^,  but  the  canal  company 
want  all  their  water,  and  what  we  pump  fnm  the 
mines  goes  into  it.  The  brooks  are  generally  at  a 
lower  level  than  the  country,  especially  where  the 
mines  have  been  worked.  .  _  . 

949.  Cannot  you  meJce  your  water  available  for  ithe 
washing  rather  than  give  it  to  the  canals  ?•— Hieu  the 
canals  would  not  give  us  the  water  for  worldi^  aar 
engines.  . .  - 

950.  {Mr.  Vivian.)  What  is  the  cause  of  tbe  30 
per  cent  waste  in  that  particular  seam  of  i^eh  yot( 
spoke  ? — It  is  batty  eartiiy  matter. 

951.  Is  it  BO  mixed  with  the  coal  ss  to  be  insepa- 
rable  Yes. 

952.  I  suppose  the  66  per  cent,  or  whtotever  the 
percentage  is,  of  coal  comes  out  at<  such  a  prioct'that 
it  costs  you  less  than  you  could  purchaee  superior  coa) 
fijr,  does  it  not  ?— Undoubtedly. 

953.  Consequently  in  StafM^hire  yoa  ai«.  in  tiif 
condition  in  !wfiiG3i  many-ooalfields  mar  be  a  good 
many  years  hence,  oCwM-king  seams  iduoh  y<(at  ^bre- 
&thOTa  have  neglected  while  they  were  worki^  the 
best? — Yes;  I  do  not  fspeak-of  itfais  being-  the  usual 
rule  in  Staffi>rdshire ;  I  am  mereljBpeaking  o£  a  givm 
instance. 

964.  HaveyoneiqeictunudTmuratttntiimtowAsb'' 
ing  the  cinders  failing  -throogh  the '  gfiates  of  ybnr 
furnaces  ;  I  meas  the  puddling:  «ad:  other  rewbe.^ 
ratory  furnaces  ?<.^No.' 

955.  A  liorge  prqportion  of  unoiAsnmed  coiU  does 
&11  thvoigb'the  grates,  dsies  it  odt  ?-«-Ye8,  ft  is  gleads 
and  ashes.' 

966.  le  that  washing  extcnsirely  dfme  In  SttSM- 
^re  Iu«Yefl,  for  smitiis*  fim.  ^ 

957.  Do  you  for  4^  most  port'  wash  the  aahee 
<^i|aing  from  jour  rererbeiatwy  funiaces?*>GenenUy. 
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958.  So  that  no  economy  is  to  be  looked  in  that 
direction  ? — "Not  much. 

959.  Do  you  use  large  coal  in  your  reverberatory 
fumacea  generally  ? — Yes;  we  use  it  mixed. 

960.  Large  and  small  ?— Yes. 

961.  Through  and  through  as  it  cornea  from  the 
mine  7 — ^No,  l£e  alack  is  taken  out  from  it, 

962.  What  beeomes  of  the  slack?— It  is  used  for 
generating  steam  for  burning  in  the  mine,  and  for 
caldninfT. 

963.  Tou  have  geoei'ally  only  one  class  of  coal  I 
think  in  Staffordshire,  namely,  bituminous  coal ;  you 
have  no  coal  such  as  we  have  in  Walee^  of  a  ii'ee  boru- 
ing  character  ? — No,  none. 

964.  Have  you  ever  turned  your  attention  to  the 
depth  of  the  grate  of  a  furnace  r — ^Not  with  a  view  to 
economy. 

965.  A  large  economy  can  be  realized  if  the  depth 
of  the  grate  is  not  in  accordance  with  the  peculiar 
character  of  the  coal,  I  think  ? — Generally  speaking 
our  grates  are  very  deep  for  their  purposes. 

966.  You  haTO  never  attempted  to  use  shallower 
grates  ? — ^We  have  not  found  any  advantage  Id  using 
shallower  grates.  ; 

967.  Have,  you  tried  it  ?— Yea. 

968.  We  have  realized  a  votv  considerable  saving 
by  substituting  shallow  gn^tes  for  deep  grates,  and  I 
was  anxious  to  kvow  whetber  the  same  thing  had 
been  tried  in  Staffordshire  ? — The  difficulty  with  ua 
arises  simply  from  the  fact  that  the  men  will  not  use 
them,  th^  will  not  undertake  the  necessary  extra 
labour. 
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969.  Then  in  your  opinion  a  considerable  saving  oi  B67 
fuel  might  be  obtained  if  the  men  wouH  go  to  the    ^*  WUUams, 
extra  trouble  of  working  the  shallower  grates? — It  ^"V* 
involves  extra  labour  npon  their  part,  and  of  course  ^  j^7i869 
extra  pay  upon  our  part  to  provide  for  it.   

970.  Is  the  waste  neat  of  your  furnaces  for  the  most 
part  utilized  in  producing  steam  ?— In  my  individual 
case  not  at  all ;  but  very  generally  in  Sta^brdahire  it 
is  used. 

971.  Have  you  any  practical  objection  to  the  use  of 
waste  heat  ? — We  fouud  by  experience  that  the  quality 
of  the  iron  varied  more,  and  in  some  instances  the 
waste  of  the  iron  was  far  greater  than  the  saving 
of  fuel. 

972.  Does  that  apply  to  blast  furnaces  ? — ^No,  to 
heating  furnaces. 

973.  That,  no  doubt,  arose  li-om  the  choking  of  the 
draught? — It  is  neceaaary  to  keep  the  draught  con- 
tinuous. 

974.  Then  a  larger  number  of  furaaoea  or  auxiliary 
boilers  would  have  met  that  difficulty,  would  it  not  i 
— I  do  not  think  it  would,  because  you  must  keep  up 
a  certwn  amount  of  heat,  and  you  must  regulate  your 
boilers  according  to  the  heat  you  profess  to  be  able  to 
spare,  and  as  each  furnace  is  only  getting  up  its  heat 
in  succession  so  you  can  only  keep  the  number  of 
boilers  that  you  want  the  heat  to  apply  to,  and  you 
can  only  calculate  upon  those  boilers  which  are  really 
receiving  the  heat  to  be  of  service. 

975.  And  that  does  not  upon  the  average  equalize 
itaelf  P — ^Not  in  my  judgment. 

withdrew. 


Joseph  Beattie,  Esq.,  London  and 

.  976.  {Chairman.)  You  are,  I  believe,  the  engineer 
to  the  locomotive  department  of  the  London  and 
Soutii-Westem  Railway  Company  ? — I  am. 

977.  And  I  believe  you  have  turned  your  attention 
tbr  many  yearp  past  to  the  econcuuy  of  coal  in  the 
working  of  locomotives  ? — have. 

978.  Will  you  kindly  give  us  the  results  of  your 
experience  upon  that  point  ? — As  many  as  16  years 
ago  I  first  thought  it  was  a  great  pity  to  see  so  much 
smoke  escaping  from  the  coke  ovens  in  making  coke. 
I  fouud  that  a  third  of  the  weight  of  the  coal  was 
lost  in  the  process  of  coking,  and  that  we  got  only 
about  64  per  cent,  of  the  weight  of  the  coal  as  coke 
suitable  for  the  engines,  the  remainder  having  passed 
off  as  smoke.  I  thought  it  would  be  a  good  tmng  to 
utilize  that,  and  to  save  the  expense  of  making  coke 
by  arranging  for  the  locqmptives  to  make  their  own 
ooke  as  ihey  travelled  aUng  t/ie  line,  and  to  get  tbe 
benefit  of  those  gases  which  pass  o£  With  that 
oigect  in  view  I  arranged  the  furnace  of  the  loco- 
motives in  two  pOTtions  :  one  in  advance  of  the  other, 
one  in  fcoat,  near  to  where  the  engineer  stands,  the 
other  &i-ther  off  towwds  th^  tubea  of  the  boiler.  I 
perforated  the  partition  which  separated  the  two  fur- 
naces with  tubes,  so  that  the  gas  given  off  from  the 
first  furnace  would  pass  tlirough  this  partition,  and 
through  and  over  the  fuel  of  the  second  furnace,  before 
it  passed  into  the  tubea  of  die  boiler.  At  firat  I  used 
coke  in  the  further  furnace  next  the  boiler  tubes ; 
that  coke,  when  it  was  fully  ignited,  consumed  the 
giuea  completely,  but  it  was  also  consume  itself,  and 
to  obviate  that  I  used  fire-bricks  la  the  second  fur- 
nace arranged  with  openings  betwe«L  than,  and, 
finally,  in  £e  most  saitaUe  ,f(HXpL,  as  an  arch  fixed 
between  tbe  adea  of  the  furnace  so  as  to  intercept  the 

gases  and  complete  their  combnstirai  befin«  they  enter 
le  boiler  tubes.  The  arch  was  carried  by  the  fire- 
box, and  the  fire-bars  could  be  i-emoved  and  cleaned 
when  i^ecessary,  or  the  arch  itself  repaired  or  restored 
from  t^e  to  time.  The  gases  passing  out  of  the  coal 
in  the  first  furnace  were  consumed  in  the  second  fur- 
nace. We  got  complete  combustion  there;  and  these 
fire-bricks,  so  arranged,  stood  five  or  alx  months,  and 
Bdmettmes  longer.  The  good  e&ct  of  the  firo-bricks 
cDpld  be  seen  when  oomixig  home  after  adivy's  work ; 
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for,  perhaps,  the  last  20  to  25  miles  to  London,  the  ^'9- 
mass  of  red  hot  fire-brick  was  as  good  as  coke  for  j^^^^  jgg^ 
giving  off  heat  again,  so  tiaA  the  last  20  or  25  miles  . 
of  the  jomn^  were  performed  widiont  the  expendi- 
ture of  any  fbeL  Then  I  went  a  little  further;  see- 
ing that  &e  steam,  which  resulted  fW>m  an  expendi- 
ture of  fuel  equal  to  about  3d.  per  mile,  passed  away 
through  the  chimney  of  the  engme,  I  arranged  to  take 
a  portion  of  that  steam  back  again  and  condense  it.  I 
took  it  back  to  the  tender  and  mixed  it  with  the  water, 
BO  that  the  temperature  of  the  feed  water  for  the 
pump  was  raised  to  about  25°  or  30°  Fah.  below 
the  boiling  point.  Then  that  water  so  taken  up,  as  it 
passed  towards  the  boiler  through  the  condensing 
appMtitus  again,  received  the  addition  of  a  quantity 
of  heat  from  the  exhaust  steam  which  was  being  con- 
veyed to  the  condenser,  and  by  this  means  was  raised 
to  the  boiling  pqint  when  entering  the  boiler.  This 
increase  in  the  temperature  of  the  feed  water  had  the 
good  efife6t  of  rendering  unneceasary  the  usual  violent 
blast  in  the  furnace  to  foi*ce  the  fire  to  generate 
enough  steam ;  and  thus' also  was  saved  a  eonddavble 
quantity  of '  fuel  which  had  hitherto  been  carried 
through  the  boiler  tubes  partially  unconsumed.  I 
found  that  the  economy  effected  by  this  operation  of 
heating  the  feed  water  was  equal  to  about  13^  per 
cent,  of  the  fuel  formwly  used,  and  it  also  made  the 
engine  more  freely  generate  steam,  and  consequently 
the  power  uf  the  engine  was  greater,  as,  for  inatance, 
in  ascending  a  long  incline  there  was  always  a  good 
supply  of  steam,  which  was  not  always  the  case  in 
the  old  engines  using  cold  water.  We  never  had  to 
stop  at  the  beginning  of  on  incline,  or  to  travel  up 
slowly.  We  also  used  less  water,  and  our  water  was 
of  a  better  qnidity,  it  was  purified  water ;  and  the  ctm- 
sequenee  was  Uiat  there  was  leas  d^p<»it  on  the  tubes 
the  engine,  wbick  enabled  them  to  eondnct  tlie  heat 
better  to  tiie  water  in  the  boiler.  Another  benefit 
was  that  the  tubes  lasted  longer,  and  would  not  wear 
out  aa  quickly  as  they  did  when  coke  was  the,&ei^ 
used. 

979.  Then  what  was  the  actual  economy  introduced 
by  the  introduction  of  your  system  ? — We  found  tiuit 
we  got  as  much  benefit  from  1  lb.  of  coal  as  we  got 
formerly  from  1  lb.  of  cxAa,  and  whereas  the  cdie 
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these  prices  was  the  saving  to  ns. 

980.  Of  coarse  that  saving  npon  a  lino  like  (he 
London  and  Sonth-Westem  lunounted  to  something 
very  large  7 — It  amounted  to  about  30,000/.  a  year, 
enough  to  increase  the  dividends. 

981.  (Mr.  Vivian.)  The  saving  realized  in  the 
weight  of  coal  would  be  as  coke  to  coal,  that  is,  as  66 
to  100  r — Yes,  we  found  that  1  lb.  of  coal  gave  us  as 
much  benefit  as  1  lb.  of  coke,  and,  in  addition  to  this, 
we  got  the  benefit  of  the  feed-water  heating  apparatus. 

982.  (Ckairman.)  Is  there  not  an  objection  to  the 
burning  of  coal  on  account  of  the  annoyance  of  the 
smoke  ? — Yes,  if  the  engine  is  burning  coal  in  the 
ordinary  way,  but  not  when  it  is  burning  it  on  my 
plan.  We  take  the  Queen's  train  down,  when  Her 
Majesty  is  going  to  Osborne,  with  coal. 

983.  Perhaps  you  are  particularly  carofhl  in  that 
case  V — ^Not  at  all ;  it  is  just  the  same  as  the  other 
trains. 

984.  (Jfr.  Geddes.)  What  coal  do  you  use  chiefly  ? 
—I  use  some  South  Wales  coal  and  some  North 
Wales  coal,  and  some  of  the  Midland  Counties  coals. 

985.  {Mr.  Vivian.)  Is  your  system  generally 
adopted  throughout  England  ? — ^Not  generally  ;  there 
are  modifications  and  parts  of  it  in  use. 

986.  Do  you  anticipate  that  large  savings  will 
result  from  its  general  adoption  throughout  England  ? 

doubt  they  will.  I  think,  now  that  my  patent 
is  about  expiring,  the  companies  will  be  all  using  it 
There  is  a  great  deal  of  jealousy  about  adopting 
another  engineer's  scheme. 

987.  {Chairman.)  Is  it  your  system  or  one  analo- 
gous to  it  which  they  are  nung  on  the  London  and 
North- Western  or  the  Great  Northern  line? — 
They  have  adopted  portions  of  my  scheme,  the  fire 
bricks. 

988.  But  they  have  not  adopted  it  in  other  respects  ? 
—Not  to  my  knowledge. 

989.  Do  you  think  that  we  have  nearly  approached 
the  limits  of  economy  in  the  use  of  cotd  in  the  loco- 
motive engine,  or  are  we  likely  to  economize  still 
further  ? — We  could  economize  a  little  more  if  we 
could  condense  more  of  the  steam.  I  could  supply 
twice  as  much  steam  to  the  feed  water,  but  it  gets  so 
hot  that  we  could  not  pump  it.  I  have  a  scheme 
l^which,  however,  I  have  not  had  time  to  carry  out) 
further  to  cool  that  water  and  condense  it,  to  pass 
it  durectly  through  the  tabes  and  expose  it  to  the 
atmosphere;  but  that  would  be  a  great  deal  of 
trouble. 

990.  {Mr.  Vivian.)  Do  you  not  destroy  your 
exhaust  in  that  way  ? — We  do  not  want  it  with  the 
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soft  blast  we  have  got ;  we  do  not  require  it.  We 
can  adjust  the  exhaust  just  by  opening  the  cock 
partially.  We  can  have  the  whole  blast  or  none  of 
it,  or  any  part  of  it.  We  can  let  the  whole  of  it  go 
up  the  chimney  without  any  portion  being  taken 
back,  and  we  thus  obtain  the  advaut^e  of  an  adjust- 
able blast  pipe. 

991.  (Chairman.)  You  have  spoken  of  the  large 
economy  effected  on  your  own  line  by  the  introduc- 
tion of  this  process,  and  you  have  also  incidentally 
mentioned  the  Great  Northern  as  having  in  part 
adopted  it.  From  your  general  knowledge  of  rail- 
ways, are  similar  systems,  or  is  a  similar  economy, 
being  carried  out  thron^out  the  kingdom  ? — ^No,  not 
to  a  similar  extent  The  rulway  companies  carry 
out  some  portions  of  it,  but  not  the  whole  of  it,  bot 
in  time  th^  may  be  compelled  to  do  it;  because  the 
dividends  may  require  it. 

992.  What  is  your  ccmsnmption  of  coal  in  propor- 
tion to  your  horse  power  per  hour? — powerful 
engine  would  work  at,  we  wiU  say,  150  horse  power, 
but  the  horse  power  is  variable,  and  depends  on  the 
pressure  and  speed  you  work  at  Our  consnmptaon 
of  fuel  per  mile  is  the  lowest  in  the  country. 

993.  {Mr.Vivian.)  What  is  your  consumption  of 
fuel  per  mile  ? — Taking  all  trains  together,  passenger 
and  goods  trains,  it  is  about  25  lbs.  per  mile.  You 
will  find  that  the  quantity  varies  upon  other  linea 
up  to  40  lbs.,  and  even  45  lbs.  I  think  on  the 
Great  Northern  it  is  46  lbs. ;  on  others  it  is  about 
38  lbs. 

994.  Do  you  atbibuto  your  lower  average  to  the 
adoption  of  your  system  ? — Yes,  to  that,  together 
with  some  other  things  also.  I  also  use  hollow 
stays  on  the  sides  of  the  fire-box,  by  which  the  air  is 
introduced  in  small  volumes. 

995.  And  heated  to  a  high  temperature  ? — ^Yes  ; 
and  we  use  deep  fire-bars  very  close  together,  with 
about  half  an  inch  between  them,  so  that  very  little 
of  the  small  coal  escapes  through  them. 

996.  And  you  catch  it  in  the  ash  pan  ? — ^Yea  ; 
it  is  all  mixed  with  the  coal,  and  we  use  it  up  ; 
so  that  nothing  at  all  is  lost.  We  nse  very  clean 
good  coal.  No  coal  that  is  dirty  would  do ;  it  would 
form  clinkers  upon  the  bars.  We  find  a  moderately 
good  coal  the  best.  We  use  about  one  third  of  the 
best  —  the  Welsh  steam  coal  —  and  two  thirds  of 
other  coal.  We  use  some  Ruabon  coal  from  a 
colliery  called  the  Yron  CoUioiy,  close  to  Ruabon. 
That  is  very  good  ;  and  we  nse  some  Staffordshire 
and  Yorkshire,  but  we  can  get  it  cheaper  from  Wales  ; 
the  freight  is  expensive ;  therdbre  we  find  tha^ 
taking  the  freight  into  account,  the  better  coal  is  as 
cheap  or  cheaper  than  the  infbrior  scarts. 

withdrew. 


B.  H.  VittkoLt  Henry  Hussbt  Viviak,  Esq.,  M.P.,  a  member 

Etq.f  M.P.       ggy^  (Chairman.)  You  are  and  have  been  laigely 

17  June  1869,  engaged  in  metal  manufacture,  and  of  couree  ^ve 
'  had  your  attention  particularly  directed  to  the  ques- 
tion which  is  immediately  before  us,  namely,  the 
economy  of  fuel,  especially  in  the  industries  of  copper 
and  zinc  smelting.  Can  you  give  us  any  information 
as  to  the  economy  likely  to  be  effected,  or  which  is 
being  effected  at  the  present  time,  in  the  smelting 
process?— I  am  senior  pu>tner  of  a  firm,  Messrs. 
Vivian  and  Son,  which  has  200  ffamaces  in  active 
operation,  and  of  coui-se  the  economy  of  fuel  has  for 
many  years  occupied  my  attention.  The  chief  practi- 
cal economy  which  I  can  quote  in  regard  to  copper 
smelting  was  effected  by  ns  some  years  ago,  and  we 
have  hM  a  lengthened  practical  experience  of  it ;  it 
relates  to  the  reduction  of  the  depth  of  our  grates. 
By  reducing  the  depth  of  our  grates  we  effect  an 
economy  of  about  one-fourth  in  the  consumption  of 
coal  used  in  the  smelting  of  copper.  The  average 
consumption  of  coal  used  in  our  copper  furnaces, 
taken  over  85  weeks  in  the  years  1853,  1854,  ,1855, 
and  1856,  was  24  tons  6  cwt  per  furnace  per  week. 
Onr  most  recent  consumption  in  the  altetMl  gratasi 
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the  furnaces  in  all  other  respects  remaining  precisely 
as  tliey  were  before,  is  18  tons  7  cwt  2  quarters  per 
furnace  per  week,  showing  a  saving  realized  of  6  tons 
on  24  tons  formerly  used,  or  6  tons  on  1 8  tons  now 
;  the  saving  being  in  the  one  case  one-fourth  of 
the  former  consumption,  and  in  the  other  case  one- 
third  increase  on  the  present  conaumption.  That,  I 
believe,  entirely  arose  from  the  depth  of  the  grate 
being  altered.  I  have  hero  a  plan  of  the  furnace 
(producing  a  plan),  showing  the  former  depth  of  the 
grate  and  tiie  present  depth  of  the  grate.  The  dotted 
line  in  this  plan  shows  the  depth  of  the  grate  existing 
previous  to  our  alteration,  and  it  will  be  seen  tiiat  at 
the  back  it  was  8  ibet  6  inches  deep  where  it  is  now 
1  foot  6  inches  deep  ;  in  the  centre  it  was  4  feet 
deep  where  it  is  now  1  foot  10  inches  deep ;  nearest 
to  the  furnace  it  used  to  be  4  feet  2^  inches,  and  it  is 
now  2  feet  6  inches.  It  will  therefore  be  seen  that 
the  change  of  depth  is  very  material.  It  will  also  be 
seen  by  tiie  drawing  that  a  slight  slant  is  given  to  the 
bars  towards  the  front.  That  we  have  found  very 
eSeetiTe,  and  I  believe  that  its  chief  advantage  arises 
from  the  greater  body  of  fire  being  next  to  ih»  fiir- 
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naoe,  ensuring  the  complete  coDBumption  of  such  ur 
as  we  admit  for  the  combustion  of  our  fuel.  I  may 
explain  that  the  system  of  working  the  copper  fur- 
naces is,  I  believe,  entirely  different  from  the  system 
of  working  any  other  reverberatory  furnaces.  We 
are  in  the  habit  of  filling  onr  grate  entirely  with  coal. 
It  is  not  stoked  from  tbo  aide,  as  in  the  case  of  the 
ordinary  rererberatory  fumaoes,  but  it  is  stoked  irom 
the  top  at  the  aide  ;  and  the  fireman  fills  his  grftte 
entirely  full,  even  ramming  it  with  a  rabble.  The 
iwult  of  tluit  is  that  our  inel  is  very  much  in  the 
conditiDn  of  the  fhel  in  a  gas  generator,  such  as  Mr. 
Siemens*  and  others  use  for  generating  gas ;  the 
slow  distillation  of  the  gases  arising  from  the  com- 
bustion of  our  fuel  is,  I  ^ink,  the  cause  of  the  ex- 
^mely  small  consumption  of  coal  in  proportion  to 
the  large  areas  of  our  furnaces.  It  remains  to  be 
proved,  bat  my  own  conviction  is,  that  the  consump- 
tion of  our  fuel  is  so  perfect  that  it  will  be  found 
that  no  gas  fbmaee  can  exceed  it.  In  fact  the  fad 
is  exactly  in  the  condition'  of  fuel  under  combustion 
for  the  pnipoM  of  g^erating  gas.  In  working  these 
AimaceB  we  so  arrange  our  draught  as  to  cause  the 
melting  point  to  be  exactly  at  tl^t  point  in  the  fur^ 
nace  vhen  we  reqnire  it.  At  time^  when  the  fhr- 
nace  is  working  badly,  it  either  melts  too  near  the 
bridge  or  too  tar  forward,  even  in  the  stack.  We 
immediately  cure  that  defect  by  either  giving  the 
fiirnace  more  or  leas  draught.  H  the  furnace  is  melt- 
ing too  far  back  we  check  the  draught ;  if  the  furnace 
is  melting  too  far  forward  we  increase  the  draught 
by  increasing  the  passage  leading  from  the  furnace  to 
the  stack.  It  will  be  seen  that  our  stacks  are  very 
large  compared  to  the  area  of  the  grate,  and  to  that 
I  think  the  fact  is  due  that  we  are  able  to  do  entirely 
without  fan  blasL  although  we  use  small  coal.  I  do 
not  attribute  it  alone  to  that,  but  I  also  attribute  the 
absence  of  the  necessity  of  blast  to  the  use  of  binding 
as  well  as  free  coal,  and  to  the  d^th  of  our  grate  b^g 
exactly  proportioned  to  the  fu^  we  use.  We  hare 
tried  to  apply  a  blast  to  onr  system  exactly  in  the 
same  manner  as  the  blast  has  been  applied  at  tiie 
Dowlius  Works  ;  in  fact  we  had  the  apparatus  from 
Dowlaie,  and  applied  it  to  our  furnaces,  but  we 
found  no  sort  of  advantage  from  it.  I  believe  the 
absence  of  the  necessity  for  blast  to  be  due,  as  I  said 
before,  to  two  causes,  first,  the  height  of  onr  stacks, 
and,  secondly,  the  admixture  of  binding  with  the  small 
free  coal,  with  a  well-proportjoned  depth  of  grate.  I 
may  mention  that  we  use  nothing  but  the  smallest 
oosj,  screened  through  a  very  small  screen  indeed, 
and  we  invarialdy  mix  londhag  coal  and  free  coal 
together.  When  that  coal  comes  into  heat  it  cakes  to 
a  certain  extent,  and  forms  small  conduits  far  the 
ascen^ng  ^r.  The  ascending  columns  of  air  are 
namerom^  and  they  eonTert  the  coal  in  contact  with 
thttn  into  carbonic  raeid^  and  eabsequently  othn 
portitms  of  idr  are  converted  into  carbonic  and,  hot 
exactly  at  the  point  where  we  require  the  heat.  And 
inasmuch  as  we  realise  the  full  benefit  of  the  initial 
heat,  that  is  to  say,  the  heat  due  to  the  conversion  of 
carbon  into  carbonic  oxide,  as  well  as  that  due,  sub- 
sequently, to  the  conversion  of  carbonic  oxide  into 
carbonic  acid,  my  conviction  is  that  we  are  doing 
better  with  tiieee  fumaoea  than  we  could  do  by  the 
use  of  Mr.  Siemens'  or  any  other  plan.  I  have  there- 
fan  never  thought  it  worth  while  to  try  that  plan, 
inasmuch  as  it  involves  very  considerable  first  cost^ 
and  would  not  be  very  easily  applied  to  large  and 
extensive  works  already  existing.  Our  furnaces  never 
now  show  the  presence  of  unconsumed  gaqes  at  the  top 
of  the  stacks.  I  remember  very  well  that  in  former 
days  our  stadcs  aSi  "  topped,"  that  is  to  say,  large 
volumes  of  flame  issned  from  the  t(^  onr  etaeks, 
ahoiring  that  the  gases  passed  out  of  the  furnaces  to 
a  large  extent  unconsumed ;  bat  such  is  not  the  case 
now.  I  will  undertake  to  say  that,  with  the  exception 
of  one  or  two  fnmaces  working  for  special  purposes, 
you  will  not  find  that  any  one  of  our  furnaces  show 
symptons  of  combustion  due  to  unconsumed  gases  at 
the  top  of  the  stack.  It  may  be  intwesting  if  I  give 
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the  area  of  onr  grates,  and  the  cubic  contente  of  our  B69 
furnaces.  I  think  they  will  be  found  to  bear  very  ^^^i 
favourable  comparison  with  those  of  any  other  descrip-  ^T-i  X.P. 
tion  of  melting  furnaces.  Our  grates  are  4  feet  6  17  June  ]  8(9. 
inches  by  4  feet  6  inches,  giving  a  superficial  area  of 
20'2fifeet.  The  cubic  contents  ofour  grates  are  32 -06 
cubic  feet.  The  cnbio  contents  of  the  furnaces  are 
208- 13  cubic  feet.  Therefore  82  cubic  feet  of  grato 
heats  206  cubic  feet  of  fnniaoe.  I  think  that  that 
will  be  found  to  be  a  very  low  proportion.  Our 
system  of  firing  is  as  follows : — I  have  traced  two 
furnaces  through  kn  entire  diarge,  and  I  may  men- 
tion that  a  charge  takes  on  an  average  something 
like  6  hours,  that  is  to  say,  we  make  4  charges  in  the 
24  hours,  each  charge  representing  48  cwt  of  ore. 
The  first  fire  thrown  was  at  10.15  aon.,  the  second 
was  at  10.65,  ^e  third  was  at  11.35,  the  fourth  at 
12.5,  the  fiflh  at  12.50,  the  raxth  at  1.30,  the  seventh 
at  2.25,  the  eighth  at  3.5,  and  the  ninth  at  3.50,  that 
is  to  say,  the  ^  was  thrown  nine  times,  and  during 
tiiat  time  15  cwt  of  coal  was  ooniumed.  The  other 
furnace  fdmost  exactiy  confirms  the  account  which  I 
have  given  of  the  first  furnace.  Fire  was  thrown  in 
that  case  8  times,  bat  the  quantity  of  coal  used  waa 
one  cwt.  more ;  it  waa  16  cwt.  It  will  therefore  be 
seen  that  coal  is  thrown  pretty  frequently  about  from 
every  40  to  45  minutes ;  and  no  doubt  the  reason 
given  by  Mr.  WiUiams,  for  the  abandonment  of  the 
attempt  to  use  shallower  grates  in  Staffordshire  is  a 
correct  and  practical  one,  namely,  that  more  trouble 
is  given  to  the  men  hy  the  more  constant  necessity  of 
throwing  fire  in  fallow  grates  than  in  deep  grates. 
We  experienced  precisely  the  same  difi^culty;  m  foct 
our  men  stood  out  against  the  use 'of  the  shallow  gratea 
at  first,  but  I  persisted  in  their  use,  and  carried  my 
point,  realizing  as  I  swd  before,  a  very  considerable 
saving  in  co^.  My  impression  is,  that  if  the  system 
adcpted  fw  firing  copper  furnaces  were  adopted 
in  all  cases  of  reverberatory  furnaces,  a  very  cm- 
uderable  saving  of  coal  would  be  affected.  Perhaps 
it  is  also  an  important  point  to  bring  under  the  notice 
of  the  committee  that  our  fire  bars  are  {daced  in  such 
a  manner  as  to  prevent  the  pcwsibility  of  the  men 
tampering  with  them.  In  former  days  we  used  to  use 
small  fire  bars,  and  very  heavy  cUnkers.  Every  now 
and  then  these  heavy  clinkers  were  of  necessity  flowed 
to  fall,  and  when  they  fell  they  produced  large  holes 
in  the  fire,  through  which  an  Immense  amount  of  un- 
consumed  ooal  fell,  so  that  in  looking  at  the  ash-pite 
of  the  fornaces  I  constantiy  saw  great  heaps  of 
wholly  unconsumed  coal  in  the  ash-pit,  and  at  aU 
times  a  verj  considerable  amount  of  ash  and  uocon- 
snmed  coal  or  coke  fell  through  the  ^te  bars.  Now 
we  place  our  grate  bars  in  a  solid  piece  of  cast  iron, 
whiclt  renders  it  impoeuble  for  the  man  to  shift  them  ; 
th^  are  an  inch  aud  quarter  thick,  and  2f  in.  apart 
Tho  result  of  that  is  that  very  littie  nnc(H«imed  coal 
or  ook»  fella  throt^h  into  onr  ash-jnts.  I  had  it 
determined,  and  I  found  that  the  coal  consumed  in  a 
furnace  in  24  hours  waa  3  tons  6  cwt,  the  quantity  of 
ash  made  waa  9  cwt,  which  was  made  up  of  1  cwt. 
and  13  lbs.  of  unconsumed  coke  or  cinder,  and  7  cwt 
3  quarters  and  15  lbs.  of  clinkers  and  fine  ash,  repre- 
senting for  the  most  part  the  earthy  matter  originally 
contained  in  the  coal.  The  unconsumed  cinder  bore 
the  proportion  of  1  •  69  to  the  coal  used,  and  the  clinker 
11-94  to  the  coal  used.  The  quantity  of  coal  used  per 
hour  in  the  shallow  grates  is  242  lbs.,  and  in  the  deep 
grates  348  lbs.  The  quantity  of  coal  used  per  foot 
area  of  grato  is  in  tibe  shallow  grates  1194  Ibe., 
and  in  the  deep  grates  1,718  lbs.  The  height  of  the 
stack  is  50  feet,  and  its  soperficiai  area  inude  is  5 
squue  fidet  9  incina.  lliese  oonditions,  I  tiiink,  as 
I  said  befbre,  ^  exhibit,  when  compared  with  other 
reverberatoy  fiimacefl,  satisfiictory  reenits  with  r^ard 
to  the  consomption  of  fuel. 

998.  {dfr.  Geddet.)  Is  the  coal  that  you  have  spoken 
of  the  same  character  of  coal  tiiroughout  ?— Yes;  it  is 
a  mixture  of  free  coal  and  binding  coal,  the  free  coal 
being  of  exactly  the  same  type  as  the  small  of  tho 
ordmary  Welsh  steam  coal,  and  the  binding  coal  being 
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of  the  nature  of  ordinary  binding  coking  ooal,  mixed  in 
the  inroportion  of  about  half  and  half. 

999.  (Mr.  Dickinson.)  Did  yon  use  any  damper  at 
the  top  of  the  chimney  ? — We  did  not  use  any  damper 
at  all ;  we  never  do.  Our  draoghts  are  regulated  by 
the  size  of  the  fiue  at  the  end  of  the  ftirnace  next  tiw 
stack.  We  have  the  means  of  ohecking  the  draught 
dtere. 

1000.  What  is  the  height  of  the  chimney  ?— Fifty 
feet. 

1001.  And  the  diameter  ?--5  eqnsre  feet  9  inohes 
area. 

1002.  (Mr.  Geddes.)  Is  that  a  much  higher  stack  thu 
you  used  to  employ  ?— Yes  ;  we  have  continually 
heightened  the  stack,  and  I  think  they  are  much 
higher  and  larger  than  the  stacks  used  in  iron  works. 
I  believe  the  stacks  used  in  iron  works  are  much  too 
smalL 

1008.  (Chairman.)  Do  you  suppose  that  there  will 
be  any  improvement  in  the  process  of  copper  smelting 
leading  to  much  economy  ? — may  mention  the  Ger- 
stenh&ner  furnace. 

1004.  Ton  are  avuling  TOnrself  of  that  process  with 
considerable  economy  xes.  We  have  got  rid  of 
neazfy  the  whole  of  the  coal  ori^nally  used  in  cal- 
cining the  ore  ;  but  the  quantity  of  coal  nsed  in  e^- 
cining  the  ore  was  not  very  great.  At  the  same  time 
there  is  a  very  sensible  economy  effected  by  Ibe  Ger- 
tenhoffer  furnace.  That,  as  yon  are  aware,  is  based 
upon  the  principle  of  the  sulphur  contained  in  Ibe 
ore  or  regulus  supplying  its  own  fuel  It  falls  in  a 
shower  through  Uie  f urn  ace,  and  ignites  and  bumsj 
and  keeps  ap  the  heat,  so  that  it  is  perfectly  con- 
tinuous. Wa  have  had  a  Gerstenboffer  furnace  at 
work  as  long  as  18  months,  I  think,  without  ever 
going  out,  the  heat  always  being  kept  up  by  the  com- 
bustion of  the  sulphur. 

1005.  la  the  other  metallurgical  processes  with 
wliich  yon  are  fiumBar,  do  yon  see  any  prospect  bf 
large  ecmiomy  ?--I<arge  eonumiies  have  been  realized. 
I  do  not  Imow  whether  yon  can  antiGipate  ftarthOT  herga 
ecmunnieB  or  not,  especiaUy  in  the  mannftotare  of  sine 
When  I  first  was  connected  mth  the  mann&etave  of 
zine,  about  27  years  Bg6,  we  were  using  for  blende 
something  like  30  tons  of  coal  for  a  ton  of  zinc  ,*  bttt 
10  tons  of  that  was  used  for  the  calcination,  so  tbat 
we  may  put  that  but  of  the  question.  Now  the 
Silesian  furnace  does  not  use  more  than  about  10  tons 
per  ton  of  zinc,  and  the  Belgian  furnace  doM  itot 
use  more  than  six  tons  per  ton  of  zinc,  though  it 
depends,  of  course,  to  some  extent  upon  tJlie  richness 
of  the  ore.  But  these  economies  aS,  in  Ui«  oae  case 
50  per  cent.,  and  in  the  other  66  per  cent,  have  been 
realized,  within  my  recollection,  simply  by  the  better 
application  of  .  heat  to  the  same  metidlargical  prt)t!6S8. 


1006.  Have  you  had  any  exp«ienoe  in  the  smelting  of 
zinc  ore  in  blast  fnmaoes  ? — I  have  never  tried  that. 
I  believe  it  is  to  be  done ;  but  it  has  been  often  tried, 
uid  been  always  a  failni'e.  My  impression  is  that  the 
improvement  in  zinc  smiting  lies  in  that  direction, 
if  it  can  ever  be  realized.  If  you  could  so  reduce  the 
ore  and  condense  the  zinc,  undoubtedly  yon  would 
zealize  a  voygreat  savii^^ ;  there  is  no  qnestim  thoat 
that.   It  is  theoretically  ri^t. 

1007.  There  was  a  patent  taken  out  or  some  erpen- 
ments  made  by  Mr.  Darlington  npon  srane  works 
near  Ruabon ;  the  principle  being  to  involve  the 
zinc  ore,  involve  an  atmosphere  of  carbonic  oxide 
thoroughly,  so  as  to  prevent  the  oxidation  of  the  zinc ; 
and,  as  I  was  informed,  the  only  cause  of  failure  there 
was  the  impossibUilr^  of  preventing  the  leaking  into 
the  furnace  of  atmospheric  air  ? — I  can  hu^y  think 
that  that  could  be  the  cause,  because  the  pressure 
inside  the  furnace  must  be  greater  than  the  pressure 
outside  in  a  blast  furnace,  therefore  it  is  inconceivable 
to  me  that  any  lei^cage  into  the  fbnoaoe  should  take 
place. 

1008.  I  think  it  was  at  the  works  of  Mr.  Wright  that 
the  experiment  was  tried,  but  it  failed  ? — Experiments 
were  made  in  my  neighbourhood  some  thirty  years 
ago  by  M.  Ducloa,  who  was  the  first  to  take  out  a 
patent  based  on  this  principle,  I  think.  Those  experi- 
ments were  made  at  the  Ciyne  works  near  me  ;  they 
were  utterly  unEuccessful.  Ton  are  aware  that  zinc 
is  made  in  blast  furnaces  ;  I  have  seen  it  myself.  It 
is  found  on  what  is  called  the  stool  of  the  ordinary 
German  blast  fiimace  used  for  the  smelting  of  copper 
an4  lead  ore.  The  possibility  of  producing  metallic 
zinc  in  a  blast  ibnuce  has  been  known  fi>r  many 
years. 

1009.  When  we  see  the  zinc  which  is  separated  from 
the  ore  in  Korthamptonshire  showing  itself  in  the 
bed  of  the  iron  fumaoes  there,  it  appears  that  it  is 
quite  possible  to  smelt  zinc.  I  allude  to  the  works 
near  Wellingborough  ? — do  not  think  it  is  in  a  me- 
tallic state  ;  it  is  in  a  state  of  oxide. 

1010.  I  have  samples  of  the  metallic  zinc  itself  taken 
feom  the  iron  furnaces  ?— I  was  not  aware  of  that. 

1011.  Are  ikere  any  further  points  upon  iriiichyou 
can  give  evidence  P — No  ;  I  am  not  aware  that  there 
are.  There  was  a  point  which  I  have  alluded  to 
before,  namely,  the  decomposition  of  the  carbonic 
acid  escf^iing  from  furnaces ;  that  is  a  very  abstruse 
and  difficult  qnestiou.  My  own  impression  is  that 
some  day  or  otiier  it  may  be  effected,  just  as  it  is  in 
Uast  flbnaces ;  but  no  doubt  it  is  so  diffieult  to 
carry  out  in  praelice  that  it  cannot  be  relied  on  as  a 
probable  means  of  saving  ooal. 


The  witness  wiih^w. 
A^joomed  to  Fridi^,  the  16Ch  of  Julty 


B.— lOtii  Meetmg,  Friday,  1 6tk  Juby  1869. 

Pbssbnt  :  1.  Mr.  Huirr  ^  the  chair) ; 

%  Mb.  DiOKnreoN ;  8.  Mb.  Habtlet  ;  4.  Sm  William  Ashstbokg  ;  6.  Hil'Okddbs  ; 

6.  Mb.  VmAN. 

The  foUowiug  gentlemen  vere  also  present:  MB.  Akdebson,  Mb.  Thohson,  Mb.  GteEATBS. 

1.  The  Minutes  of  the  last  meeting  were  signed. 

2.  The  Chaiiman'  etoted  that  Mr.  John  Penn.  of  Chnenwioh,  will  attend  on  a  future  oocasum,  if 
required. 

3.  After  taking  evidence,  it  was  decided  to  ask  Mr.  Penn  for  a  written  statemeaet  The  Gbaii^ 
man  was  requested  to  write  himself  to  Mr.  Penn,  or  to  instruct  the  Secretary. 

4.  It  was  settled  that  the  taking  of  evidence  in  this  branch  is  closed 
6.  The  Chairman  was  requested  to  draft  the  Keport.      '    .  .  .' 

6.  The  Chairman  will  summon  a  Tiaf^Vg  when  Ifhe  Beport  is  drafted^  and  set  up  in  type. 
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John  SxtvEaam,  Ksq.,  Boyal  Arsenal,  Woolwich, 
ezaininod. 

1012.  {Ckidrman.)  I  bdiere  Hut  yon  are  tile 
Superintendent  of  Machinexy  at  the  War  Office  ? — 
Tes, 

1013.  {Mr.  Jfartley.)  At  Woolwich  ?— Wherever 
we  have  machineiy. 

1014.  {ChcdrmanJ)  Yoar  position  has  necessarily 
given  you  a  large  amount  of  information  and  ex- 
perience in  conuection  with  the  application  of  steam  for 
several  different  purposes  ? — Tes  j  there  are  altogether 
about  172  or  173^  steam  boilers,  and  we  have  a  system 
of  reporting  their  performance,  and  the  cost  with 
regard  to  fuel,  and  indeed  ererything  connected  with 
them,  so  that  we  have  every  inrarmation  bearing  npon 
these  points.  I  have  brought  witJb  me  some  of  the 
returns  whieh  are  sent  in,  which,  if  they  are  of  any 
service  to  the  Committ^  are.at  tiieir  disposal 

1015.  The  special  point  to  wliich  our  enquiry  is 
directed  is  to  arrive  at.  a  knowledge  of  the  extent 
to  which  there  baa  been  economy  in  the  consumption 
of  fuel  for  f the  production  of  steam,  whether  that 
eomomy  is  still  going-  -forward,  and  wheth^  we  may 
expect  a  greater  economy  in'  the  future.  Perhaps 
from  your  experience  you  may  be  able  to  enlighten 
us  upon  those  points  ? — I  have  Very  decided  views 
upon  the  subject,  ^though  it  is  going  almost  to  the 
end  at  the  beginning.  Since  Dr.  Joule  published  his 
equivalent,  namely,  the  heat  required  to  nuse  a  pound 
of  water  one  degree  as  equal  to  772  lbs.  raised  one 
foot,  and  since  tnen  have  become  familltLr  "with 
that,  there  ias  been  a  growing  dissatisfaction  with 
regard  to  the  duty  .performied  at  present.  If  we  go 
2<X)  years  back  we  shall- And  that  men  were  quite 
contented  with  one  sizti^  of  Jook's  equivalent ;  and 
if  we  come  up  to  100  yean  ago,  in  Watt's  time,  nmu 
were  quite  content  with  one  fOTtieth.  We  have  very 
few  engines  now  which  do  not  produce  one  twentieth, 
and  we  have  some  producing  very  nearly  one  tenth  of 
Joule's  "equivailent,  but  still  everybody  is  dissatisBed. 
We  must  try  to  dose  up  the  leakt^es  of  heat,  and 
that  spirit  is  the  m<Mt  hopeful  thing  wMch  there  is  at 
present.  We  used  formerly  to  congratulate  ourselves 
as  to  how  advanced  we  were,  but  it  is  now  the 
opposite,  which  is  a  very  healthy  condition  to  be  in 
compared  with  the  former  state. 

1016.  By  what  system  chiefly  do  we  llnd  the 
greatest  economy  to  be  effected  in  the  production  of 
steam  ?— Hmt  question-  embraces  very  much.  Sup- 
pose we  take  it  in  this  way,' that  it  divides  itself,  say, 
mto  three  subjects;  first,  how  to  get  all  the  heat  of 
tiie  fuel,  then  how  to  turn  all  ^t  heat  into  steam, 
and,  thirdly,  how  to  turn  that  steam  into  work. 

1017.  You  of  course  take  the  tfaeoretical  question? 
— It  is  practical  -with  me  ;  to  my  mind  it  presents  the 
arrangement  in  which  I  have  now  put  it. 

1018.  At  present,  of  course,  we  do  not  realise  any- 
thing approaching  to  the  theoretical  value  of  the  carbon 
which  we  are  consmning  in  our  furnaces  ?~ According 
to  the  statements  published,  the  best  coals  are  said  to 
be  able  to  evaporate  14  lbs.  of  water  wi^  a  pound  of 
coaL  I  am  not  quite  sure  whether  that  means  the 
raising  from  a  low  temperature,  or  whether  it  merely 
means  the  evaporation  from  water  into  steam.  The 
highest  point  which  we  have  arrived  at  is  9^  lbs., 
which  includes  the  getting  up  of  steam  in  the  morn- 
ing ;  and  this  is  exceptional. 

1019.  (]ifr.  Dickinson.)  Are  you  speaking  of 
,  Joule's  new  system  of  heat,  which  pute  it  into  a  system 

of  calorics? — He  made  a  course  of  experiments,  and 
several  other  pbiloeof^ers  have  done  the  same,  and 
they  all  come  to  oue  result,  namely,  that  the  quantity 
of  heat  necessuy  to  raise  a  pound  of  water  one  degree 
wHl  raise  772  pounds  one  foot;  in  the  very  best 
results  we  have  only  reached  one  eleventh  of  that 
amount,  but  I  would  rather  adhere  to  one  trath,  because 
we,  may  dispute  about  the  temperature  of  the  water. 
If  we  assume^  degrees,  it  is  one  ebventfa. 

1020.  (  Chairman^)  And  that  is  the  greatest  economy 
which  is  at  present  efiiacfied  ?— Yes ;  but,  to  retmn  to 
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the  subject  upon  which  we  were  speaking,  namefy, 
the  whole  heat  which  there  is  in  the  fuel,  according 
to  the  published  statements  a  pound  of  Uie  beet  ooal 
is  capable  of  evaporating  1 4  lbs.  of  water.  In  veir 
few  steam  boilers  that  I  know  of  do  we  even  reach  }^^^7  1889 
10  lbs.,  and  that  is  very  rarely  the  case.  - 

1021.  Tlien  you  would  regard  10  lbs.  as  being 
beyond  the  average? — ^It  is  much  beyond  our 
present  average,  and  we  try  ots-  best ;  we  very  seMoM 
get  aboFve  9^  lbs.  We  sometimes  have  reported  as 
much  aa  11,  but  I  always  have  a  suspicion  about  it, 
that  the  water  meters  lutve  been  wrcn^,  or  that  some- 
thing has  led  astray. 

1022.  From  returns  which  I  have  received  from  all 
parts  of  the  country,  I  find  that  about  eight  pounds  of 
coal  per  hour  is  the  quaoti^  required  for  tbe  production 
of  one  hoa»  power.  I  find  in  several  cases  thjit  l^the 
use  of  sundry  appliances,  such  as  GaUoway's  tubes, 
Green's  heat  econmniser,  and  the  li^  with  other 
amngements,  we  have  some  rep<nts  of  8  lbs.  per  horse 
power  per  hour.  Can  yon  state  what  rtmAon  tliat 
will  bear  to  the  evaporative  application  of  the  coal 
to  10  lbs.  of  water  per  lb.  ?— lliis  question  is  -with 
reference  to  the  power. 

1023.  The  question  is  the  quantity  of  coal  to  be 
psed  in  the  production  of  power  ? — The  best  which 
we  have  obtained  is  2|  lbs.  per  Horse  power  per 
hour  indicated,  and  that  is  only  in  one  siqgle  instance. 

10S4.  {Mr,  ffartley.)  For  what  period?— It  is  con- 
tinuous. A  qhort  time  ago  it  was  2^  but  it  now 
continues  at  about  2|. 

1026.  {Chairman.)  Looking  forward;  as  you  do 
hopefully,  you  would  probably  come  to  the  condusicm 
that  we  are  advancing  towards  a  general  realization  - 
of  the  result  of  2^  or  2|  ?— Yes.  30  years  ago  most 
of  the  engines  about  London  were  using  from 
10  to  12  Uts.  per  horse  power  per  hour;  but  they 
bave  gradually  closed  up  until  they  are  now  probaUy 
in  the  vioini^  of  6  lbs.  In  the  War  D^tartmoit  we 
▼wry  from  2|  up  to>about  5|  pounds,  aiul  all  figures 
between,  ranging  over  a  great  variety  dif»rent 
engines. 

]  026.  You  were  stating  that  you  would  fiivour  us 
wlt^  some  returns  of  reeuhe  which  you  had  obtained, 
which  might  be  condnsive  of  the  evidence  which  yon 
are  giving  us? — I  have  here  certain  papers  onwbich  we 
get  our  returns  monthly.  It  is  the  system  {that  makes 
us  careful.  Theee  sheets  oontain  the  questions  which 
have  to  be  answered  every  month,  with  reference 
to  eertitin  pomts  connected  with  fuel  and  stdam. 
Another  paper  contains  a  fbnn  which  ia  returned  to 
all  the  uaen  of  steam,  telling  them  how  good  they  are 
or  how  bad,  and  drawing  a  comparison  between  tiiem 
and  all  tbe  others,  whiw  has  the  e^ct  of  quickening 
all  concerned,  so  that  they  ark  prompted  to  do  their 
TBiy  best^  as  it  idways  comes  faimie  to  them  again. 


Beport  on  Steam  Boilers  for  the  Month  of  March 
1869  in  the  Royal  Laboratory  Defuulment. 


Group  T  14. 


So.  1  BmLa. 


Sitnation  of  Boiler 

Haton  of     „        '  • 

Loigtfaof     „  -  . 

Diaawterof  „  - 

Area  of  Fire-grate 

Horse-power  - 

Wlien  firat  started 

Total' number  of  hoars  «t  actnal  vork 
When  last  oaomeaoed  to  WHk 
When  list  .aleaasd 
When  last  ezamiiied  and  pnmd 
Boon  at  irork  since  hat  set  to  wnk 
Honrs  at  work  in  present  mtnth 
Highett  steam-prenore  per  square  hieh 
Amoant  of  proof  „  „ 

Safe^^falvB.VBiglrtod  to     ^  n 
0  2  . 


Backyard. 
MoItHnbUr. 
17  Aet 

16  feet 

21'3 
Angnst  1860. 
10.687 
8/3/69  - 
l/S/69.  . 
8/8/69 
SS7 
337 
43 
90 

4a  . 
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ON  \rASTB  IN  COUBUSnON. 


B72 

16  Jdy  1899, 


No.  1  Bnler. 

Ko.  1  "BoSLer. 

Water  evaponted  in  galloiu      .      -  - 
StokierB*  hoars  in  present  nonth 
Condition  of  Boildr  and  ap|wndages  when 
last  examined        -                   -  - 

tons.  cvts.  q^. 
S7    16  0 

58,843 
S37 

Good. 

Coit  of  cleaning  doling  present  month 

„    foet            „  „ 

„  repairB  „  „ 
Stwers'  vages  mm 
Oil,  talknr,  and  odierexpenaet  daring  prant 

Total^enaet 

£  t.  d. 
18  2 

as  0  4 

m. 

I  16  9 

0    5  8 

S8  10  11 

Sir, 

I  beg  to  submit  the  following  Statement,  showing  the  comparative  effidency  and  econmny  <^  the  various 
BoilerB  onpk^ed  in  yonr  Department,  during  Uie  Month  of  March,  as  shown  by  the  ezpenditnre  npoa  each 
for  every  hundred  gallAns    water  evaporated. 


So,  of        ia  Depart* 
Bunt. 

CoBt  oTEvapOTadng  100  Gallcu  of  Wat«r. 

Wagea,  Oil,  TaDow,  and 
o^er  Eqwnsea. 

Tnel. 

Bn^cwatfaig  Power. 

1         -         .  - 

r. 

d. 

0.86 

Coal  - 

t. 

d. 
ICS 

Ibe. 
9.4 

Water  to 

1 

Pad 

The  lUnimiUD,  Mazimam,  and  Avoage  B:qi6nditare  and  BffidcDCT  attained  by  BoUott  in  the  War  Dqiartmen^  bmning  variona 

UndB  of  ftael,  dming  the  Month,  are  as  fbUow:— 


pHMll^lil|^             mm  • 

0.7 

Coal      .  - 

7.9 

5.9 

do. 

1 

do. 

6.7 

1 

2.6 

9.4 

do. 

1 

do. 

Average      ■>  • 

2.5 

1 

0.8 

7.6 

do. 

1 

do. 

0.6 

OfaUUnds  - 

4 

5.5 

do. 

1 

do. 

6.7 

1 

6.9 

9.4 

do. 

1 

do. 

ATcrage      •  - 

2.4 

9.6 

7.5 

do. 

1 

da 

1027.  {Mr.  Hartley,)  You,  I  suppose,  rely  upon  the 
engine  tenter  for  the  nlUng  up  ca  these  returns? — 
There  is,  mostly  always,  some  one  ht^er  than  the 
BtiAer  in  connection  with  a  steam  boiler  ;  the  water 
is  measured,  Mid  we  rednce  everything  to  die  oost  of 
evaporating  100  gallons  of  water,  and  if  we  getbeymd 
a  certain  oost  were  is  an  inquiry.  By  means  of 
these  returns  we  have  got  to  be  moderately  economical 
and  moderately  safe. 

1028.  {Ciudrman.)  Possibly  it  would  be  satib&ctory 
if  yon  could  favour  us  with  one  or  two  of  those  tables 
filled  in,  as  ebowing  the  system  adopted  shall  be 
most  happy  to  do  so. 

1029.  Wilt  you  favour  us  with  an  answer  to  the 
general  question,— in  your  own  wayj— as  to  what  is 
your  opinion  with  regard  to  the  prospects  of  economy  of 
coal  in-  the  Aiture  in  the  generation  of  steam,  and 
upon  what  you  found  that  opinion  ? — Supposing  that 
we  have  reached  the  Ibe.,  which  I  lumpen  to  be 
&miliar  with  in  one  or.two  boilers ;  in  tlran  there  are 
various  sources  of  loss  which  now  exist,  and  which 
may  be  dosed.  There  is,  first  of  all,  l^e  chimn^.  We 
lose  a  very  great  deal  by  the  chimney  system.  Taking  a 
ton  df  coal,  and  passing 340,000  cubic  feet  of  mt  through 
the  Aimace,  which  wei^  about  12  tons,  the  whole 
of  that  840,000  feet,  in  addition  to  the  weight  of  the 
coal,  has  to  be  lifted  up  the  chimney  at  a  high  tem- 
perature. A  very  great  deal  more  heat  is  lost  by 
the  chimney  than  by  other  means.  Lost  year  a  very 
interesting  fan  experiment  was  made  by  drawing  the 
heat  irom  a  furnace  after  it  had  done  its  work  down 
through  a  sort  of  vertical  boiler,  the  cold  water  passing 
in,  wd  the  cold  air  coming  out  at  the  bottom. 
Apparently  the  quantity  of  heat  thus  devdoped  was 
two  or  three  times  as  much  as  was  required  to  work 
the  &a.  Kow,  when  we  remember  tiiat  the  34(^000 
ieet  of  air,  ix^geCbet  with  the  tcm  of  gas,  is  passing  up 
the  chimney,  probably  with  a  tempostare  of  400  or 
fiOO  d^reeR^  and  when  we  rednce  that  to  tiie  heat 
equivalent,  it  will  be  seen  tliat  the  chimney  sys- 
um  is  wasteful,  and  I  believe  that  before  long  men 
will  devise  other  ways  oS  obtuning  a  draught,  dther 
by  using  a  portion  of  the  heat  to  turn  a  fan  round, 
or  oth^frise.  That  is  one  source  of  leakage  which 
I  think  -vrill  doee  up  in  time. 


1030.  We  have  had  evidence  that  nearly  all  the 
available  heat  has  been  obtained  from  the  ur  beifore 
it  is  allowed  to  pass  into  the  stack.  From  yonr  state- 
ment it  would  appear  that  that  is  not  the  ofUidasioiL 
at  which  yon  have  arrived  I  do  not  su^mmb  that 
there  is  any  fnmaoe  at  work  where  they  take  away 
tiieheatedairandtiiehoated  gases  ata  lower  temper^re 
Uian  the  boiler  itself;  itma8tbe,atthelowe8t,inthevid- 
nity  of  250  d^rees;  and  if  we  are  using  water  at  GO  de- 
grees, and  draw  these  gases  down  through  that  water,  so 
as  to  give  up  the  available  heat  to  the  water,  this  quan- 
tity of  heat  will  be  more  than  sufficient  to  work  the 
fan  to  give  the  air  motion. 

1031.  Under  the  present  arrangement,unle88  yon  had 
very  extensive  alterations, — that  is,  if  yon  bad  nothing 
more  than  mere  modificationB,-^woald  it  be  possible  to 
gain  those  advantages  from  tiie  heated  air  passing  into 
the  stack  ? — I  have  no  doubt  that  the  reason  why 
men  have  been  so  long  in  adopting  some  other  plan 
is  because  it  is  a  very  difficult  thing  to  do.  It  upsets 
all  present  arrangements ;  nearly  everything  is  tnmed 
upside  down.  The  hot  air  must  necessarily  go  in  at 
the  top,  and  the  cold  wato-  most  enter  at  the  bottom ; 
but  it  will  certainly  be  done. 

1032.  But  it  is  not  at  present  done  ? — It  is  not 
done,  practically.  The  experiment  of  last  summer 
was  sufficiently  encouraging  to  warrant  the  War  De- 
partment in  going  ftrther,  and  I  look  forward  to 
great  results. 

103.1.  But  at  present  we  have  no  practical  ex- 
perience of  the  advantages  of  such  an  arrangement 
I  had  one  small  furnace  working. 

1034.  (ilfr.  Hartley.')  Tou  see  great  roorti  for 
further  economy  ? — Tes.  At  tbe  present  time  we  do 
not  derive  nearly  the  whole  of  the  heat  from  the  fbd 
in  our  furnaces;  our  stoking  arrangements  are  not 
good  enoo^.  Tlie  present  system  is  much  against 
arriving  at  tike  Adl  measure.  Until  we  have  a  me- 
chanical stoking  arrangement  we  shall  not  reach 
anything  like  14  lbs.,  v^ih  the  best  coal  is  capaUe  of 
evf^mrating ;  it  ia  so  difficult  to  let  in  the  precis^ 
and  varying,  quantity  of  air  with  the  hydit^^  so  as 
to  get  tbe  full  benefit  of  the  oxygen  to  every  foot 
of  the  carburetted  hydrogen  which  &8t  otnnes  o^  «id 
tiien  80  to  proportion  the  qautitim  which  are  w(  in 
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by  die  bridge,  or  the  sides,  or  the  door  of  the  famace, 
and  then  to  give  the  proper  quantity  to  the  carbon 
throagh  ^e  fire  bars ;  so  tliat  in  practice  it  is  not  done 
perfe^y,  and  we  are  just  CDntented  with  doing  the 
best  we  can.  A  great  deal  depends  on  the  stoker. 
Otae  man,  by  keeping  the  damper  in  the  right  place, 
and  preventing  the  heat  frnn  going  away  too  rapidly, 
making  the  ^aaght  too  great,  and  so  keying  np  the 
temperatare  in  the  furnace,  will  be  able  to  increase 
the  duty  1  lb.,  as  compared  widi  another  man 
under  me  same  eircomstonces.  When  we  come  to 
have  a  mechanical  arrangement  of  stoking  we  shall 
be  nearer  to  right.  The  reference  which  was  made 
in  this  room  to  Mr.  Crampton's  system  of  throwing 
in  the  coal  in  the  shape  of  powder  is  in  the  right 
direction.  Mtuiy  years  back  there  was  Stanley's 
patent,  where  the  same  principle  was  carried  out,  but 
the  coal  was  not  ground  quite  so  fine ;  it  however 
answered  admirably.  For  various  reasons  the  world 
has  gone  back  from  these  arrangements  of  stoking, 
but  it  will  be  snre  to  come  to  tiiem  i^;ain,  fbr  they  are 
right  in  principle. 

1  take  ii^  that  a  greater  amount  of  attention 
is  now  paid  to  stoking  thui  iras  paid  to  it  a  few  years 
since  ?-— As  a  rnle,  we  do  not  get  the  best  oiass  a€ 
men  ;  the  w^s  are  not  high  enough.  We  require 
men  with  judgment.  When  the  coal  is  thrown  into 
the  fire,  the  common  notion  is  that  it  b^ns  to  bam 
at  once.  It  is  very  difficult  to  explain  to  a  man  who 
does  not  nnderstand  the  natural  process  of  burning 
the  carbnretted  hjrdrogen  which  first  goes  off  and 
then  the  carbon  to  follow.  It  takes  a  good  deal  of 
instruction  for  an  j^orant  man  to  know  that  there 
ought  to  be  a  ]ittlo  air  put  in  at  first,  and  that  it 
should  gradually  inorease,  and  aflerwarda  that  he 
should  then  diminish  the  quantity  allowed  to  pass 
through  the  door.  Hence  he  teams  to  do  it  by  rote, 
and  manages  the  door  by  rote,  without  being  able  to 
give  A  reason. 

1086.  My  experience  is,  that  whe|«  coal  is  cheap 
the  system  of  stoking  is  a  veir  careless  one,  but  that 
where  they  have  to  pay  dearly  tar  their  eoal,  as,  fi»r 
example,  in  Cornwall,  the  system  of  stoking  is  exceed- 
ingly good.  Placing  the  coal  immediately  within  the 
furnace  door,  it  nndeigoes  the  process  of  coking,  and 
the  whole  matter  wbit^  passes  over  the  heated  coal  is 
consumed,  I  do  not  know  whether  there  can  be  any 
special  improvement  upon  the  stoking  which  is  thus 
carried  out.  All  the  carbon  and  the  carbnretted  hy- 
dn^ra  which  is  evolved  in  the  process  of  combustion 
Kppem  to  combine  with  the  oxygen  of  the  air,  and  to 
pass  off  as  water  and  carbonic  acid  ? — ^But  by  that 
arrangement  you  do  not  get  the  proper  proportions 
of  oxygen  for  the  gas  to  take  its  share  of  the  work, 
and  also  for  the  carbon  to  take  its  full  share.  We 
tUnk  that  we  do  better  1^  not  adopting  that  i^tem. 

1037.  Do  you  adopt  a  system  of  stoking  by  me- 
chanicid  arrangement? — ^No.  We  employ  men,  and 
have  practised  the  system  which  you  are  now  recom- 
mending ;  but  we  do  better  than  that  by  harder  firing. 
We  obtain  nearly  a  pound  more  wato-  by  the  other 
arrangement. 

1038.  With  112  lbs.  of  coal  will  you  get  a  higher 
duty  in  the  same  ei^ne  by  your  arrangement  than  a 
Goraish  stoker  will  get  at  the  present  time? — We 
find  that  we  do  so.  That  system  does  not  give  ns 
the  same  result  as  another  system  will  to  a  certain 
pmnt 

1039.  (Mr.  Martley.)  Tour  engines,  I  presume, 
an  moBUy  high-pressnre  engines? — We  gentvally 
work  at  i^xmt  GO  lbs.  pressure,  but  condense  in  moat 
cases. 

1040.  {ChmrmoH.)  At  the  present  time  you  snp- 
poee  tiiat  there  is  a  considerable  loss  of  coil  by  the 
imperfect  nature  of  our  stoking  ? — ^Yes. 

1041.  And  that  that  is  susceptible  of  considerable 
improvement  ? — ^Yes,  and  that  the  system  of  throwing 
it  in  either  as  gas  or  as  dnst  is  in  the  right  direction, 
and  that  the  world  will  come  to  one  or  other  of  those 
systems,  or  something  still  better ;  that  is  my  opinion. 

1042.  Yoa  think  that  we  shall  tither  have  Mr.  8ie- 
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mens'  process,  namely,  converting  the  coal  into  gas 
in  the  first  instance,  or  else  that  we  shall  employ  it 
in  a  state  of  dnst? — ^Yes ;  it  seems  to  me  to  be  in  that 

direction. 

1043.  Have  you  any  practical  experience  with 
r^ard  to  the  vafne  of  eidior  of  those  systems  ? — ^Not 
much ;  but  I  can  f<n%see  that  1^  ^dier  {dan  we  can 
give  the  oonstituenta  the  proper  quantity  of  air,  which 
is  the  great  thii^  to  do ;  to  ^ve  neither  too  much  nor 
too  litu^  the  one  being  as  bad  as  the  othw. 

1044.  Have  yon  had  any  experience  with  regard  to 
petroleum  ? — I  went  to  see  the  experiments,  and  so 
far  as  I  could  observe  they  were  very  econranical, 
but  I  cannot  give  a  decided  opinion  upon  that  point. 

1045.  It  appears  that  whether  they  blow  in  the 
petroleum,  or  the  dead  oils,  or  the  coal,  or  the  gas, 
they  are  but  steps  in  the  same  direction  ? — Yes. 

1046.  And  you  would  look  to  those  steps  as  pro- 
mising a  groat  economy  in  the  future  ? — Yes.  Seeing 
what  has  been  done  during  the  last  hundred  y^rs,  I 
have  eveiy  reason  to  believe  that  in  the  next  hundred 
years,  with  all  the  discontent  which  now  exists, 
arising  firom  increased  knowledge,  it  will  be  down  to 
one  pound  of  coal  per  horse  power  per  hour. 

1047.  Upon  that  point  I  will  call  your  attention  to 
fact  or  two,  which  rather  appear  to  contradict  that 

supposition.  I  find,  with  regard  to  the  Cornish  pump- 
ing engines,  which  for  a  long  series  of  years  were 
much  better  reported  than  any  other  engines,  that 
the  beat  engines  in  Cornwall  in  1814  only  gave  us 
a  duty  of  30  millions,  or  a  little  above  it,  and  they  go 
on  gradually  increasing  ;  in  1816we  had  50  millions; 
then  it  continues  varying  from  45  to  51  millions,  until 
1828  ;  then  there  appears  to  have  been  a  start  given 
to  i^  elthOT  from  stimnlatiog  the  engineers,  or  from 
some  other  cause,  and  we  at  once  get  the  best  engines 
reported  at  81  millions  ;  and  in  1833,  and  from  then 
tiU  1840,  we  get  tho  best  engines  in  the  coun^ 
reported  as  doing  91,  94,  and  95  millions.  In  one 
especial  trial  of  Taylw's  engine^  in  the  United  Mines, 
tlwre  was  a  duty  of  1 10  millions  given.  But  fl'om 
that  time  to  the  present  there  appeals  to  have  been 
a  strady  decline  in  the  dn^  of  Cornish  engines  in 
Cornwall.  We  find  that  in  1864  the  duty  of  the 
best  engines  had  fallen  back  to  70  millions ;  in  1866, 
it  had  fallen  back  to  67  millions  ;  in  1867  and  1868 
we  have  in  one  case  of  a  new  engine  83  millions ;  but 
last  year  the  three  best  engines  in  the  county  gave 
74  millions,  75  millions,  and  72  millions;  so  that  it 
would  appear  that  we  have  the  engines  brought  up 
to  a  high  state  of  perfection,  and  then  itom  causes 
which  may  be  various,  tiiey  fall  off  in  their  Aaty, 
May  we  not  be  liable  to  the  same  inteiruption  of 
progress  in  the  fhture  ? — Yes,  no  doubt ;  but  we  shaU 
be  kept  np  to  the  collar  by  the  f^ch  and  the 
Germans.  They  are  studying  the  subject  very  closely, 
and  we  shall  be  put  upon  our  mettle  very  soon.  The 
present  system  of  buying  and  selling  engines  is 
altogether  wrong.  So  soon  as  that  is  put  right  we 
shall  quicken  up  to  a  much  higher  system  of  profi- 
ciency. It  is  difficult  to  write  a  specification  which 
will  secure  &ir  competition.  There  are  ways  of  com- 
plying yet  avoiding  the  main  point,  because  the 
system  is  wrong.  Engine  power ^onght  to  be  bought 
and  sold  on  the  principle  of  so  much  work  to  be  done 
during  a  givoi  period,  say  for  the  next  20  years, 
for  a  given  sum  of  money,  indnding  original  cost  of 
plant,  fuel,  repairs,  and  every  otiuor  item  of  workii^ 
expense.    Then  you  would  see  a  great  improvement. 

1048.  {Mr.  Hartley,)  A  man  would  then  have  to 
make  his  will  in  accordance  with  his  contract  ? — Yes, 
bat  much  has  to  be  done.  Taking  100  vears  back,  the 
next  100  yean  will  do  more  than  the  iaat  100  yean. 
What  I  ask  for  is  that  the  coat  of  power  should  be  in 
proportion  to  value  reerived. 

1049.  {Chairman.)  Will  you  plwceed  with  your  re- 
marks upon  the  general  subject? — ^To  take  another 
point,  namely,  the  substance  of  tho  boilei-s,  I  would  ob- 
serve that  for  the  present  form  of  boilers  the  substance 
is  too  thick ;  we  use  too  Iwrge  diameters  ;  by-and-by 
I  have  no  donbt  the  world  will  use  smaller  diameten^ 
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3  ^4       and  T6T7  raadi  thinner  material,  and  all  for  tbe  better 

J.  Arndtmrn^         ^      econcanical  direction. 

Etq.  1060.  Do  your  remarks  eBpeciaUy  refer  to  steel 

—       boilers? — To  steel,  or  something  better.    We  use 

U  Jqly  I860,  gteel  to  s  certain  extent,  and  we  use  iron  very  exten- 
'  '  '  sively.  I  am  of  opinion  tliat  the  ateel  will  supwsede 

the  iron  for  boiler  plates.  Although  it  may  seem  a 
contradiction,  there  is  really  something  in  the  homo- 
geneity of  the  steel  plate  which  makes  it  condoot  the 
heat  quicker  than  the  itTeri^e  of  iron. 

1061.  We  hATe  the  evidence  of  Mr.  Hick  of  Bolton 
on  the  questions  with  which  you  are  now  dealings  and 
he  appoired  to  show  that  there  was  a  very  consi- 
derable advantage  in  the  use  of  steel  boilers,  and 
especially  with  reference  to  the  greater  r^iidily 
with  which  the  heat  was  ccmdncted  than  through  a 
thick  inm  plate.  "Hiat  woold  be  confirmed  by  your 
experience  or  by  yonr  views  ?— Yes  ;  I  quite  concur 
in  that  opinion. 

1052.  Are  you  aware  whether  we  have  any  actual 
experiments  as  to  the  conducting  power  of  iron  and 
steel.  I  am  not  aware  that  thwe  is  any  great  differ- 
ence ? — believe  that  such  statements  liave  been 
published  ;  but  I  cannot  put  my  hand  upon  anything 
bearing  on  the  point.  I  have  a  sort  of  vague  im- 
tnression  that  pure  iron  conducts  more  rapidly  than 
steel ;  but,  notwithstanding  that,  owing  to  the 
faomogenfa^  of  ateel  as  compared  with  iron,  the  steel 
plate  oondncta  the  heat  qnidcer.  The  separation  of 
the  lamina  in  inm  does  not  allow  the  heat  to  step 
over  tiie  intermediate  space,  and,  in  my  expori^ice^ 
the  heat  does  not  pass  so  rapidly  through  inm  as 
tibrough  steeL  If  the  iron  was  as  solid  as  the  steel 
the  passage  of  the  heat  would  probably  be  more  rapid 
through  iron  ;  but  the  iron  is  seldom  so  perfect  as 
the  BteeL  With  equally  homt^eoeous  iron  it  would 
be  as  much  if  not  more  rapid  than  with  steel.  When 
the  world  reaches  a  higher  state  of  knowle^e,  which 
it  may  be  expected  to  do  in  the  course  of  time,  the 
metal  used  ykn  be  neither  iron  nor  steel.  I  do  not 
know  what  it  will  be.  It  may  be  platinum  or  some- 
thing  else. 

lOiSd.  Looking  at,  what  mnst  almost  always  be,  the 
enormous  cost  of  platinum,  I  think  that  there  will  be 
a  barrier  in  that  direction  ? — The  time  will  oome 
when  men  will  venture  to  a  very  hi^  pressnrOi  say 
to  500  lbs.  per  square  inch,  instead  of  150,  as  at 
present ;  when  that  time  comes,  the  sort  of  boiler 
which  we  now  use  Trill  probably  be  superseded  by  a 
very  small  vessel  containing  a  small  quantity  of 
water. 

1054.  Are  you  now  speaking  of  something  like 
Boutigny's  boiler,  which  is  a  boiler  for  producing 
steam  from  spheroidal  water,  that  is  to  say,  water 
dropped  upon  red  hot  platinum  plates  ? — It  was  not 
that  which  I  was  speaking  about.  What  we  are  now 
speculatii^  upon  is  the  future  prospects  of  steam ;  not 
what  we  can  realise  now.  The  world  is  not  yet 
ready ;  it  will  change  gradually  and  steadily. 

1055.  {Mr.  DickimoH.)  There  is  already  a  boiler 
made  with  cast-iron  globes  ?— Tea ;  and  gives  a  good 
result ;  but  I  have  no  doubt  that  the  wwld  most  in 
time  o(H&e  to  a -still  h^her  preasnie,  as  it  takes  tmly 
the  same  amount  of  heat  as  with  a  low  pFessnre  ;  but 
there  is  very  much  more  advantage  in  the  hij^  pres- 
sure due  to  its  expansion. 

1056.  {Chairman.)  Lo<^ing  back  to  what  was 
done  by  Perkins,  of  steam-gun  notoriety,  there  cer- 
tainly appear  to  be  limits  put  to  our  power  of 
producing  steun  of  very  high  pressure.  For  example, 
he  enclosed  water  in  a  Shrapnel  shell,  which,  by 
means  of  a  blast  furnace,  he  brought  up  to  a  very  high 
temperature  ;  but  there  was  not  expansive  power 
snffident  in  ^e  steam  so  generated  to  burst  the  shell. 
That  appears  to  be  tm  objection  agaiast  our  hoping  to 
avail  oursdves  of  those  very  hiffh  pressures  to  which 
yon  refer? — I  concur  in  tlwt ;  out  I  donotwishtogo 
very  high.  J  only  went  to  five  hundred,  and  have  no 
donbt  that  we  &all  reach  500  as  knowledge  in- 
creases. 

1067.  Beyond  the  boiler,  what  would  you  look  to  as 


the  next  point  ?— Terr  dean  and  very  thin  boners 
would  be  in  the  direcwmof  economy  ;  and  if  we  ever 
reach  in  daily  practice  12  lbs.  of  water  evaporated 
with  a  pound  of  coal,  we  shall  have  done  veiy  weL 
We  next  come  to  the  question  of  turning  the  steam 
into  actual  work,  which  is  the  worst  part  of  our 
apparatus  at  present.  Steam  engines  are  improving 
rapidly  ;  smaller  engines  at  a  higher  speed  are  now 
being  employed.  We  have  never  subjected  the  steun 
to  any  duty  which  it  has  not  done  in  the  way  of 
speed.  It  follows  the  800  feet  as  well  as  the  220 
feet  that  we  wore  familiar  with  a  few  years  ago,  and 
it  will  go  twice  as  fast  as  that ;  but  to  do  so  every- 
thing in  regard  to  fitments  has  to  becMoe  better,  so  as 
to  a^>t  it  fw  a  high  speed.  A  small  engine  driTSo 
at  a  high  speed,  with  an  entnrmous  pr^nre,  grest 
expansion,  and  cat  off  on  the  principle  upon  whieh  tlie 
best  ei^ines  are  now  w<»'king,  namely,  by  making  the 
governor  a  sort  of  coiwulting  engineer,  detorminiog 
when  to  cut  o^  and  not  leaving  it  to  the  mere 
opening  and  closing  of  a  throttle  valve,  as  has  been 
done  up  to  the  present  time — a  vast  has  to  be 
done  in  these  directions. 

1058.  We  have  been  steadily  advancing  in  ^ 
direction  &om  the  days  of  Watt  to  the  present  time? 
— Yes.  Thirty  yesrs  ago  thwe  weze  many  engines 
using  12  lbs.  per  horse  power  per  hour,  and  they  are 
now  down  to  2^. 

1059.  I  understand  you  to  say  that  you  see  that 
the  present  time  oonsiderafale  advancea  are  being  made 
in  Uie  improvement  of  the  matddneiy  ? — Yes,  very 
peat.  At  the  {Hresent  time  numy  of  these  improve- 
ments are  carried  out  In  a  rather  complicated  manner ; 
that  seems  to  be  the  natural  way  of  going  to  work ; 
but,  mixing  with  so  many  engineers,  I  see  nesh  notiom 
coming  up  every  day  for  securing  the  same  result  by 
simple  means,  and  doing  away  with  some  parts  of 
the  complicated  apparatus.  In  certain  engines  which 
have  recently  been  made  for  the  Melbourne  nunt  in 
Australia  there  are  none  of  the  complicated  airange- 
menta  which  we  often  see  ;  but  there  are  all  the  m&in 
points  of  short  passages  and  instantaneoiu  openiag, 
and  instantaneous  oloung,  and  all  at  the  precise  time, 
the  steam  cut  off  being  r^ulated  by  the  governor, 
and  then  the  exhaust  kept  open  during  ^e  whole 
time  of  stroke.  A  vaat  deal  has  to  be  dtmeinall  these 
directions.  It  is  only  now'that  men  are  b^inning  to 
be  discontented,  and  that  is  the  most  ht^Mral  tyng 
of  all;  few  are  satisfied,  and  nuuy  are  dissatisfied 
with  present  results. 

1060.  Notwithstanding  all  that  has  been  dime? 
Yes. 

1061.  {Mr.  Hartley,)  The  genera]  ooncloBion 
which  we  may  draw  from  your  opinion  is,  that  we 
have  by  no  means  arrived  at  a  satis&cfany  point  in 
the  generatitHi  of  steam  ?— Jost  so  ;  we  hsva  only 
commenoed. 

1062.  And  that  there  is  a  lai-ge  maigin  for  economy 
in  the  use  of  fiiel  ? — ^A  very  large  margin.  I  do  not 
suppose  that  we  shall  ever  reach  the  whole,  bat  if 
man  ever  reaches  to  one  half,  it  will  be  five  times 
more  than  -we  do  now  with  our  best  engines^  sad 
man  mil  reach  that  sane  day.  Until  the  last  few 
years  man  did  not  know  how  much  work  there  wsb 
in  heat ;  it  is  that  knowledge  which  has  done  so  modi 
good  in  creating  dissatisfaction.  The  good  which 
now  being  done  I  think  is  entirely  due  to  the  Imow- 
ledge  of  Joule's  equivalent  of  heat  and  work  being 
convertible.  I  believe  that  it  is  more  doe  to  that 
than  to  any  other  cuise,  and  this  as  a  clue  will  lead 
in  many  directions. 

1063.  {Chairman.)  His  very  beautiful  iUustrstiooe, 
commoidng  with  the  degree  of  heat  generated  by  the 
fall  of  a  givui  weight  through  a  measured  space,  bxve 
undoubtedly  led  us  in  the  right  direction,  but  etiU 
that  is  purely  a  theor^ical  de&ctim,  and  I  f^ar  that 
at  the  present  time  there  are  not  many  of  onr  prscticBi 
oigineers  who  are  working  up  to  that  poin^with  s 
knowledge  of  that  branch  of  philosophy  P-^nt 
rising  generation  will  do  it.  You  cannot  expect  the 
m^ority  of  the  present  race  of  engineers  to  dff  1^ 
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although  many  are,  becanee  it  is  quite  a  new  doctriae^ 
and  men  are  not  ready  for  it ;  it  will  take  another 
generation  before  the  majority  are  ready  for  a  thing 
of  that  kind.  The  French  have  seised  hold  of  it, 
and  their  younger  engineers  are  working  upwi  it, 
and  so  are  the  Grermans,  and  so  are  our  yonnger 
eiigineen. 

1064.  But  in  [practise  we  find  that  none  of  the 
oontinental  engineers  are  {undacii^  results  which  are 
equal  to  those  which  are  being  product  by  the 
En^^ish  engineers  ? — Without  giving  sufficient  atten- 
tion to  Ae  BQlgeet  to  be  able  to  say,  I  should  not  like 
to  flatter  niyielf  with  that  dangeroas  idea.  I  was  a 
juror  at  iJie  Pmna  Exhibition^  and  I  was  vety  much 
struck  with  the  points  of  eoonomy  in  many  of  the 
foreign  engines,  and  so  were  all  the  jurors  tiiat  I 
mixMl  with.  As  regards  onr  own,  Messrs.  Simpwni  of 
Pimlico  have  probably  done  about  the  best  in  pumpii^ 
engines  of  any  in  the  world, 

1065.  I  have  here  some  rep<^  given  by  Mr. 
Thomas  Hawkey,  in  which  as  r^ards  the  engine 
at  the  Chelsea  Water  works,  I  find  111  millions 
given  as  the  duty  done  ? — ^That  is  a  great  deal. 

1066.  I  have  also  a  report  by  Mr.  Joshua  Field,  by 
whii^  it  sppeem  that  there  wae  a  duty  of  103  millions 
by  one  wgine,  and  of  97  millions  by  another,  and 
there  is  another  report  Mr.  Hawkdey  of  95 
xoiUiona ;  and  I  am  told  that  die  Messrs.  Simpson  have 
reeentfy  ereeted  on  engine  in  Belginm,  the  duty  of 
which  has  been  above  100.  nrilHone.  I  do  not  exactty 
remember  tiie  amount,  but  I  think  diat  it  is  105 
millions,  showing  that  they  are  constructing  .engines 
which  are  doing  a  very  high  duty  ;  and  the  fact  of 
their  making  engines  for  the  continent  shows  that 
they  are  aware  that  the  engines  constructed  by 
English  engineers  are  of  a  higher  standard  than  those 
which  are  at  present  constructed  upon  the  continent  ? 
— would  not  look  at  the  present. 

1067.  But  we  must  look  at  the  present  in  order 
to  reach  the  future  ? — think  that  it  would  not  be 
safe  to  be  gnided  by  the  present  in  thinking  of  the 
Aiture.  No  one  in  jSavery^s  time  could  have  formed 
an^  notion  of  onr  time.  What  I  think  is  that  the 
rising  generation  is  becoming  so  impressed  with  the 
poBsibihty  of  what  can  be  done,  that  it  wiD  1»ing 
a  new  state  of  things  into  existence. 

1068.  (Mr,  Hartley,)  For  the  purpotes  of  com- 
parison, yon  must  always  refer  to  the  present  state  of 
things? — If  that  must  be  the  case  then  it  is  still  all 
right,  our  taking  that  view.  We  have  come  down  from 
^th  to  Y^ffth  dtiring  200  years  so  that  if  we  go  on  in 
the  same  way  and  which  I  believe  we  shall  do  for  the 
next  thousand  years. 

1069.  {Chairmafu)  Is  there  any  other  point  upon 
which  you  would  desire  to  express  your  views  to  the 
Committee  ? — No,  I  think  not  j  it  is  a.  very  large 
subject  to  go  thoroughly  into. 

1070.  (Mr.  HarOey.)  As  to  the  mtroduction  of 
Siemens*  furnace,  what  is  yow  experience? — ^It  has 
been  fiannd  troublraome.  Those  who  use  it  ue  not 
wtiafled  with  its  performance,  and  it  is  not  used  with 
ns  atpresenl 

1071.  Are  you  satisfied  with  the  prindple  ?— Yes, 
I  am,  when  compared  with  hand  stoking. 

1072.  But  stUl  there  is  difficulty  in  the  arrange- 
ment ? — ^Yes.  I  think  that  the  dust  arrangement  will 
answer  better  in  practice. 

1073.  You  refer  to  Crampton's  system? — Yes.  I 
do  not  think  that  it  is  very  far  wrong.  .1  think  that 
if  we  had  the  dust  thrown  into  our  furnace  with  a 
measured  volume  of  air,  aad  the  chimney  done  away 
with  and  superseded  by  mechanical  means,  we  should 
make  a  lai^  addition  in  the  quanti^  of  water  evapo- 
rated 1^  a  pound  of  coal. 

1074.  You  think  that,  there  is  room  for  great 
eoonuny  In  that  respect,  although  we  ia»^  not  now 
have  fait  upon  the  best  practical  arrangement  ? — ^Yes ; 
I  think  that  it  will  make  a  difference  of  2  lbs.  when 
we  know  how  to  throw  in  the  right  quantity  of  air, 
neither  more  nor  less,  and  then  to  take  up  all  the 
heat  as  it  passes  away  in  the  mannor  already  stated. 
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1075.  (Chairman.)  1  iinderatand  that  there  ia  » 
process  in  use  in  Greiinany  for  burning  the  small  coaL 
I  think  that  it  is  a  st^  by.  st^  process  ?— Yes ;  I 
think  that  it  is  in  Silesia. 

1076.  .Do  yon  know  anything  of  it ?~Not  much. 
We  carried  out  one  furnace  on  a  modification  of  the 
arrangement  at  one  time,  as  a  mode  of  preventing 
smoke,  which  answered  very  well ;  but  I  do  not 
recollect  sufficient  of  it  to  speak  with  confldenoe. 

1077.  I  believe  that  that  particular  prooeee 
consists  in  allowing  the  small  coal  to  fall  ovw,  as  it 
were,  a  series  of  steps,  taking  the  air  at  every 
8t^? — ^Yes;  it  is  apparently  very  good. 

1078.  It  appeared  to  me,  in  die  direotimi  of 
economy,  to  be  a  good  process?— .Yes ;  but  it  is 
as  bad  to  give  too  much  air,  as  too  little. 

1079.  (Mr.  JMckimon.)  In  the  evaporative  power 
of  coal  which  you  have  been  speaking  of  do  you 
include  the  getting  up  of  the  steam  ?— Yes. 

1080.  It  will  make  a  great  difference  whether  the 
engine  runs  continuously  all  the  week,  or  whether 
the  steam  has  to  be  got  up  each  morning  7— We  get 
the  highest  duty  from  the  boilers  whioh  go  n%ht  and 
day.  Where  there  is  only  the  Monday  morning  light- 
ing eight  pounds  is  not  ^fficult  to  reach. 

1081.  Have  you  separated  the  quantity  of  coal 
which  is  required  fior  that  purpose  ? — It  is  genendly 
about  7  cwt.  or  8  ewt.  which  is  required  to  set  tbte 
IxHler  going  on  Mxmday  monUng. 

108^  la  ascertaining  the  amount  of  coal  used, 
have  you  any  means  cf  ascertaining  what  amount  of 
moisture  there  is  in  the  coal  ? — I  have  not  gone  into 
that  question,  but  1  know  that  there  is  a  great  deal 
of  moisture  from  the  reduction  of  the  temperature  in 
a  furnace. 

1083.  Coal  which  is  exposed  to  wet  absorbs  a  very 
large  quantity  of  water  ? — ^No  doubt  of  it.    It  is 
the  better  for  being  under  a  shed,  and  it  is  all  the 
better  for  being  new  coal,  as  it  loses  greatty  from 
being  kept 

1084.  Ab  r^ards  superseding  Ihe  chimney,  you 
are  quite  aware  that  there  are  many  engines  which 
are  worked  for  specific  piirposes  where  there  is  only 
one  engine.  If  you  did  away  with  the  engine  yon 
would  require  a  donkey  engine,  or  some  means  of 
getting  power  to  start  your  &n  b^oreyou  had  actually 
got  up  your  steam  in  your  boiler? — Yes ;  or  fbr  that 
matter  you  might  have  the  chimney  to  start  with, 
if  no  better  plan  suggested  itself. 

1085.  How  would  you  propose  carrying  that  out  ? — 
I  did  not  propose  any  definite  plan.  I  merely  stated 
that  the  quantity  of  heat  which  passes  away  is  capable 
of  doing  far  moi-e  work  than  the  power  which  ia 
necessary  to  drive  a  fan  to  make  a  draught.  I  did 
not  point  out  any  plan,  beyond  drawing  the  gases 
downwards,  and  the  water  ascending  upwards. 

1086.  But  Btill  those  are  little  difficulties,  not  in- 
su^terable,  which  would  have  to  be  got  over  ? — ^Yes ; 
it  IS  apparently  a  most  awkward  arrangcanent  to  take 
the  heat  in  at  the  top  of  the  boiler,  and  to  take  it  out 
at  the  bottom.  Everytlung  apparently  may  seem 
agunst  if^  but  it  will  lie  done  Kff  all  that,  because  it 
is  light  in  principle,  for  the  cold  water  to  rise  up 
and  to  get  hotter  and  hotter,  and  for  the  hot  air  to 
descend  and  to  get  colder  and  colder.  It  will  ulti- 
mately come  to  that  or  some  better  plan.  Man  will 
never  leave  this  waste  heat  alone  nntal  he  secures 
some  of  it. 

1087.  You  do  not  consider  that  the  stokers  are  a 
sufficiently  high  class ;  yon  think  that  they  are  not 
sufficiently  remunerated  ? — ^Yes  j  that  is  my  impression. 
We  do  not  get  a  very  good  class.  I  am  afraid  that 
you  would  not  get  men  to  be  stokers  with  sufficient 
intelligence  for  Uie  wages  which  are  now  ptud. 

1088.  In  the  works  of  which  you  have  Uie  manage- 
ment is  Uiere  any  allowance  given  by  the  manu&o- 
tnrers  to  the  stokers  over  and  above  we  wages  irtiich 
are  given  to  the  stt^ers  ? — ^Ko ;  we  find  that  it  ia 
rather  the  other  way. 

1089.  Are  you  aware  that  in  certun  parts  of  the 
country  there  is  a  practice  of  the  coal  vendors  giving 
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B76       2dlofr3d.atontotbe  atoken       did  not  know  of 

JSsj.  1090L  If  Ton  knew  tlut  such  a  practice  prerailed, 

— —        yon  would  wink  it  Tory  desirable  that  a  hig^r  dasB 
16  Jaty  1889.       workmen  should  be  appointed  so  as  to  supersede 
BQch  a  very  objectionable  practice  ? — ^Yes. 

1091.  Mr.  Vivian  has  t^own  us  a  mode  by  which 
he  heats  his  copper  furnaces.  It  is  by  constantly 
having  a  full  supply  of  coal  on  the  furnace,  and  draw- 
ing oil  the  air  through  the  coal  ? — That  is  very  good ; 
it  is  two  hundred  years  old.  Fepin  was  the  inventor, 
I  think. 

1092.  Bo  you  consider  it  preferable  to  the  present 
^stem  ? — ^It  is  very  good.  I  have  seen  it  many 
times,  but  it  is  more  trooUesome  than  the  indinary 
plan. 

1098.  Then  there  is  Duke's  revolTi^;  pkte?— It  is 
very  good.  There  are  certun  objections  to  it,  bat  it 
is  better  than  what  we  have  now. 

1094.  Has  it  not  surprised  you  that  these  plans 
have  not  come  into  operation  ? — It  is  surprising  ; 
but  the  vis  inertia  of  man  is  so  great.  The  Stanley 
process,  which  was  the  forerunner  of  Mr.  Crampton's, 
answered  admirably  and  most  satisfactorily,  and  yet 
it  went  out  of  use.  It  was  far  better  than  manual 
stoking.  ' 

1095.  You  did  not  speak  very  hopefully  of  Mr.  Sie* 
mens'  process.  Do  you  not  think  that  where  coal  of 
an  inferior  quality  is  to  be  used  such  a  process  as 
Mr.  Siemens'  may  be  very  advuitogeous  ? — Most 
decidedly.    If  engineers  would  go  into  gasworks 
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more  than  they  do  there  would  be  a  lesson  for  them. 
The  gaamaker  puts  inferior,  coal  into  'a  r^ort,  and 
drives  oot  his  10,000  cubic  feet  of  gas,  and  with  the 
coke  remaining  he  gets  very  nearly  the  whole  of  the 
heat 

1096.  So  that  perhaps  an  apparatus  suited  to  one 
description  of  coal  may  not  be  suited  for  an  inferior 
or  a  different  description  of  coal  ? — That  may  be  so  ; 
but  man  is  sure  to  go  in  the  direction  which  will  be 
likely  to  give  him  the  whole  of  the  heiu  of  the  coal ; 
thera  is  no  doubt  of  that. 

1097.  I  believe  that  Gnunpton's  process  ia  suitable 

for  coal  retaining  dirt  as  wdl  as  Siemens*  process  ?  

Yes ;  I  think  that  it  is  vety  likely  to  come  into  very 
extensive  use. 

1098.  {Chairman^  I  understand  you  to  aay  that 
yon  expect  the  infeiior  coal  used  by  Semens,  some 
sni^  process,  to  do  a  doty  equal  to  that  {ffoduced  by 
a  belter  dass  of  coal ;  bat  surely  it  will  be  regulated 
\(y  the  gaeeons  constituents  of  the  coal  so  employed, 
wUI  it  not  ? — No  doubt  the  coal  which  gasmakera  use 
is,  as.  a  rule,  a  very  'poor  co^  and  they  get  between 
9,000  and  10^000  cubic  feet. 

1099.  You  do  not  mean  that  coal  which  is  really  of 
an  inferior  character  will  be  made  to  podace  a  du^ 
equal  to  that  of  a  better  class  of  coal  ?— No. 

1100.  But  you  refer  to  a  gaseous  coal,  and  you 
mean  that  upon  the  volatile  constituentB  in  the  coal 
will  depend  the  fiuit  wh^ber  it  can  be  converted  into 
a  gaseous  <x  Ternary  stat^  or  not  ? — ^Yes. 

withdrew. 
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  1101.  {Chmrman.)  You  are  by  professiim  a  me- 

16  July  1869.  diaoical  engineer  ? — Ym. 

  1102.  And  you  have  had  a  long  experience, 

especially  in  pumping  engines  in  the  metropolb  ? — 
Yes  ;  I  have  had  a  good  deal  of  experience. 

1  lOS.  Am  I  correct  in  supposing  that  you  erected 
the  first  Cornish  engines  at  Old  Ford  No ;  I  never 
had  anything  to  do  with  the  engines  at  Old  Ford. 
The  engines  which  I  designed  and  directed  were 
those  which  were  made  by  Simpson  and  Company  for 
the  Chelsea  and  Lambeth  Waterworks,  and  likewise 
the  New  River  Water  Company.  I  was  the  engineer 
of  Simpson  and  Company's  works.  At  that  time  I 
had  the  entire  designing  and  carrying  out  of  the 
work  for  those  engines  ;  in  fact  those  engines  which 
have  lately  been  mentioned  as  having  been  reported 
upon  by  Mr.  Field  and  Mr.  Hawksley  were  dragned 
and  carried  out  by  me. 

1104.  Within  your  experience,  has  there  or  has 
there  not  been  a  prc^ressive  improvement  in  that 
particular  class  of  engine  ?-AYeB,  I  think  that  there 
has  bcfm.  There  is  a  very  great  improvement  since 
I  can  remember,  which  is  some  25  or  30  years  ago, 
but  there  has  always  been  a  remarkable  exception, 
which  you  mentioned  during  Mr.  Anderson's  evi- 
dence,  with  respect  to  the  Cornish  engines. 

1105.  In  what  directions  have  the  improvements 
generally  taken  place,  that  is  to  say,  in  the  better 
class  of  engines  employed  for  the  waterworks  round 
London  or  for  similar  purposes  ? — Tlie  improvement, 
I  think,  may  almost  be  considered  to  resolve  itself 
into  an  increase  of  pressure  in  the  boiler,  which  has 
been  going  oh  continuously,  and  carrying  out  to  a 
greatOT  extent  the  system  of  the  expansion  of  the 
steam,  and  that  has  been  done  in  a  single  cylinder 
in  the  Cornish  engines,  and  in  two  cylinders  in  the 
larger  sized  pumping  engines  which  have  been  made 
under  mydirection. 

1 106.  Do  yon  suppose  that  we  have  reached  or  nearly 
reached  the  Umits  to  which  expansion  can  be  carried  ? 
— No^  I  do  not  think  that  we  have.  I  think  that  we 
will  go  on  and  get  more  and  more.  But  my  notion 
is  that  the  saving  in  coal  by  carrying  out  these 
improvements  is  not  by  any  means  all  saving  in 
expenditure ;  and  my  impression  is  that  it  is  simply 
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the  discovery  of  that  fact  which  has  led  to  the 
Cornish  engines  notgiving  quite  such  good  results  as 
they  used  to  do.  They  find  that  where  there  is  a 
very  great  economy  of  coal  they  are  subjected  to 
other  expenses. 

1107.  (Jtfr  Bartley.)  But  it  is  counterbahmced  ?— 
Yes ;  it  is  counterbalanced  to  some  extent  by  agreater 
expense  in  other  directions.  Of  late  years  I  chink 
that  probably  the  greatest  adyance  in  economy  of 
coals  has  been  effected  in  ocean  steamers.  The 
general  increase  of  economy  has  been  veiy  great  in 
such  vessels  within  the  last  10  or  15  years,  ^nd  I 
believe  that  that  entirely  arises  from  this  circnm- 
stance,  that  the  length  of  the  voyages  in  those 
steamers  in  general  use  has  been  enormously 
increased,  and  that  leads  to  Uie  coal  costing  a  great 
deal  more  money  than  it  does  on  short  sea  voy^es, 
because  the  cost  of  the  coal  at  the  port  is  the  ksst 
part  of  the  expense  of  it ;  they  have  to  cany  it  over 
a  good  many  thousand  miles,  and  therefore  it  is 
worth  while  to  take  considerable  care  in  the  saving 
of  this  coal  when  thOT  have  got  it. 

1108.  {Chairmtm^  Hie  argument  from  that  is, 
that  as  coal  increases  in  price  there  will  be  a  greater 
economy  exerted  ? — Yes,  certainly. 

1109.  And  the  study  will  be  to  exert  economy  in 
every  direction  as  we  go  on  increasing  the  cost  of 
coal  ? — Yes  j  if  the  cost  of  coal  increases  I  have  no 
doubt  that  there  will  be  a  great  deal  of  further 
economy  achieved  in  its  use. 

1110.  {Mr.  Hartley.)  There  are  Stronger  induce- 
ments to  the  economical  consumption  of  fuel  in  some 
cases  than  in  others  ?— Yes. 

nil.  In 'ocean  steamo-s,  for  instance,  where  every 
day. adds  to  the  cost  of  the  ihel     carriage  P  Yes. 

1112.  There  are  stronger  inducements  in  that  case 
than  in  the  case  of  a  stationary  engine  where  the  cost 

of  the  fiiel  is  the  same  under  all  circumstances  ?  

Quite  so ;  and  if  the  cost  of  the  coal  were  to  be 
increased  50  per  cent,  we  should  all  be  interested  to 
incm-  a  good  deal  more  trouble  and  expense  in  trying 
to  diminish  its  consumption,  and  no  doubt  we  should 
do  so. 

1113.  {Chairman.)  Under  the  existing  ^TStem^I 
mean  the  existmg  price  of  coal,  and  so  on,— is  there  any 
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prospect  that,  in  such  engines  as  the  pumping  engines 
of  the  Chelsea  and  the  other  waterworks  around 
London,  there  is  likely  to  be  any  greatly  increased 
economy  ? — I  think  that  what  I  have  just  eaid  applies 
to  them  as  well  as  to  other  works.  If  coal  costs 
snwe,  the  country  will  effect  greater  economy;  but 
whether,  as  a  matter  of  fact,  within  the  next  10  or  20 
years  a  very  material  addition  to  the  economy  will  bo 
effected  I  think  is  very  doubtful,  under  present 
cirenmatauceB.  There  are,  however,  some  cir> 
cumstances  which  I  think  will,  even  without  in- 
creased expenditure,  give  rise  to  a  greater  amount 
of  economy.  Our  materials  will  improve.  Using 
high  pressures  involves  a*greater  strength  of  materials 
of  the  boilers  and  furnaces,  and  everything  belonging 
to  them.  Those  materials  are  becoming  gradually 
improved ;  we  are  getting  steel  and  other  materials  in 
the  place  of  iron  ;  the  iron  itself  has  been  improved ; 
and  60  with  regai'd  to  materials  and  workmanship ; 
they  are  being  gradually  improved,  or  rather  good 
workmanship  is  becoming  more  general;  and  all 
those  things  will  lead  to  a  moderate  increase  of 
economy  without  any  corresponding  increase  of  cost 
in  -  engines  or  repairs.  But  the  great  source  of 
economy  in  steam  power,  no  doubt,  is  to  raise  the 

firessure.  I  do  not  know  that  we  shall  get  up  to  500 
bs.,  as  Mr.  Anderson  spoke  of,  but  there  certainly  is 
not  much  difficulty  in  getting  much  mora  than  is  now 
in  general  use.  With  regard  to  pumping  engines,  if 
I  had  any  further  engines  to  design  for  waterworks, 
and  were  allowed  to  use  my  own  judgment  in  the 
matter,  I  should  certainly  use  at  least  doubly  if  not 
treble,  the  pressure  now  generally  adopted. 

1114.  {Mr.  Hartley.)  What  is  your  average  pres- 
sure now? — They  generally  work  from  40  lbs.  to 
50  lbs. 

1116.  And  you  would  get  up  to  100  lbs.  ? — ^Yes  ; 
under  present  circumstances  I  thiok  that  there  would 
be  no  difficulty  whatever  in  that. 

1116.  {Chairman.)  Would  l^at  enable  you  to 
reduce  the  size  of  the  engines  ?  Would  it  en^le  you 
to  reduce  the  cylinder? — It  would  reduce  the  size  of 
the  cylinder,  but  not  materiidly  of  anything  else  in 
the  engine. 

1117.  Has  there  been  any  other  advantage  derived 
from  increasing  the  size  of  the  cylinder,  from,  say, 
60  to  100  inches  ? — I  cannot  speak  from  experience 
with  regard  to  going  up  to  100  inches,  but  I  should 
im^ine  that  there  is  au  economy  to  a  certain  extent, 
but  only  a  small  one. 

1118.  Are  there  not  some  engines  round  London 
of  100  inches  ? — I  believe  so. 

1119.  Tou  would  consider  that,  looking  at  the 
Bessemer  process,  and  other  processes  which  appear 
to  be  productive  of  a  better  material  at  a  less  cost 
than  at  present,  we  may  look  to  that  source  for  an 
improred  constroction  of  our  engines,  by  enabling 
than  to  perform  a  higher  duty  with  a  smaller  amount 
of  coal  ? — ^Yes  ;  I  may  also  say  that  I  quite  agree 
with  a  great  deal  whidi  Mr.  Anderson  said  about  the 
improvement  of  furnaces  and  the  burning  of  coal. 
I  think  that  that  is  a  lino  of  improvement  which  at 
present  promises  very  considerable  advant^;e. 

1120.  {Mr.  Hartley.)  That  is  the  stoking  ques- 
tion ? — ^Yes ;  both  the  stoking  and  the  manner  of 
burning  the  coal  altogether  ;  but  still  that  is  a  matter 
of  opinion  and  speculation.  I  think  that  it  promises 
well,  but  that  is  ail  that  can  be  said  of  it  at  present. 

1121.  {Chairmtm.)  Do  you  think  that  manonl 
8t(&ing  is  to  be  superseded  by  mechanical  arrange- 
ments, with  considerable  advantage  ? — I  think  that 
there  is  a  flair  chance  of  manual  stoking  being 
aboliBfaed,  to  a  considerable  extent,  in  large  works.  I 
do  not  luiow  that  it  would  pay  in  smul  establish- 
ments, but  in  laige  works  I  Uimk  that  it  mi^t  be 
carried  out  with  considerable  advantage.  The  plan 
which  is  being  now  not  proposed  for  the  first  time, 
but  practically  carried  out  for  the  first  time,  of 
burning  coal  dust,  I  think  promises  very  fairly 
indeed. 

J  1122.  Are  there  any  special  points  to  which  you 
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wonld  desire  to  refer  in  answering  this  question  as  to      B  77 
the  probable  economy  of  coal  in  the  future  in  the    j>.  Thomum, 
production  of  sLeam  powo-? — ^It  is  a  matter  of  £»g. 
opinion.   My  opinion  is  that  there  will  be  a  cer-  j'7~ 
tain  moderate  and  Steady  progress  in  economy  of  ^^Jwy  1868, 
coal,  ultimately  reaching  to  a  considerable  extent 
beyond  what  we  are  now  doing. '  This  will  follow 
naturally  from  improving  die  manufacture  of  steam 
engines  ;  but  the  great  stimulus  will  be  the  price  of 
coal,  and  I  think  ^at  it  will  e£fect  an  economy  of  from 
one-third  to  one-half,  compared  with  what  is  now 
generally  done,  provided  the  price  rises,  but  it  needs 
a  stimulus  of  th^  kind. 

1123.  If  coal  is  cheap,  or  remuus  nt  the  present 
price,  there  will  not  be  any  great  advance  ? — No  ;  or 
at  least  not  a  very  rapid  one. 

1124.  But  an  advance  of  a  few  shillings  a  ton. 
wonld  very  much  stimulate  economy  in  its  use  ? — 
Yes.  As  an  example  of  that.  I  believe  from  all  that  I 
have  seen  that  we  pay  no  more  for  coal  per  horse 
power  per  hour  at  this  moment  in  London  than  they 
do  in  Staffordshire. 

1125.  (Mr.  Hartley.)  You  cannot  form  a  com- 
parison, inasmuch  as  you  use  in  London  the  very 
highest  quality  of  coal ;  whereas  iu  Staffin'dshire  it  is 
difficult  to  call  it  (»al ;  it  is  really  dirt  ? — ^Yes ;  but  I 
think  that  if  you  took  the  money  which  is  paid  in 
Staflbrdshire  per  horse  jMwer  generally  over  the 
coun^,  and  not  in  particular  worl^  it  would  come  up 
to  what  is  paid  per  ^orse  power  in  London,  and  that 
just  shows  the  great  influence  which  the  price  c£ 
coal  has  upon  its  consumption. 

1 126.  (Chairman.)  Iu  the  engines  within  your 
own  immediate  knowledge,  what  will  be  the  quantity 
of  coal  used  per  horse  power  per  hour?— From  what 
I  have  seen,  I  think  that  what  Mr.  Anderson  said 
gives  a  very  fair  version  of  what  one  would  find, 
taking  large  and  small  places,  and  taking  the  general 
run  of  them  in  London.  I  should  imngine  that  th^ 
are  burning  from  6  lbs.  to  6  lbs.  per  horse  power  per 
hour ;  but  in  huge  establishmenta  and  water  com- 
panies they  are  not  bnming  much  more  than  half  that 
amount* 

1127.  About  3  lbs.?— Yes,  about  3  lbs.,  I  shonld 
think.  There  is  another  point  which  mateiially 
afiects  the  economy  of  coal  in  London  and  in  a  great 
many  places,  namely,  the  impossibility  of  condensing 
steam  from  the  want  of  water;  A  gieat  many  of  tlie 
non-condensing  engines  which  are  now  used  iu  London 
are  used  because  they  cannot  get  water  to  condense 
the  steam. 

1128.  What  kind  of  boilers  are  employed  in  these 
engines  ? — As  far  as  my  knowledge  goes,  tlie  boilers 
which  are  used  in  the  waterworks  and  ahnost  all  the 
large  establishments  are  Cornish  boilm^. 

1129.  (Mr  VivioM.)  With  the  fire  in  the  tube?— 
Yes. 

ilSO.  Have  yon  ever  tried  a  Cornish  boiler  with 
the  fire  underneath  ? — ^Yes  j  and  I  have  always  found 
it  a  very  bad  plan,  on  account  q£  the  extreme  destruc- 
tion of  the  boiler. 

1131.  That  is  to  say,  if  the  boiler  is  neglected? — ■ 
Whether  it  is  neglected  or  not,  the  sediment  collects 
at  the  bottom  of  the  boiler  where  it  is  exposed  to  the 
fire.  In  fact  I  quite  agree  with  the  dcctrine  promul- 
gated by  fire  insurance  companies,  that  external 
firing  is  to  be  avoided.  And  I  think  that  we  shall 
have  no  heat  implied  to  the  external  casing  of  the 
boiler  at  alL  I  think  that  that  will  be  the  direction 
in  which  improvement  will  prepress,  and  by  that 
means  we  avoid  i^idying  the  beat  to  the  thick 
plates,  and  a  great  portion  of  the  heat  will  be  taken 
throng  tubes,  whidi  can  be  made  of  about  an  eighth 
of  an  inch  thick,  and  which  will  make  it  much  more 
easy  to  apply  high-pressure  steam. 

1132,  (Chaimum.)  Have  you  any  experience  of 
steel  boilers  ? — ^I  cannot  say  that  I  have  any  experi- 
ence of  them,  but  I  have  no  doubt  that  steel  will  be 
more  used  for  boilers.  I,  however,  think  that  tubular 
boilers  will  become  more  and  more  used^  and  that  less 
heat  applied  externally  will  make  the  qaestion  of 
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3  steel  of  lese  importance,  because  then  the  great  bulk 

J>.  T^muon  ^  passed  to  the  water  by  mesas  of 

'  Eaq.    '    small  tubes,  which  may  be  either  iron  or  steeL 
—  1133.  Have  you  applied  Galloway's  tubes  or  any 

leJolylses.  arrangement  of  that  description? — Yes;  I  have 
affiled  Galloway's  tubes,  and  I  think  them  very 

^od. 

1184.  You  think  them  advantageous  as  api^ied  to 
Conisfa  boilOTs  ? — ^Yes;  but  that  is  not  what  I  call 
a  tubular  boUer.  What  I  mean  by  a  tubalar  boiler  is 
a  boiler  made  with  small  tubes. 

1135.  (Mr.  narUey.)  On  the  locomotive  principle? 
—Yes. 

1 136.  {Mr.  Vivian.)  At  what  pressure  of  steam  do 
you  generally  work  ? — It  depends  entirely  upon  cir- 
cumstances ;  improvement  in  economy  of  fuel  always 
goes  with  increasing  the  pressure.  In  a  manufactory 
where  there  ore  steam  engines  and  boilers  of  different 
ages,  it  is  always  found  that  the  newest  ones  have  the 
highest  pressures,  and  so  they  go  on  step  by  step,  and 
I  think  that  they  might  go  on  a  good  deal  &ster.  If 
you  proposed  100  lbs.  pressure  to  a  person  who  had 
only  used  40  lbs.  pressure,  he  would  say  that  he  would 
be  blown  up,  and  before  luving  100  1m.  he  would  try 
60  lbs.,  and  so  it  goes  on. 

1 187.  What  pressure  do  you  practically  use  ? — In 
common  condensing  engines  we  work  at  from  80  Iba, 
to  40  lbs.,  and  in  new  condensing  engines  at  from 
50  lbs.  to  70  lbs. 

1138.  How  far  in  regard  to  pressure  do  you  think 
that  it  is  safe  to  go  with  the  Cornish  boUer  ? — ^With 
regard  to  that  I  think  that  the  pressures  which  are 
now  worked  go  about  as  high  as  they  ought  to  do ; 
that  is,  from  40  ll».  to  60  lbs.  in  the  ordinary  large 
Cornish  boilers.  If  in  a  lai^  boiler  you  go  much 
beyond  that  you  must  use  such  thick  plates  that  it  is 
very  disadvantageous  to  get  the  heat  through  them. 
But  a  steel  plate,  which  is  stnmger  witikont  being 
thicker,  would  probably  enable  yon  to  increase  the 
pressure  to  70  lbs.  or  80  lbs.  With  aa  <ffdinar7 
large  Cornish  IxMller,  if  you  get  much  above  60  lbs.  I 
think  that  it  oiwht  to  be  steel. 

1139.  (Mr.  Earthy.)  Of  what  dimensions  is  the 
Cornish  boiler  to  which  you  refer  ?  —  6  to-  7  feet 
diameter,  with  two  flues  of  3  feet  to  2  feet  6. 

1 140.  (Mr,  Vivian.)  You  are  aware  that  an 
ordinary  Comi^  boiler  has  only  one  flue  ?— Yes  ;  the 
ordinary  style  of  a  Cornish  miler  is  certainly  with 
one  flue. 

1 141.  What  yon  have  been  speaking  of  witb  regard 
to  the  pressure  refers  to  two  small  tubes,  and  not  cme 
large  tube,  as  is  the  practice  in  Cornwall  ? — What  I 
have  said  refws  to  both. 

1142.  Then  yon  would  consider  it  safe  to  use 
steam  of  60  lbs.  pressure  witii  a  tube  of  4  taet  or 
4  feet  6  diameter,  which  is  an  cndizuiry  Ooraish  tube  ? 
— ^That  again  is  a  matter  c£  constmction ;  some  tabes 
are  made  in  Lancashire  now  which  are  very  good 
indeed,  in  which  the  plates  are  all  flanged  outwards, 
and  I  have  seen  them  working  at  60  lbs.  or  70  lbs. 
with  a  4  feet  or  4  feet  6  tube  with  perfect  safe^  ;  but 
it  is  an  expensive  construction. 

1143.  I  am  speaking  of  the  ordinary  construction? 
— With  the  ordinary  construction,  I  should  not  work 
a  Cornish  tube  of  that  diameter  with  so  high  a 
pressure.   I  think  that  it  would  be  bad  judgment. 

1144.  What  is  the  evaporative  power  of  one  pound 
of  coal  ? — I  think  that  what  Mr.  Anderson  stated  on 
that  point  is  quite  correct. 

1145.  Are  yon  realising  9^  lbs.  to  1  lb.  of  coal? 
—Yes.  I  should  say  that  in  a  great  m^ority  of  cases, 
in  not  very  laige  works,  where  no  extra  care  is 
bestowed  np(m  the  matter,  from  8  lbs.  to  9^  lbs.  per 
pound  of  coal  is  about  the  nsual  evaporation. 

1146.  How  have  you  tested  that?— In  two  wa^  ; 
eitiier  by  measuring  the  water  into  the  boiler,  or,  what 
is  stili  better,  by  indicator  diagrams  from  the  engine, 
both  of  which  methods  would  give  a  vwy  ftir  criterion 
of  the  quanti^  of  water  evaporated. 

1147.  That  water  is  ev^orated  under  pressure? 
—Yes. 


1148.  Not  with  a  man-hole  door?~Na  I  have 
never  tried  any  experiments  of  this  kind  with  the 
man-hole  door  removed.  I  should  say  that  unless 
great  care  is  taken  there  is  a  considerable  degree  of 
nncertainty  attending  ordinary  trials  of  how  much 
water  is  evaporated  in  a  boiler.  At  Woolwidi  and 
other  large  establishments  they  have  water  meters  to 
measure  the  water  into  the  boilers ;  but  I  always  con- 
sider that  Hiere  is  scnne  d^;ree  of  uncertainty  attend- 
ing those  results,  for  the  reason  that  a  great  deal  of 
water  ^ch  is  not  steam  at  all  goes  over  with  the 
steam,  but  it  is  mere  mist ;  it  is  not  steam,  and  unless 
Uie  boiler  is  used  to  work  a  steam  engine,  and  care 
is  taken  to  ascertain  the  power  given  out  by  that 
steam  ei^ine,  there  is  a  very  considerable  amount  of 
uncertainty  attending  the  measurement  of  the  evapo- 
ration by  measuring  the  water  only  that  disappears. 

1149.  Yon  speak  of  large  coal,  I  suppose,  and  not 
of  small  coal  ? — What  I  have  been  saying  refers  to 
coal  generally  used  in  London,  which  I  think  may  upon 
the  whole  be  sud  to  be  small  coal  in  the  larger 
establishments,  but  various  elsewhere.  Amongst 
recent  improvements,  I  tiiink  that  s(nne  of  the  moat 
promising,  as  &r  as  economy  goes,  are  those  which 
people  are  able  to  use  small  coal,  and  make  it  do  just 
about  as  much  work  as  the  large. 

1150.  How  are  those  economies  practised;  hy  what 
system  are  they  realized',? — It  is  principally,  I  think, 
in  the  improved  manner  of  stoking.  For  instance, 
tiiere  is  one  very  good  plan,  by  using  Jukes'  furnaces, 
which  is  a  very  old  plan.  Ordinary  small  coal  used 
with  a  Jukes'  furnace  gives  just  about  the  same  result 
as  large  coal  used  by  hand  firing.  I  have  lately  seen 
furnaces  which  have  been  made  to  bum  small  coal  in 
Cornish  boilers,  where  it  has  been  found  to  give  just 
as  good  a  result  as  the  lai^  coal  burnt  previously ; 
and  the  simple  manner  of  doing  it  was  to  make  a  brick 
arch  between  the  fire  and  the  crown  of  the  ftimaee^ 
which  canses  the  combustion  of  the  gases  to  go  on  in 
a  space  where  there  is  a  sufficiently  higt  temperature 
to  cause  perfect  combustion.  Where  there  is  a  slow 
combustion  of  small  coal  in  an  ordinary  Cornish  tube 
the  temperature  is  not  sufficiently  high  to  ensure 
perfect  combustion  without  a  large  excess  of  air,  the 
heating  of  which  is  a  serious  source  of  loss. 

1151.  Have  yon  at  all  turned  your  attention  to  the 
deptii  .(^  the  fires  on  the  bars  ? — I  think  that  it 
depends  entirely  upon  the  circumstances  of  the  case. 
In  burning  the  small  eoal  which  I  have  been  describ- 
ing a  very  considerate  depUi  (MT  fire  is  essratial. 

1 152.  What  depth  ? — In  those  trials  which  I  have 
had  an  orportunity  of  making,  the  boiler  tubes  are,  I 
think,  of  a  diuneter  of  3  feet.  9  ins.,  and  the  depth 
of  the  fire  can  be  worked  very  well  at  14  inches, 
and  the  combustion  goes  on  both  underneath  Snat 
the  furnace  bars  and  above  firom  this  brick  arch. 

1153.  You  have  never  tried  a  fiie  of  four  or  five 
feet  deep? — ^No;  in  fact  witii  the  OTdiaary  boilera 
you  cannot  have  such  a  depth  with  aa  internal  fire. 

1154.  Without  a  special  adaptation  of  it  ?— Just  so. 

1155.  Great  economy  is  effected  in  working  furnaces 
by  varying  the  depth,  and  adjusting  it  exactly  to  the 
character  of  the  coal  used  ?— Yes  ;  in  fact  the  whole 
thing  is  to  adapt  the  stoking  and  the  plan  of  bnmiDg 
to  the  circumstances  of  the  cas^  because  even  whwe 
a  thick  fire  is  advisable  there  are  many  places  where 
you  cannot  have  it,  merely  because  there  is  not  a 
sufficient  power  of  draught ;  there  is  a  small  chimney, 
or  a  chimney  not  high  enough,  or  large  enough,  and 
under  those  circumstwaces  you  often  cannot  such 
a  diickness  of  fire  as  would  otherwise  be  best. 

1156.  {Mr.  Diciinton.)  What  are  the  circum- 
stances in  respect  of  which,  in  many  instances,  you 
are  not  able  to  use  condenmng  engines  in  London  ? — 
It  is  simply  this,  that  unless  the  place  where  the 
boilers  or  engines  are  situated  is  upon  the  river,  or 
water-bearing  gravel  near  the  river,  there  is  no 
water  to  be  bad  for  condensing,  except  what  you  can 
get  from  the  water  companies,  and  if  you  bny  from  a 
water  company  water  to  cosdoise  at  their  usual 
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dbaxge  the  water  tat  condeiuiiig  wUl  oost  mine  than 
the  coals  for  the  furnace. 

1157.  Where  you  hare  water  free  of  cost,  would 
you  stUl  use  the  condensing  engine,  notwithstanding 
the  great  improTemeats  in  the  high-pressure  steam  r 
— CertainlT;  ih»  condenmng  would  be  the  moet 
eoonomical  plan.  Even  in  the  works  upon  the 
Thames  now  there  is  great  teouble  in  many  cases  as 
to  water  for  condenong  die  steam,  owing  to  the  great 
quantities  of  mud  taken  in  with  it. 

1158.  As  regards  the  principle  of  buying  and 
selling  engines,  do  yon  agree  with  Mr.  Anderson,  that 
it  is  wrong,  and  that  they  should  be  sold  as  power  to 
be  done  for  a  certain  time  ? — I  think  that  that  would 
be  a  more  advantageous  i^an,  if  it  could  be  carried 
out;  but  I  think  that  there  would  be  several  practical 
diffieultiea  in  woiUng  it  For  instance,  when  you 
have  made  an  engine,  it  is  easy  to  see  whether  it 
jHTOdnces  so  muc^  power  by  the  expenditure  of  so 
muoh  fhel ;  but  whea  you  stij^ilate  that  an  engine 
must  last  for  so  many  years  it  is  not  so  easy  to  carry 
oat  audi  ao  agreement. 

1159.  It  may  not  be,  for  so  long  a  term  as  Mr. 
Anderson  mentioned,  nunely,  20  years,  but  it  may 
be  done  without  your  having  to  make  preparadons 
for  it  in  that  manner  ? — If  such  a  plan  was  csrried 
out  I  think  that  it  would  very  likely  give  rise  to  a 
considerable  improvement  in  engines. 

1 160.  Ton,  I  Bt^poee^  make  engines  fw  sale  ? — 
Tes. 

.  1161.  In  practice  are  you  much  hampered  with 
the  specifications  which  are  given  to  yon,  or  do  die 
pardfls  consult  with  you  as  to  the  most  suitable 
engines  for  ttw  purpose  ? — In  my  own  experience,  I 
have  been  a  great  d^  left  to  my  own  discrationj  but 
in  other  cases  it  might  be  diffwent.  I  eaimot  say 
that  we  are  maxHx  himpered,  excepting  that  if  you 
make  an  engine^  without  being  partieolarfy  asked  to 
do  BD|  iriaxAi  for  inslanoe  carries  doable  the  pressure 
whidk  the  parties  had  before,  even  if  you  save  a  good 


deal  of  eoal  by  doing  so,  you  sometimes  do  not  get 
very  much  credit  for  it ;  and  at  the  same  time,  if  any- 
thing went  wrong  with  it,  or  from  any  neglect  there 
was  an  explosion,  or  anything  of  ikaA  sort,  very  likely 
the  whole  blame  would  be  thrown  upon  the  manu- 
facturer, whether  he  deserred  it  oc  not.  Tliat  is  a 
point  of  view  whidi  the  manufacturer  in  prudence  is 
obliged  to  take.  If  he  was  to  do  a  great  deal  of  good 
with  the  en^ne  he  mi^t  do  it  without  having  much 
credit  for  it,  but  if  anything  went  wrong  a  good  deal 
of  bifune  mi^ht  be  cast  upon  him  unjustly,  bo  that  in 
that  way  we  are  obliged  to  move  cautiously.  There  is 
also  this  point  to  be  considered.  In  a  small  place, 
where  the  power  employed  is  not  very  great,  you  are 
obliged  to  make  a  maciiine  to  which  the  men  have 
been  accustomed,  because  if  you  even  used  half  the 
coal  which  they  had  used  before,  and  if  you  wanted 
a  man  to  whom  you  must  pay  half  as  much  more 
laxmey  to  work  it,  in  place  of  being  thanked  for  what 
you  had  done,  die  probability  is  that  you  wouUI 
be  very  much  blamed.  In  a  largo  work,  where  a 
groat  many  iaaa  of  coal  are  used,  some  additional  pey 
to  an  engineman  is  a  small  item  ;  but  where  moderate 
power  is  used  it  is  very  material.  In  fact  sometimes 
the  men's  wages  come  to  more  than  the  coal,  and  it 
is  of  much  more  importance  to  save  on  the  men  than 
to  save  the  coal. 

1162.  You  must  look  to  the  saving  which  is 
effected  on  the  whole  ? — Tes. 

1163.  (Chairman.)  I  think  that,  in  conclusion,  I 
may  gather,  from  the  evidence  with  which  you  have 
kii^y  fiivoured  us,  that  you  look  to  the  economy  in 
the  ftiture  as  depending  almost  entirely  upon  die 
increased  value  of  die  coal  wbkh  we  have  to  employ  ? 
— I  think  that  that  would  give  rise  to  the  greatest 
improvement,  and  at  all  events  to  the  quickest. 

1164.  {Mr.  Hartley.)  Unless  the  joesent  genera- 
tion were  nMure  strongly  im{HnB8ed  with  what  is  due 
to  posterity  ? — ^Tes. 
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The  witness  withdrew. 


LATorannr  B.  Flbtobxb,  Esq.,  41,  Corporation  Sbree^  Mimchei^,  examined. 


1165.  {Chairman^  Ton  are  enfflneer  to  the 
tester  Steam  Users  Association  ?— I  am. 


Man- 
cheater 

1166.  Consequendy  yon  have  under  your  care  a 
Tcry  large  number  of  steam  boilers  ? — There  are 
under  my  chaise  2,035  boilers  scattered  over  the 
country  very  widely  from  north  to  south.  These 
drive  about  1,350  eteam  engines,  the  general  propor- 
tion being  that  of  three  b<ulers  to  two  engines.  Of 
these  bmlers  1,693  are  fired  internally  and  342 
externally,  so  that  five  are  fired  internally  to  one 
external^.  Of  these  intemally-flred  boilei-s  1,066  are 
of  the  "  Lancashire  "  type,  and  336  of  the  "  Cornish,** 
while  the  others  are  in  l3ie  minority  of  cases  modifi- 
eationsof^esetwo.  The  '*  Lancfuhire  "  boiler  has 
two inteonal fbnace  tabes;  the**Comi8h"  has  one 
Internal  furnace  tube.  The  donble-fimiace  boiler  is 
the  favourite  in  Lancashire  fbr  mill  purposes.  It 
took  its  rise  in  that  locality,  and  hence  its  nam^  just 
as  the  single-furnace  tube  boiler  took  its  rise  in  Corn- 
wall, and  is  known  by  the  name  of  "  Cornish.** 

With  regard  to  the  power  of  these  boilers,  some 
of  those  of  the  **  Lancashire  **  type  indicate  as  much  as 
200  horse-power,  and  even  more.  This,  however,  is 
a  high  result,  and  the  power  more  generally  developed 
by  a  "Lancashire**  is  about  125  I.  H.  P.  The 
average  power  of  the  boilers  enrolled  with  die  Man- 
chester Steam  Users*  Association  might,  perhaps,  be 
estimated  at  nearly  100  I.  K  P.,  and  the  total  power 
of  all  of  l^em  at  about  200,000  1  H.  P.,  while  the 
gross  consnmpdon  of  coal  might  be  estimated  at  aboat 
1^  millions  <a  k»ns  per  annum.  M^  bdlers  are  worked 
at  increasingly  high  pressure^  and  many  of  the  "Lan- 
cashire" t3rpe  are  now  laid  down  to  work  up  to  a 
pressure  of  70  or  75  lbs.  per  square  inch,  and  in  some 
cases  even  more.  The  following  table  gives  the 
various  classes  to  which  the  2,0^  boilers  enrolled 
with  the  Manchester  Steam   Users*  Associadon 


belong,  aa  well  as  the  number  belonging  to  each  class, 
with  die  number  of  boilers  working  at  each  gradation 
of  15  Ibe.  pr^sare  tcom  1  lb.  to  75  lbs.  and  up- 
wards : — 

Tabitlab  Classoioatioh  at  Boxlbbb. 


DsiEirtptlon. 


BoiLSBS  nrnouTALLT  KBXD,  an 

HOKIZOSTALIiT. 

Crlindrtel  Id  the  shell,  vith  two  tar- 
luoe*.  termed  "  Laootshire  "—lOQie 
with  oinmlating  water  tubca,  H>ine 
with  olfculatiiu,' water  poekela,  and 
scone  without  uther. 

GfUiidTlaal  in  tho  shell,  with  one  fur- 
nace, termed  *  Coraiah." 

Cf  Hndrleal  tn  tiw  Rhell,  with  two  for- 
naoee  rumting  into  »  fin^  oml  flne. 
oontalninc  a  nnmber  of  vertical  ooni- 
oftl  water  nbea. 

Cylindrical  In  the  shell,  with  two  fur- 
naces mnning  iitto  one  five  tab% 
termed  "Breecheai"  and  in  soma 
cases  diveivlnR  again  into  two, 
termed  "Wmit?' 

Cyllndrfoal  In  the  shell,  with  ettber 
ana  or  two  ftomaoea,  and  a  nnmber 
of  smalt  flue  tubes  or  about  S  InAes 
In  diameter.tenaed"  Hultitabnlar." 

QjUndrioal  In  the  shell,  with  either 
one  or  two  ftmaoes.  and  a  number 
<tf  small  flues  of  about  U  inohea  in 
diiaseler,  termed  *■  HnWaaed." 


Carried  forward 


Jjoad  on  BafetT  Valve  per 

Square  Inch. 


10 


141 


42 


BI4 
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SI 
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S4 


hot  M  ll» 


86 


U 


yoiK.— Long 
aftor  this  book 
was  indexed, 
Mr.  Tletchnr 
neatl;  Altered 
both  qnestioaB 
and  answers  in 
biserklenoe. 
ODttieSBth<^ 
JnlrUTlataiBe 
lithocraph  was 
aent  from  Messrs. 
Say  and  Bon,  and 
istobeplaesdat 
the  end  of  the 


to« 


3U 


10 


Ma 


P  p  2 


Digitized  by 


Google 


29a 


ON  WASTE  IK  COHBTJSTEON. 


B80 
L.  E.  FUtdier, 
Esq. 

16  Jo^  1869. 


Tabulab  CiABsmOATioir  Of  "BonxBB—eoiUinaed, 


DeHriptton. 


Brought  ftmnnl 

lliiIUtaba1arofttn''LocoinotlTQ"  »nd 
"H«riiw"typa^ 

XodittiMtioiu  of  the  "LMMuhire" 
iTpe,  MUM  hMTlnB  tfarae  AumsoeB, 
mm  deMwrndina  Hid  Hcendinx  Bum 
pimliw  tbo  bonont  of  tha  eiiemal 

HodUtckOoiia  ot  the  "Oomlali"  type, 
fired  kt  Mob  end,  uid  with  a  midway 
deBoendbig  flue  pUarctng  the  bottom 
the  external  ibeU. 

IrregulAT,  BCpure  Btayed 

Total  No.  of  Intenullr-flnd  boilers) 
•et  hoiteontally       •        -  -J 


CrUndrioal  in  the  shell,  with  one  as- 
cending floe  tube. 

Qrlitidrfoal  in  the  shell,  with  a  num- 
MT  (tf  small  vertical  flae  tubes, 
termed  "  Vertical  Multitubular," 
and  others  with  a  number  of  water 
tabes  suspended  fWm  the  furnace 
orown. 

Total  Na  of  InteniaUy-^nd  bcAen) 
ntverUonllr  .       .  • 


BonxBs  BZTBBirui.T  nsBD,  asi 

XORUOBTUXT. 

Flain  nylindrical,  without  flue  tubes, 
and  with  flat  or  cambered  ends ;  but 
more  generallj  with  hemlspherioal 
or  egg  ends. 

Cylindriwl  in  the  shell,  with  either 
onto  or  nme  flue  tubes  fiun  fl  to  S 
ftet  in  diameter. 

Cylindrical  fn  the  shdl.  witii  a  number 
of  sm^  floe  tubes  about  S  Inchea  In 
diameter. 

"  TrsDoh"  or  "Blepbut" 

•''WsgBon"and''Butterley"  - 


Total  No.  of  eztemally-flred  boOers) 
set  horiacmtally  -S 

Bonxta  HUTBD    Tlambs  piBanra 

OFT  noil  IBOR  PUXHAOIB. 

ncriioiLHl  with  cue  flne,  internally 
fired. 

Tertlijal  SCT-eoded,  externally  fired  - 

Totri  No.  of  boUers  heated  by  flames) 
passing  off  from  iron  fumaoM  -S 

MlKPnXACTOOT. 
Water  tube  or  pipe  boilers 

Olrculatiiig  boilers  for  porpoees  ot  Ten* 
Watkn. 

Tbtal  No.  of  BdMBUtiiBOU  btnlm 


Load  on  Safety  Talre  per 
Square  Inch. 


17 


S»  087 


17 


t6 


166  41 


27 


767 


BOS 


«  M  740 


48 


16 


16 


11 


lASl 
8 

27 


1 
1673 


8  » 


B87 


138 
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SO 


MO 


88 
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1167.  Have  ^on  been  able  to  form  S117  estimate  as 
to  the  number  of  steam  boilers  in  the  United  King- 
dom ? — That  is  a  question  I  have  long  been  desirous 
to  be  in  a  position  to  answer,  but  am  not  able  to  do  so 
at  present  with  any  degree  of  accuracy.  Replying 
to  your  inquiry  therefore  to  a  great  extent  conjec- 
turally,  I  do  not  think  that  the  nomber  of  boilers  can 
possibly  be  less  than  50,000,  whereas  it  is  very 
probable  that  it  may  be  as  much  as  100,000,  and  even 
more. 

1168.  !EVom  yrar  ezperieoce  in  these  matters,  can 
you  state  wheuer  the  constmction  of  boilers  and 
engines  has,  during  past  years,  improvel  and  is  stiU 
{HTomising  to  iimrove,  with  regard  to  the  econnnioal 
use  of  twA  ^— w  aiwirerifig  this  qne«tioD,  you  miut 


allow  me  to  explain  that  laigeas  is  Uie  member  ol 
boilers  and  engines  under  my  charge,  yet  that  it  is 
extremely  difficult  to  get  accurate  infcnmiatitm  as  to 
the  consumption  of  fud  per  horse  power  developed. 
The  primary  object  of  the  inspections  of  our  associar- 
tion  is  safety,  but  while  a  strong  interest  is  taken  in 
the  economy  of  fuel,  it  is  found  to  be  extremely  diffi- 
cult, since  the  boilers  are  employed  entirdy  tor 
commercial  purposes,  to  gain  reliable  returns,  either 
of  the  amount  of  coal  the  boilers  bum,  or  the  work 
they  do.  The  steam  raised  by  them  is  very  seldom 
utilized  by  the  engines  only,  but  more  generally 
divided  between  driving  the  engines  and  heating  the 
mill ;  while  in  many  cases  a  considerable  portion  is 
drawn  off  to  assist  in  processes  of  manufacture.  Thus 
it  is  difficult  to  estimate  the  amount  of  steam  actusUj 
raised.  Again  the  periodical  indications  of  steam- 
engine  cylinders  can  only  give  an  appitncimate  return 
of  the  power  exerted.  To  be  absolute,  the  indication 
should  be  constant.  Here  perhaps  I  may  remark  that 
an  ingenious  continuous  "  steam  power  meter  **  hag 
lately  been  brought  out  by  Messrs.  Ashton  and  Storey, 
of  Manchester,  for  the  special  purpose  of  recording 
continuouBly  the  power  developed  by  steam-engine 
cylinders,  the  record  being  kept  by  a  series  of  pointers 
revolving  on  dial  faces  graduated  for  foot  pounds,  one 
of  these  dials  denoting  thousands,  a  second  tens  of 
thousands,  a  third  hundreds  of  thousands,  a  fourth 
millions,  and  so  on,  very  much  after  the  fashion  of  the 
small  indicating  dials  on  gas-meters,  so  that  the  readings 
can  be  taken  off  at  convenient  intervals.  Such  an  in- 
strument seems  to  me  to  be  much  needed,  and  should 
the  one  referred  to  work  satisfactorily,  and  fulfil  its 
promise,  it  will  oertainly  prove  of  consUerable  assis- 
tance to  engineers  as  well  as  to  steam  users,  and  all 
those  desirous  to!  attain  econofny  in  the  use  of  steam. 

With  these  prefatory  remarks,  I  may  state  that 
considerable  economy  of  fuel  has  been  realized  by  the 
substitution  of  the  more  modem  interaally-fired  boiler, 
whether  of  the  "  I<ancashire  "  or  **  Cornish  "  type,  for 
the  old-fashioned  externally-fired  boiler.  A  case  by 
way  of  illustration  may  be  referred  to,  which  has  just 
come  under  my  notice.  One  of  the  members  of  the 
Manchester  Steam  Users'  Association  laid  down  at 
my  recommendation  a  single  boiler  of  the  "Lan- 
cashire "  type  in  place  of  two  externally  fired  boilers, 
which  were  somewhat  though  not  precisely  of  the 
French  or  "Elephant"  cUss.  The  result  of  the 
change  is,  that  the  "Lancashire**  boiler  easily  does 
the  work  of  the  two  old-extemally  fired  ones,  while 
it  does  not  bum  so  much  coal  by  six  tons  a  week. 
This  is  by  no  means  a  solitary  instance.  Wherever 
the  old-fashioned  externally -fired  boilers  are  suppluited 
by  the  modem  internally-fired  ones,  fuel  and  room 
are  economized,  while  at  Uie  same  time  safety  is 
promoted.  This  may  help  to  account  for  the  fact 
already  slated,  that  out  of  every  six  boilers  under  the 
inspection  of  the  Manchester  Steam  Users*  Associa- 
tion, only  one  is  fired  externally,  while  five  are  fired 
internally,  and  it  will  at  the  same  time  show  the 
wisdom  of  this  course. 

But  the  improvement  consequent  on  the  introduction 
of  the  intomally-fired  boiler  has  not  been  confined  to 
die  ff«ieration  of  steam.  Intemally-fired  boilers  are  so 
much  stronger  than  those  fired  externally,  more  particu- 
larly than  diose  of  the  waggon  or  haystack  class,  that 
steam  of  a  much  higher  pressure  can  be  safely  raised 
since  their  introduction  than  before,  in  consequence  of 
which  the  old-fashioned  pressures  of  seven  or  10  lbs. 
to  the  square  inch  have  been  given  up  for  those  of 
40,  50,  and  60  lbs.,  while  pressures  are  still  steadily 
rising,  and  70  and  80  lbs.  is  not  now  infrequent  for 
new  boilers.  This  increase  of  pressure  has  permitted 
an  increased  expansion  by  which  the  power  <^  ihe 
steam  has  been  more  fully  utilized,  imd  thus  economy 
of  fuel  promoted.  To  utilise  the  high-pr^nre  steam, 
and  yet  retain  the  old  low-pressure  engines,  cylinders 
of  a  smaller  uze  than  those  on  the  nuun  eo^ne  are 
added  as  auxiliaries,  into  which  the  steam  is  first 
admitted  and  then  ei^ianded  into  &e  old  and  larger 
(mes.  By  this  meanB^  no  man  strain  is  put  i^on  the 
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porta  of  the  cAA  engine  than  before,  so  that  old  low- 
pressure  en^ncB  can  be  retained  in  use  with  new 
high-pressnre  boilers.  ThiB  compound  Bjstem  there- 
fme  is  a  great  owvenience  in  harmonizing  old  existing 
low-pressnre  engines  with  modem  high-pressure 
boilers,  and  has  conseqaently  come  into  very^  general 
use,  while  no  doubt  considerable  economy  Of  fuel  has 
resulted  from  it.  But,  whetlier  it  is  wiser  in  laying 
down  new  engines  to  adopt  the  compound  system,  or 
to  render  the  parts  strong  enough  to  allow  of  the 
admission  of  the  steam  na  well  as  of  its  expansion 
being  efiected  in  one  cylinder  rather  than  in  two,  is 
a  question  on  which  there  is  a  considerable  variety  of 
opinion.  With  the  compound  system  there  is  in  most 
cases,  at  all  events  as  adopted  too  generally  in  Lan- 
cashire*  a  great  loss  in  the  passage  of  the  steam  from 
high  to  the  low  pressure  cylinder,  while  on  the 
other  hand,  with  the  single-cylinder  system,  though 
Ais  loss  ia  saved,  there  is  another  arising  from  the 
eztownM  of  temperature  to  which  the  cylinder  is 
exposed  at  different  parts  of  the  stn^^  these  extremes 
of  temperature  setting  up  on  the  internal  sniAMWB  of 
the  cylinder  an  action  of  alternate  condensation  and 
re-evaporation,  in  consequence  of  which  a  great  deal 
of  steam  escapes  from  the  boiler  to  the  condenser 
without  doing  any  work,  though  it  passes  through 
the  engine  on  its  way.  To  obviate  this,  the  cylinder 
should  be  enveloped  in  a  casing  of  steam,  a  phm 
which  was  patented  and  adopted  by  James  Watt 
100  years  ago.  From  this  practice  we  have  retro- 
graded. The  steam  jacket,  however,  is  now  being 
revived  for  mill  engines  in  connexion  with  the 
Corliss  expansion  valve,  whidi  admiU  of  an  adjust- 
able cut-off  regulated  by  the  governor.  The  Corliss 
engine  has  recently  been  introduced  from  America  by 
Messrs.  Spencer  and  Inglis.  It  has  been  fbnnd  to 
develope  highly  economi^  results,  while  its  adoption 
in  this  country  has  acted  aa  a  considerable  stimalus 
to  engineers,  and  mai^  a  step  in  advance  in  the 
attainment  of  economy. 


Etq. 
16  Jnlr  18S9. 


It  appmn  to  me  therefore  that  there  has  been  for  B  81 
8«ne  years,  and  that  there  still  is,  an  advance  in  the  ^-  E.FUu^t 
constmction  of  engines  and  boilers  with  regard  to  the 
economy  of  faeL  Hiis  advance  may  be  attributed 
generally  to  three  causes :  first,  the  adopti<m  of  internal 
firing  in  the  place  of  external  j  seoondly,  the  use  of 
steam  at  a  higher  preesnre  consequent  on  liie  adoption 
of  the  internally-fired  boiler  ;  and  thirdly,  the  revival 
of  the  steam  jacket,  combined  with  an  early  cut-off 
ndiusted  b^  the  governor.  The  above  remarks  apply 
most  particularly  to  stationary  engines  and  boilers, 
but  of  late  years  a  great  advance  has  also  been  made 
in  marine  engineering  practice,  which  has  resulted 
from  the  introduction  of  surface  condensation,  coupled 
with  the  use  of  steam  at  a  higher  pressure,  and  the 
adoption  of  an  increased  amount  of  expansion,  the 
cylinders  being  miuntained  at  their  due  temperature 
so  AS  to  prevent  cmidensation  either  by  the  adoption 
of  the  steam  jacket  or  other  suitable  measures. 

1169.  Can  yon  produce  any  steam  engine  diagrams, 
showing  the  average  resnlt  of  mill  practice  i^The 
two  dif^rams  Nos.  1  and  2  were  taken  at  Ae  same 
works  from  two  di^rent  pairs  of  engines,  the  boilers 
driving  one  of  which  blow  off  at  a  pressure  of  about 
30  lbs.,  and  the  others  at  25  lbs.,  while  they  work  at 
a  slightly  lower  pressure.  In  the  case  of  diagram 
No.  1  the  diameter  of  the  cylinder  was  33  inches, 
the  stroke  6  feet,  and  the  number  of  revolutions  32^ 
per  minute,  while  the  I.  H.  F.  was  185^.  In  the  case 
of  diagram  No.  2  the  diameter  of  the  cylinder  was 
35  inches,  the  length  of  the  stroke  6  feet,  and 
the  niunber  of  revolutions  31  per  minute,  while 
tiie  I.  H.  P.  was  The  average  consumption 

of  these  two  purs  of  engines,  including  the  coal  used 
in  heating  um  mill,  as  well  as  in  banking  fires  at 
night,  &c,  is,  as  neariy  as  may  be,  4^  lbs.  per  I.  H.  P. 
per  hour.  Other  cases  might  perhaps  be  given  of  a 
more  ecmunnicai  resnl^  but  these  may  b«  tf^en  as 
veiy  fair  indications  of  the  average  run  of  first-class 
mill  engines.    {See  Diagramt  Nos.  1  tmd  2.) 


Nott^The  cogiMS  flram  whieh  the  diagrams  Not.  I  md  3  were  taken  were  of  the  beam  eawtnietioB,  vbile  the  ejUnden 

were  not  cteam-jacketed. 

^   The  en^es  from  which  the  diagrams  TSo.  3  were  taken  were  of  hraizoDtal  Corliu  etmstniction,  with  steamrjacketed  cylinders. 

aoiuR  raceWRi  w-lbs. 
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X.  £.FIeldttr, 
16  Jttlj  1861. 


Na  1.  Cylinder  33"  diameter.  Stroke  6  ftet  Speed  32}  rerolndoDf  per  minute. 
Kob  S.  C^inder  85''  dianietec.   Stroke  6  feet   ^eed  81  lenAviixm  pn  miniite. 

Coal  etuwomptioD  4*  24  Ibk  per  L  H.  P.  per  lioor. 


LH.P.  -  185  4 
LH.F.  -  lU'e 


Total 


-  341*0 


The  coal  c<mBamptioQ  in  the  ease  of  Nob.  t  and  2  inelodeB  the  amount  need  in  raimng  the  steam  for  heating  the  milL 


Diagrama  No.  3  were  taken  from  a  pair  of  steam 
jacketed  CorliBg  engines  with  an  adjustable  cnt-off 
reffulated  by  the  governor.  The  diameter  of  the 
cjunden  was  38  inches,  the  length  of  the  stroke 
6  feet  and  the  number  of  revolutions  60  per  minute, 


while  the  L  H.  P.  was  827.  The  conanmption  ol 
fuel  was  &om  2  lbs.  to  24  lbs.  per  I.  H.  P.  per  hoar,  bat 
this  did  not,  as  in  the  prerkms  caa^  indode  the 
amount  used  finr  heating  tiie  mil^  ftc  ( See  Diagrame 
iVo.8.) 


Cyllndar  86''  diameter.  Strt^  6  feet   Speed  M  revelatioBS  per  nunnte.  X  H.  P.  8S7. 
Coal  coneomption  from  8  to  S}  Ibc  per  I.  H.  P. 
The  coal  consumption  in  the  «aw  of  No.  S  does  not  inelnde  the  amotmt  wed  in  raising  the  steam  for  beating  the  ndlL 


1170.  In  paaring  through  the  whole  of  the  cool 
districts  of  Uie  United  Kingdom,  we  find,  as  a  rede, 
that  the  boilers  are  uncorraw  uid  exposed  to  tiia 
action  of  the  weather  ? — Snob  is  rerj  generally  the 
case  with  colliery  boilers. 

1171.  Ifl  there  not  necessarily  a  very  great  loss 
effected  by  such  an  exposure  ?— Clearly  there  must  be. 

1172.  Then  how  would  you  account  for  Jhousands 
of  boilers  being  exposed  to  the  action  of  the  weaker  ? 
— I  attribute  it  simply  to  carelessness,  which  to  a  great 
extent  is  engendered  by  the  low  piice  of  coal. 

1173.  How  are  we  to  hope  to  overcome  such  care- 
lessness, and  raise  the  standard  of  boiler  and  engine 
oonstmction  ^lenerally  throughout  the  country  ? — 
Simply,  I  think,  by  the  spread  of  education  with 
regud  to  inch  matters,  using  the  word  "  edneation  " 
in  its  wictost  sense.  Our  association  is  dmng  all  that 
it  can  to  promote  such  edneation.  It  has  for  years 
earefblly  accnmulated  data  of  the  ccmetmction, 
equipment,  and  setting  of  .those  boilers  under  its 
inspection,  which  lutve  been  found  to  yield  tiiie  most 
satisfactoi^  results.  Tlus  information  it  difibseB 
amongst  its  members  with  a  view  to  prevent  the 


failures  and  disi^pointmoits  of  one  beii^  repeated  by 
others,  and  to  turn  the  successes  of  the  few  to  thie 
advanttfe  of  all.  In  this  way  it  is  n^idly  raising  the 
standara  of  boilw  engineering,  not   amongst  it 

members  only,  but  ttu'oughout  the  entire  kingdom. 
The  association  is  promoting,  for  colliery  purposes,  as 
far  as  possible,  the  introduction  of  the  interniUly- 
fired  boiler  instead  -of  the  plain  cylindrical  externally- 
fired  onGy  now  so  generally  in  use.  These  internally- 
fired  boilers  are  much  safer,  and  their  general 
adoption  would  prevent  the  annual  loss  of  many 
lives.  A  douUe-furnace  boUer  seven  feet  in  diameter, 
recent!^  lud  down  at  my  recommendation  by  a 
colliery  owner,  does,  I  am  informed,  as  much  work  as 
the  two  colliery  boHers  it  sapplanted,  while  it  bums 
but  Mttl^  if  avf,  more  coai  wan  one  of  them.  The 
Wigan  Coal  and  bon  Company  have  about  150 
boitera  under  our  inspection,  half  of  which  are  ot  tho 
"Lancashire"  type,  uid  h^  of  the  dd-&shioned 
plain  ^lindricel  externally-fired  ^pe.  They  find 
that  the  externally-fired  boilen  require  constant 
repair,  and  are  therefore  gradually  replacing  them  by 
those  fired  internally.  .^»nt  70  boilers  belonging 
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to  Hesfflra.  Pease,  of  Darlington,  are  also  under  the 
inspection  of  our  aasoeiation.  Messrs.  Pease  have 
been  pwvnaded  to  try  some  intemidly'^red  boilers  at 
thnr  cdlieriea,  and  mey  infinm  me  that  the  result  of 
tlie  toial  is  that  aldioogh  there  is  some  little  pr^udioe 
oguDBt  these  boilers,  yet  that  tiiey  certaioly  save 
fbeL  To  supplant  all  the  extemaUy-flred  boilers  in 
the  country  by  those  internally  fired,  and  to  raise  the 
standard  of  boiler  ^gineering  gwerallj,  can  only  be 
a  gradual  process,  and  mast  take  a  considerable  time 
to  aceraai^ish.  Much  good  would  result  by  its 
attainment,  and,  little  by  little,  progress  is  being 
made. 

1174.  (Mr.  Hartley.)  Yon  think  that  there  is 
ronn  for  hnprovement  in  the  coustmotion  of  steam 
boilers  generally,  and  also  in  their  adaptation  to  &e 
attainment  of  econony  ? — Tes,  Trithout  going  beyond 
our  proBont  means. 

1175.  {Mr.  Vivian.)  You  prefer  a  double-ftamace 
tube  or  <*  Irfmcashire  **  boiler  to  die  plain  c^indrieal 
externally  flied  ?— Decidedly,  as  being  safer,  requiring 
less  rep^r,  and  being  more  economical  in  its  con- 
sumption of  fueL 

1176.  Do  you  think  it  as  strong  as  the  e^-ended 
boiler  ? — Decidedly  so,  when  well  made,  while  I  find 
that  the  ef^^-ended  boiler  is  extremely  dangerous. 

1177.  Why? — That  conclusion  has  been  forced 
upon  me  the  explosions  1  have  been  called  on  to 
investigate  that  hare  sprung  from  the  plain 
^^drical  extwnally  fired  colliery  boiler.  Kot  only 
do  I  find  that  the  number  of  explosions  arising  from 
this  class  of  boiler  is  orasiderable^  but  also  that  the 
explosions  are  diu  to  causes  it  is  diffieolt  to  grapple 
with.  Hiese  boilers  are  extremely  treachwous,  and 
thus  difficult  to  maatw,  while  such  is  not  the  case 
with  boilers  intemdly^red  type,  whidi  ftil 
from  causes  more  open  and  above  board,  so  that  their 
explosion  can  be  more  eanly  prevented. 

1178.  To  whi^  do  yon  attribute  the  explosion 
these  externally-fired  boilers,  generally  speaking  ? — 
To  the  action  of  the  fire  outside  the  boiler,  and  at  the 
bottom,  so  that  the  plates  and  seams  of  rivets, 
exposed  to  a  severe  tcn»le  strmn  from  the  pressure 
of  the  steam,  have  also  to  sustain  the  biting  action  of 
the  flame.  In  consequence  of  this,  these  boilers  need 
very  frequent  repur,  which  dangerously  weakens 
them,  so  that  th^  very  often  explode  on  setting  to 
work  immediately  after  being  repaired,  and  jnst  when 
they  are  thoogfat  to  be  thoroughly  sound.  It  is  this 
habit  of  exploding  jost  aAer  repair,  and  when  passed 
as  sound,  that  has  earned  for  them  Uie  diaraoter  of 
"treadmons."  Gases  in  oorobontion  of  this  have 
constantly  come  under  my  notice  and  the  particnbun 
have  bem  given  from  time  to  time  in  our  usoeiatiM^ 
printed  montiily  reports.* 


*  ITie  following  Temarks  in  tbe  asaociation's  ptioted  monthly 
report  fbr  October  1869  hare  «ach  direct  reference  to  dw  above 
that  they  maj  her*  be  ipuited: — 

"  Tbs  Diuon  ov  Fum  Crmmaiou.,  ExrasjuuT- 
FmcD  Bomos. 

"Hw  asiodaJion  lias  for  years  laboured  to  call  steam  nsen' 
attention  to  the  danger  trf  ext^nal  firing  and  to  the  treadiery  of 
the  plain  lindriou  oolfieiy  b(nln,  and  the  two  fttUowing  ex- 
ploifoiis,  TU.,  Nos.  39  and  40,  putienliTB  <^  which  are  given 
below,  and  by  which  fonr  pertons  wm  killed  and  tvo  others 
n^Jnied,  are  iUoitratimis  of  the  correetnesf  (rf  tfab  view. 

"No.  89  explosion  occurred  at  a  colliery  at  aboat  a  qnartep- 
pait  twelve  o'clock  on  the  afternoon  of  lliiirsday,  October  14th, 
and  nsolled  in  ^e  death  of  two  men  as  well  at  in  iqjory  to  one 
other. 

**'nie  bmler  was  of  the  pliUn  eylindiieal,  ng-eoded,  ex- 
tenallyLflnd  elasi,  with  ^  platas  laid  kngitDdjiiMUy,  so  that 
the  nnamii  of  rivets  ran  in  fine  from  one  end  of  the  boiler  to  As 
other.  It  was  about  SO  feet  in  length  by  6  ftet  in  diameter, 
while  the  thieknesa  of  the  plates  was  three  eighths  of  an  inch, 
and  the  pressitre  to  which  the  safety  valves  were  loaded  abont 
35  lb.  per  aqnare  inch. 

"  The  boiler  gave  way  at  the  bottom  over  the  fire,  rending  in 
a  tsmewhat  lig'Sng  cowfa  throagiuKit  its  entire  length  from 
the  front  to  the  back,  when  the  cyUndrical  portion  of  the  shell 
i^tened  ont  and  tnre  away  from  toe  two  hendipherieal  ends,  the 
parts  bdng  thrown  to  oonnderaU^  distances,  and  the  pipes  and 
niiw  ef  the  seatiag  soattAed  ti^  sad  left.  AddedtotUs,a 

P 


Instead  of  plaiung  ^e  fire  under  the  boiler,  it  is  B  83 

far  better  to  put  it  inside,  right  in  tlie  heart  of  tiie  L.  E.  i%tokr, 

water.   The  plates  of  the  Amiace  tube  can  then  be  Sag. 

very  thin,  and  at  the  same  time  sufficiently  strong  to  j- — 

beLplyWe.                                 '  ^  MJn^9. 

1 179.  Is  not  the  poww  of  the  shell  in  *'  Lancashire  " 
bf^lers  to  resist  a  tensile  strain  very  frequently 


stonemason  Ughting  his  pipe  at  the  fire  door  was  killed  on  the 
spot,  and  two  other  workmen  stmck  by  the  fitlling  tfe&ris  and 
Eeriottsl^  ii^nred,  one  of  them  dying  shortly  after,  while,  in 
iUnstratioQ  of  the  force  with  which  some  of  ue  fragments  were 
thrown,  it  ma^  be  stated  that  a  horse  standing  in  a  batcher's 
oart  some  thirty  yards  off  was  struck  down  and  instantiy  killed, 
as  by  a  caiman  buL 

"  WiOi  legaid  to  the  eaose  of  the  explosion,  it  was  Mated  at 
the  inqneet  uiat  the  btnler,  thoogh  only  a  littie  more  than  three 
years  old,  had  been  under  repair  several  times,  and  that  two 
new  plates  had  but  jost  been  put  in  over  the  fire,  while  it  was  as 
the  steam  was  bang  got  ap  for  the  first  time  after  this  that  the 
ezplosiou  took  place.  The  engineer  stated  that  though  the 
ordinary  working  pressure  was  about  35  lbs,,  yet  that  it  could 
not  have  exceeded  24  lbs.  at  the  moment  of  explosion,  while  he 
was  confident  that  the  plates  put  into  the  boiler  were  of  first-rate 
quality,  so  that  *it  was  a  mystery  to  him  why  tiie  boiler  borst, 
as  he  considered  it  onght  to  have  stood  a  pressure  of  800  lbs.  on 
the  square  inch.'  The  foreman  smith  said  he  was  *  beat  entirely 
in  endeavouring  to  account  for  the  explosion.'  To  this  tbe 
coroner  added  that  '  the  Government  Inspector  of  Mines  had 
made  an  investigation,  but  admitted  that  he  had  no  light  to 
throw  on  the  suhject,  and  therefore  it  was  apporeut  tbt  the 
oconrrenee  waa  shronded  in  the  greatest  n^stery.'  The  jnry, 
without  wpanag  fltrther  evidoaco,  found  that  *tbe  deceased 
was  killed  by  a  boiler  e^lomon,  hot  how  the  eatastn^e  origi- 
nated there  were  no  means  of  ascertainmg.' 

"  hx  this  case  the  inquest  was  conducted  with  considerable 
despatch,  being  held  the  day  but  one  after  the  catastrophe,  so 
that  it  was  concluded  on  tbe  same  day  that  tbe  report  of  the 
occurrence  reached  Manchester.  On  the  assoiuation's  inspecttw 
reaching  the  scene  of  the  ^saster,  he  found  that  the  boiler  had 
been  cot  up  and  thrown  on  (he  scrap  hew  tiie  day  after  the 
inqoest  was  held,  so  that  those  who  had  charge  of  the  holler 
seemed  resolved  tiiat  if  they  eonld  not  arrive  at  the  cause  of  the 
e:i9loncMi  themsdves,  nobody  dse  should  do  so.  Hie  ooUlery 
engineer,  who  could  have  given  the  inspector  some  infonnation 
as  to  the  direction  of  the  rents  and  flight  of  tbe  parts,  was  most 
uncommmiicative,  and  referred  him  to  the  scrap  heap 'for  in- 
fbrmation,  and  to  the  record  of  tbe  inquest  in  the  local  news- 
paper, so  that  but  few  psrtieDlais  could  be  obt^ned.  After  the 
assoeiBtioD  had  gone  to  the  expoise  of  srading  an  offleer  be- 
twem  one  hunved  and  two  hundred  miles,  in  ord«  to  throw 
light  on  the  cause  of  a  &tal  steam  boiler  explosion,  and  thus  to 
save  human  life,  this  reception  was  rather  discouraging,  thoogh 
by  no  means  singular. 

"  The  fects  of  the  case,  however,  speak  fbr  themselves.  Here 
is  a  boiler  but  three  years  old,  which  has  just  been  repaired  and 
turned  ont  as  soond,  yet,  on  Uu  first  time  of  getting  q;>  steam, 
and  before  Uie  nrestuie  haa  exceeded  S4  lbs.,  it  ex|Uodef,  while 
all  connected  wmi  it  consider  the  occurrence  as  an  impenetraUe 
mystery.  Such  boilers  certainly  deserve  tbe  character  this 
association  haa  given  them,  vis.,  that  of  bong  nntrmitworthy 
sad  treacherons. 

"So.  40  explonon  occurred  at  an  iron  and  steel  woriis  at 
about  half-past  seven  on  the  evening  of  Monday  the  18th  of 
October.  The  boiler,  which  was  one  of  a  series  of  fire,  set  side 
by  side,  and  the  second  from  the  left  band,  was  of  the  pliun 
eylindiieal,  egg-ended,  axtemaUy-fired  class,  let  with  a  fladi 
flue,  and  measoriug  40  fbst  in  lengtii  by  ft  feet  in  diameter, 
while  the  tUckneas  of  the  pbtes  waa  seven  sixteen^  of  an  inA, 
and  the  blowing-off  pres>t«  50  lbs. 

"  The  boiler  gave  way,  as  externally-fired  boilers  are  prone  to 
do,  over  the  fire,  dividing  in  two  at  the  fourth  ring  seam  of 
liveta  near  tbe  &«bridge,  and  also  reuding  at  a  lon^tndinol 
seam  miming  across  three  widths  of  plate  at  the  bottom  of  the 
abell  and  at  t^  front  end,  jost  where  r^airs  had  been  at  SMue 
peviooB  time  efiected.  On  the  oecarmoe  of  these  rents  Ae 
bnler  was  thrown  from  its  seat,  the  front  portion  bdng  hurled 
to  a  distance  of  about  ISO  yavds  to  tiie  rig^t,  while  No.  1  boiler, 
on  the  left  of  tbe  exploded  one,  and  No.  3  on  its  right,  were  both 
dislodged.  At  the  time  of  the  explo^n  it  appears  that  the 
fireman,  as  well  ae  a  man  employed  in  wheeling  ashea,  and  a 
young  woman  who  had  jnst  brought  up  some  tea  for  one  of  tbe 
worimien  were  standing  near  to  the  boiler,  when  the  young 
woman  was  killed  on  the  spot,  both  of  the  men  severely  scalded, 
the  fireman  havnig  his  1^  brriun,  and  bdng  blown  into  the 
oanal,  and  altogemer  so  seriwuly  ii^ored  ttiat  he  died  shortly 
sfter. 

"It  appears  that  the  boiler  was  about  fifteen  ^szs  old,  and 
that  it  had  been  frequently  repaired,  the  part  over  the  fire  pre- 
senting a  very  patched  appearance,  and  naving  several  cracks 
starting  from  the  rivet  holes,  some  running  out  to  the  edge  of 
&a  {dtues,  and  others  from  hole  to  hole,  while  this  btuler,  like 
she  one  last  reported  on  above,  ex^oded  tbe  firatttme  that  it 
was  set  to  work  after  repairs  had  been  effected,  the  steam 
having  been  up  but  a  quarter  of  sn  hour.  Bofleis  that  bull 
fanmecnatdy  amr  bring  ngtibtA  onmot  be  tmstworthyk** 
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B  84       greater  than  that  of  the  tnbes  to  resist  collapse  ? — 
L,  E.  Fletcher,  This  is  not  the  ease  when  the  furnace  tubes  are 
Esq.        strengthened  at  each  of  the  ring  seams  of  rivets,  as 

  they  should  be  and  as  all  first-dass  modem  boilers 

16  July  1869.  yriih  flanged  joints,  T-seams,  or  other  equally 

~~~~  efficient  means.  Boilers  constructed  in  this  way  are 
great  &vouritee  with  onr  members,  and,  where  once 
introduced,  soon  spread,  and  they  are  becoming  in- 
creasingly general. 

1180.  Do  not  explosions  usoally  occur  from  the 
want  of  a  sufficient  quantity  of  water  over  the  fire  ? 
—Some  may  do  so,  but  such  is  not  the  case  by  any 
means  as  a  rale. 

1181.  To  what  then  do  you  attribute  explosions 
generally  ? — To  neglect,  that  n^lect  being,  in  the 
generality  of  cases,  practised  by  one  of  three  parties, 
viz.,  the  boiler  maker,  the  boiler  user,  and  the  boiler 
minder.  Thus,  some  explosions  are  due  to  the  neg- 
lect of  the  boiler  maker  in  turning  out  a  bad  boiler  in 
&6  first  instance,  otliers  to  the  neglect  of  the  boiler 
owner  in  allowing  the  boiler  to  run  down  and  to  be 
worked  out,  and  others  again  to  neglect  of  the  boiler 
minder  in  allowing  the  water  to  run  short,  &c.  I  find 
that  more  explosions  by  far  are  due  to  bad  boilers, 
bad  either  from  their  original  malconstruction  or  from 
their  worn-out  condition,  than  to  shortness  of  water, 
and  that  where  the  boiler  minder  has  to  answer  for 
one  explosion,  the  boiler  maker  and  the  boiler  owner 
together  have  to  answer  for  six.  Boiler  minders  are 
often  unjustly  accused  of  causing  explosions  due  to  the 
want  of  science  on  the  part  of  the  boiler  maker,  or  to 
the  greed  of  the  boiler  owner. 

1182.  Can  you  produce  a  drawing  of  such  a  boiler 
as  you  consider  from  your  experience  to  be  one  of  the 
most  economical  and  generally  serviceable  to  the  steam 
user  ? — I  shall  be  happy  to  do  so,  and  may  state  that  I 
Tery  much  doubt  if  any  boilers  will  be  found  more 
generally  serviceable  to  the  steam  user  than  those  of 
the  "Lancashire"  type  when  well  made,  well 
equipped,  and  well  set ;  while  I  would  recommend 
that  ^ey  should  in  most  cases  be  accom[Kuued  wiUi 
what  is  termed  an  "  economiser,**  which  is  an 
arrangement  ibr  heating  the  fiaed  water  by  the  gases 
after  they  have  left  the  boiler,  whereby  any  waste 
heat  that  would  otherwise  pass  off  to  the  chimney  is 
utilized.  Of  such  a  boiler  of  the  modom  and 
approved  type,  fitted  with  an  economizer  as  Just 
described,  I  now  b^  to  hand  in  a  drawing,  and  may 
give  the  following  brief  description  of  some  of  the  most 
important  points.  {See  LUhograph  Drawinff,  No,  3.) 

In  the  boiler  illustrated  in  this  drawing,  the  front 
end  plate  is  made  in  one  entire  piece,  turned  up  in 
the  lathe  on  the  outer  edge,  and  bored  out  for  the 
reception  of  the  furnace  tubes,  which  is  a  guide  in 
keeping  the  whole  work  truly  circular.  The  shell  is 
made  in  not  more  than  three  plates  circumfereutially, 
and  is  double  riveted  at  the  longitudinal  seams.  The 
fiimace  tubes,  as  it  will  be  seen,  are  atrengthoied  at 
eadi  of  the  ring  seams  of  rivets  with  euciroing  rings. 
Sometimes  these  encircling  rin^s  are  made  by  flanged 
joints  in  accordance  with  Mr.  Adamson's  patent, 
sometimes  by  hoops  of  T-irou,  bridge  rail,  bowling, 
or  other  ^proved  section.  In  the  drawing  in  ques- 
tion, those  over  the  tire  are  made  with  flanged  joints, 
and  the  remainder  with  T-seams.  Each  width  of 
plate  is  made  in  one  length  circumferentially,  while 
the  longitu(tinaI  joint,  provided  that  the  plates  be  of 
iron,  is  not  riveted,  but  welded,  and  placed  at  the 
bottom  of  the  tube,  or  sufficiently  so  to  be  below  tiie 
level  of  the  fire-grate,  and  away  from  the  action  of 
the  flame.  Thus  there  are  no  longitudinal  seams  of 
rivets  from  one  end  of  the  furnace  tube  to  the  other. 
When  the  furnace  tabes  an  made  in  this  w^,  they 
are  found  to  be  amply  Strong  though  made  of  plates 
^7  of  axk  inch  in  thickness.  The  flat  ends  of 
the  boiler  are  stififened  with  gussets  attached  with 
double  angle  irons,  and  these  are  found  to  be  quite 
adequate  without  the  help  of  any  longitudinal  rod 
stays,  which  are  therefore  omitted.  There  is  no 
stMim  dome.  Steam  domes  weaken  the  shell,  and  are 
in  many  points  inconvenient.   With  regard  to  the 


fittings,  the  feed  valve,  the  scum  tap,  the  glass 
water  gauges,  and  the  steam  pressure  gauge,  are  all 
fixed  to  the  front  of  the  boiler  so  as  to  be  ^ways  in 
sight,  while  the  blow-out  tw  is  at  the  attendant's 
feet,  and  immediately  accessible,  so  that  the  whole  is 
in  reach  of  the  attendtmt  when  standing  at  his  post 
close  to  the  fire  doors.  The  feed  valve  box  and 
scum  tap  are  attached  directly  to  the  front  emd  plate, 
both  being  fixed  a  little  above  the  level  of  the 
fUrnace  crowns,  so  that  they  may  not  be  laid  bare 
should  leakage  oc<»ir  either  at  the  scum  tap  or  feed 
valve  box ;  whil^  for  convenience,  the  scum  tap  is 
placed  on  the-rigfat  hand  side  of  the  boiler,  and  the 
feed  valve  box  on  the  lefl.  There  are  two  glass 
water  gauges,  so  that  one  may  act  as  a  check  upon 
the  other,  while  they  aie  both  placed  in  the  centre  of 
the  boiler  front,  so  as  to  stare  the  stok^  directly  in 
the  face  whenever  he  chaises  his  fires.  The  steam 
pressure  gauge  is  immediately  over  the  glass  water 
gauges,  and  thus  in  sight  of  the  fireman.  Thcve  are 
two  sfufety  valves.  One  of  these  is  of  external  dead 
weight  pendulous  construction.  This  valve  is  ex- 
tremely simple.  It  requires  neitiier  wings  nor  &ngs 
to  guide  it,  and  thus  has  noUiing  about  it  which  can 
8ti^  fast.  It  wag  brought  out  by  Mr.  Cowbnm,  of 
Uanchester,  and  numbers  are  in  satisfactory  opera- 
tion, not  only  under  the  inspection  of  our  association, 
but  on  boilers  generally.  Hie  other  safety  valve  is 
adapted  to  blow  ofi"  either  at  low  water  or  high 
steam.  This  is  most  important.  Should  the  water 
in  the  boiler  be  allowed  from  neglect  or  any  other 
cause  to  fall  below  the  desired  level,  this  safety 
valve  lifts,  and  thus,  allowing  the  steam  to  escape, 
removes  the  source  of  danger.  Many  hundreds  of 
these  eeSety  valves  are  in  work.  They  afibrd  a  very 
sure  protection  against  explosion  from  shortness  of 
water,  and  I  have  never  known  an  explosion  to  occur 
from  that  cause  whwe  these  valves  have  been 
adopted.  Their  universal  application  would  save  a 
great  mairy  livM  every  year.  It  is  sometimes  thought 
uat  iba  mteruaily-fired  boiler  is  peculiarly  liable  to 
injury  throuj^  shortness  of  wat«i-,  but  with  a  good 
and  liberal  complement  of  fittings,  such  as  that  jnst 
described,  including  a  low-water  safety  valve,  if  only 
under  the  charge  of  an  ordinarily  careful  man, 
explosions  from  such  a  cause  are  practically  im- 
possible, and  all  apprehension  may  be  dismissed. 

1183.  {Chmrman,)  Although  the  subject  to  which 
I  am  about  to  allude  is  not  exactly  connected  with 
our  present  inquiry,  yet  it  is  a  very  importuit  one, 
and  therefore  I  may  ask  whether  you  do  not  think 
that  explosions  may  sometimes  arise  from  the  circunw 
stance,  that  while  £be  fires  are  banked  and  all  is  going 
on  quietly,  say  at  night  times,  or  whenever  the  engine 
may  be  at  rest,  that  the  water  may  be  deprived  of  ib 
air,  and  thus  the  temperature  raised  ccmsiderably 
above  the  normal  boili^  point,  the  consequence  of 
which  vronld  be  to  render  the  watw  explosive^  since 
a  considerable  portion  of  it  would  flash  off  into  steam 
upon  a  slight  agitation.  This  result  has  frequoitly 
been  obtained  in  open  vessels.  The  boiling  point  of 
water  under  atmospheric  pressure  has  been  deferred 
from  212"  to  about  800°,  and  violent  exi^osions  have 
been  produced  in  consequence.  This  condttiou  of 
things  has  been  pointed  out  by  Professor  Henry,  of 
New  York,  as  well  as  by  a  Belgian  engineer  and 
others.  The  question  is  an  interesting  one,  and  may 
not  the  condition  of  things  just  reared  to  explain 
many  of  oar  steam  boiler  explosions,  apart  from  the 
question  of  shortness  of  ^water  or  other  n^lect  ?  Are 
not  the  condidons  those  to  which  attention  should  be 
directed  that  they  may  be  guarded  against  ? — ^I  have 
pud  smne  attenti<m  to  this  fsabjoet,  and  consulted 
some  eminent  chemists  specially  witii  legBid  to  i^ 
but  have  been  unable  to  ascertain  that  the  condhiraia 
you  have  referred  to  have  ever  been  acquired  except- 
ing in  glass  vessels,  or  that  they  ever  conld  be  in 
those  having  such  rough  surfaces  as  steam  boilers. 
The  answer  I  have  received  to  all  my  inquiries  baa 
been  that  it  is  extremely  improbable  that  those  con- 
ditions could  be  attained  in  %  ateam  boileri  Tha^ 
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however,  is  not  pronouncing  it  to  be  absdutely 
impossiUe.  This  ia  a  subject  it  clearly  would  be 
interesting  to  further  investigate.  I  believe  I  am 
correct  in  saying  that  all  the  experiments  in  which 
ebullition  has  been  deferred  merely  by  the  abstraction 
of  the  air  and  without  the  assistance  of  pressure,  that 
all  these  experiments  have  been  made  in  glass  vessels 
carefolly  rinsed  out  with  sulphuric  acid,  and  in  many 
cases  heated  in  a  bath,  in  order  that  they  might  be 
perfectly  quiescent,  as  any  little  agitation  spoUs  the 
whole  thing.  It  appears  to  me  therefore  that  such 
conditions  could  hardly  be  attained  in  a  steam  boiler, 
but  still  I  am  not  prepared  to  prove  the  negative  and 
demonstrate  its  impossibility. 

1184.  I  am  not  at  all  snre  what  the  result  may  be 
where  metalUe  boUers  are  used,  my  knowledge  not 
extending  bejrond  the  use  ot  glass  vessel^  but  cer- 
tainly with  giass  vessels  the  explosive  results  already 
referred  to  can  be  produced.  I  have  myself  produced 
them  in  Florence  oil  flasks,  and  in  the  ordinary  Italian 
wine  flasks,  with  greoay  matter  and  oi^nic  matter 
adhering  to  their  sides,  but  beyond  that  I  cannot 
speak.  There  is  another  condition  which  we  have 
constantly  exemplified  in  the  laboratory,  viz.,  that 
when  we  prciject  the  flame  upon  any  given  point  in  a 
vessel,  notwithstanding  the  conductive  power  of  the 
watei',  there  is  a  repulsion  set  up  between  it  and  the 
vessel,  so  that  a  portion  of  the  vessel,  though  under 
the  water,  is  yet  untouched  by  it.  In  consequence  of 
this,  after  a  short  interval,  explosion  oeours,  which 
in  glass  Teesels  knocks  out  the  bottom.->-llierB  is  no 
doubt  that  the  m/bsr  is  sometimes  driven  off  from  the 
plates  of  steam  boilers  firom  the  intense  action  of  the 
fire  where  the  ilame  impinges  locally,  and  acts,  as  it 
were,  something  like  a  blow-pip&  I  have  known 
cases  of  tiiis  sort.  In  these  the  plate  became  red 
hot,  in  consequence  of  which,  rupture  occurred. 
In  one  instance,  a  piece  of  plate,  something  like  a 
shield,  was  blown  out  of  the  side  of  a  boilw,  while 
the  boiler  was  not  moved  from  its  seat  or  damaged  in 
other  respects. 

1185.  {Mr.  Hartley.)  Would  that  have  arisen  if 
the  safe^  valve  had  been  ample  ? — There  was  nothing 
unusual  in  the  pressure  in  this  instance;  the  explosion 
arose  simply  from  the  flames  being  allowed  to  impinge 
too  severely.  The  boiler  in  question  was  a  vertical 
boiler,  fired  by  three  furnaces.  With  a  vertical 
heating  Bur&ce  the  steam  is  apt  to  creep  in  between 
the  water  and  the  plates,  and  thus  lead  to  Uieir 
overheating.* 

'Details  of  the  explosion  referred  to  above  iren  gireu  in  tbe 
AiBodatioa'B  Rioted  Monthly  Report  .for  Febnuny  1861^  tetm 
which  tlte  foUoving  extract  may  be  given 

"Ko.  6  cnplorion  -was  of  a  very  j^eenliar  cluiraeter,  inaxmach 
as  a  piece  of  plate,  having  a  nperficial  area  of  about  five  square 
feet,  was  torn  oat  of  the  nde  ct  Hat  boiler,  right  thronidi  the 
solid  metal,  and  shot  avay  by  the  ftmse  of  the  Btoun,  vlule  the 
bidler  remuied  in  its  plaee  unmoved,  and  in  other  respects 
intact.  Qytliefllglitofthisideoeof  {riate^  as  veil  as  by  that  of 
a  portion  M  Ae  briekvork  by  which  the  boiler  was  iurronnded, 
the  rot^Bng  trf  part  <rf  the  work*  at  which  the  exploaioo  occurred 
was  carried  away,  while,  in  addition,  two  mea  were  leriooaly 
iqjnred,  bat  fortunatelT  no  one  killed. 

**  A  few  days  after  tne  occorreoce  of  the  cxploaioa  I  visited 
the  woifcs  at  which  it  had  lu^peaed,  but  foimd  that  rqiaiis  to 
the  boikr  had  been  already  oommeneed,  and  the  rent  pbtes  eat 
oat,  so  that  I  had  not  bo  mvooiable  an  opportunity  of  cosdact- 
ingimy  investigationB  as  eoold  be  desired.  An  engineer,  how- 
ever, who  was  previoosly  frmiliar  with  the  boiler  and  all  its 
working  conditions,  and  who  examined  it  immediately  after  the 
explosion  occurred,  has  kindly  ftuniahed  me  with  a  ftall  report 
as  well  as  with  Bketefaes,  from  which  I  have  been  able  to  gain 
more  complete  partienlait  than  it  was  posnble  to  do  from  my 
own  exammation  alone  sahseqaent  to  the  exjdonon. 

"The  ezplodon  occoned  at  an  ironworks,  at  about  two 
o'clock  on  Ae  aftemooD  of  Thorsday,  Febmary  9th,  to  a  boiler 
which  was  not  under  the  inspection  of  this  association,  and  was 
one  of  nx,  whidi,  though  dtaated  at  different  parts  of  the 
w<^cB,  were  yet  connected  together,  both  by  the  steam  and  feed 
[npes.  It  was  of  the  externally-fired  npnght-ftimace  class,  so 
commonly  employed  at  ironwcoks,  and  was  constructed  to 
reonve  the  waste  heat  from  three  puddling  ihmaoes.  One  of 
these  had,  howarvcr,  been  exchuwed  tat  a  flre-nate  of  hu^ 
dbuuioiia,  ao  Aat  the  boiler  wu  lieated  h7  the  flames  passing 
<A  frcan  two  poddEng  furnaces  aad  from  one  fire-grate.  The 

1M68.      Tob  n,  Q 


1186.  (Chtdrman.)  Can  yon  give  us  anyinformo-       B  85 
tion  as  to  the  comparative  value  of  iron  boilers,  x.  E.  Fkteker, 
and  of  steel  boilers? — Tlie  South  Lancashire  and  Esq, 

Cheshire  Coal  Association  tried,  some  two  years  ago,  a   

very  extensive   series  of  experiments   under  my   1* J^ly^***®- 

superintendence  upon  the  valne  of  different  coals  and 

different  boilers.  In  these  course  of  these  experiments 

we  tried  the  evaporative  power  of  a  "Lancashire** 

boiler  with  iron  fumoce  tubes,  as  well  as  of  a 

"  Lancashire  **  boiler  with  steel  furnace  tubes.  These 

boilers  were  very  similar  in  construction  to  the  one 

shown  in  the  drawing  I  have  already  laid  before 

yon.   They  were  set  side  by  side,  both  of  them 

being  of  Uie  same  lengtl^  the  same  diameter,  and 

worked  under  similar  circumstancee.   In  fact  th^ 

were  precisely  identical,  witii  one  »oeption,  that  the 

height  of  ttie  boiler  was  24  feet,  while  its  diameter  was  7  feet 
9  inches  in  the  external  shell,  4  feet  in  the  central  desceDding 
flue,  and  2  feet  in  the  three  internal  branch  tubes,  which  radiated 
from  it,  the  plates  being  of  an  inch  in  thickneas,  and  the 
osual  working  pressure  of  steam  about  35  lb.  per  square  inch. 

"The  shape  of  the  piece  of  plate  that  was  blown  out  of  the 
Bide  of  the  boiler  nay  be  described  as  diat  of  an  irregular 
parallelogram,  measnring  aboat  8  feet  6  inches  vertically,  and 
I  foot  10  inches  horizontally  at  the  wideat  part  It  was  fnter- 
sected  aboat  mid-hright  horixontally  }sj  a  ring  seam  of  rivets, 
which  encircled  the  boiler,  and  at  this  Une  the  ^ected  plate  tore 
asunder  into  two  pieces  of  somewhat  equal  size,  while  the  other 
rents  round  ita  ciroomference  were  uroagh  the  Bolid  metal. 
The  hole  made  in  tbe  dde  of  the  boiler  was  mtnated,  as  nearly 
as  may  be,  on  a  level  with  the  inlets  to  the  central  descending 
flue,  and  a  little  to  the  right  hand  of  flu  one  fed  tma  the  &»• 
grate,  which  had  been  sabstituted  for  the  puddling  furnace,  ao 
that  it  will  be  seen  that  the  rupture  took  place  near  to,  but 
somewhat  below,  low-water  mark. 

"  The  cause  of  this  remarkable  rent  did  not  appear,  as  &r  as 
I  was  able  to  detect,  to  have  been  the  brittleness  of  the  plates, 
since  they  withstood  repeated  and  serere  blows  from  a  heavy 
hammer,  neither  does  tu  loeal  ehaiaeter  of  the  ii^ory  allow  of 
its  bemg  attriboted  to  overpressore  of  steam,  but  ihen  seems 
little  reason  to  doubt  that  the  rent  was  cansed  by  the  plates 
being  overheated,  since  it  appeared  npon  examination  that  the 
side  of  the  boiler  had  bulged  4  indies  outwards,  in  the  first 
place,  and  then  rent  down  the  centre  of  this  bulge  is  a  vertical 
direction,  folding  back  on  one  nde  very  mach  like  the  leaf  of  a 
book  or  a  door  on  its  hinges,  the  edges  of  the  plates  at  the  primary 
rent,  which  was  shown  to  be  such  by  the  direction  of  tbe  flight 
of  the  parts,  being  drawn  oat,  as  they  only  eoold  have  been 
when  the  metal  was  hot,  while  tibe  fraetttre  at  the  hinge  was 
Uiat  of  colder  metal. 

"  This  overheating  has  been  attriboted  to  shoitness  of  water, 
but  the  man  in  attendance  states  that  the  float  indicated  an 
ample  supply,  there  being  a  depth  (tf  3  feet  6  inches  over  the 
crown  of  die  central  descending  flue  tube;  and  that  the  feed  was 
not  only  going  into  the  boiler  when  the  ezidosion  occorred,  bat 
had  been  doing  so  fot  eome  time  previoosly,  while  it  may  be 
added  that  there  was  a  feed  back-pressure  valve  fixed  to 
Ae  bcdler  to  prevent  the  waters  returmng  throng  tiie  feed  pipe, 
and  that  the  float  is  reported  to  have  been  m  working  order. 

**  Shortness  of  water  is  by  no  means  essential  to  the  over- 
heating of  the  plates  in  a  boiler  when  they  are  pla^^  npon  by 
an  'intense  fire,  and  the  flames  allowed  to  unjange  locally, 
especial^  if  the  water  be  not  good;  and  many  cases  have  been 
met  wittt  in  which,  onder  these  <nrcamBtanc«s,  plates  have 
become  overiMated,  although  there  has  been  plenty  of  water  in 
the  boiler  at  the  time.  In  the  present  instance,  the  flames  from 
the  large  flie-grate,  -wtAeh  was  fed  with  eoal  instead  of  slack  in 
order  to  ruse  more  steam,-  played  directly  upon  the  vertical  side 
of  the  boiler,  and  Just  at  the  port  where  the  mptnre  occurred, 
while  the  water  cimtained  a  good  deal  of  looee  sludgy  deposit 
and  was  found  frequently  to  foam  up  and  cause  the  boiler  to 
jnime.  In  vertkal  heating  sorCaoes  the  steam  is  apt  to  cling  to 
the  dates  and  «mep  between  them  and  tbe  water.  Has,  in  the 
iqir^t  ringle  flue  lotenully-flred  fnnutee  bailer,  in  fteqneat 
use  at  ironworks,  has  been  foimd  to  have  Buch  an  iQjunoQS  eflbct 
upon  the  flue  tube,  and  lead  to  so  many  collapses,  that  tUs 
description  of  boiler  has  in  many  cases  beoi  discarded. 

"  There  is,  therefore,  every  probability  that  the  overhoating 
was  due,  not  to  a  deficiency  in  the  supply  of  the  water,  but  to  its 
being  driven  away  from  the  plates  by  the  r^d  elmllitlon  of 
steam  within  the  boiler,  caused  by  fhrioos  firing,  and  the  too 
local  impingenwnt  of  the  flames  upon  a  vertical  snrfiuie,  com- 
bined with  the  ose  itf  sludgy  water;  while,  in  addition,  it  is 
thought  that  this  view  ia  corroborated  by  the  fact  that,  when 
overheating  oeeors  in  eonseqoence  of  ordinary  shortness  of 
water,  the  plates  are  beared  in  a  line  parallel  with  its  sotftce, 
whereas  in  this  case  they  both  bulged  and  rent  in  a  line  at  right 
angles  to  it,  and  for  a  length  of  as  much  as  3  foet  6  inches.  So 
that  the  statement  of  the  fireman  may  after  all  be  correct,  that 
there  was  plen^  of  water  in  the  boilw  at  the  time  of  the  explo- 
sion, iriiile  its  oocBnenee  is  snly  anodur  illDstration  of  the 
daageroua  ahsnwtsr  of  Acse  extemally-flTed  upright  ftamoe 
boilem.'* 
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B  86  fbmace  tubes  were  of  iron  in  one,  and  of  steel  in  the 
L.  EFtadHr  The  reenlt  of  these  tnals  wes  that  we  could 

!ew      '  not  ascertain  any  practical  economic  adTimtage  in 
—        the  boiler  with  the  steel  furnace  tubes  over  the  one 
16  3tfy  1M9.   ^th  the  iron  furnace  tubes. 

  1187.  {Mr.  Hartl^.)  The  steel  was  proporUon- 

ately  thinner,  was  it  not  ? — ^ll>e  iron  furnace  tubes 
were  |th8  of  an  inch  thick,  and  the  steel  -ij^ths^  so 
that  there  was  only  the  difference  of  -jiffth  of  an  inch, 
while  iron  furnace  tubes  are  now  made  only  i^^hs  of 
an  inch  thick,  and  thus  as  thin  as  the  steel. 

1188.  {Mr.  Vivian.)  Did  you  find  any  advantage 
in  the  Galloway  boiler  ?— We  could  not  find  that  the 
Galloway  boiler  had  any  practical  advantage  over  the 
double  famace  tube  or  "  Lancashire  "  boiler,  either  in 
economy  of  fuel,  evaporative  efficiency,  or  prevention 
of  smoke. 

1189.  {ChairTnan.)  In  the  drawing  of  the  approved 
*'  Lancashire  "  boiler  you  have  presented,  I  perceive 
that  there  is  shovni  a  Green's  ec<momizer  ? — There 
is  an  econ<Hnizer  shown,  and  on  the  same  general 
principle  as  that  adopted  by  Mdssrs.  Green  ;  but  the 
scraper  in  this  instance  is  one  more  recently  patented 
by  Messrs.  Clayton,  of  Preston,  who  have  also  turned 
out  a  considerable  number  of  boilers  in  acoordanoe 
with  this  drawing. 

1190.  Is  there  any  real  advantage  in  the  intro- 
duction of  that  or  any  other  economizer  ? — There  is  & 
great  advantage  in  heating  the  feed  water  before  it 
passes  into  the  boiler.  The  advantage  is  twofold. 
First,  it  helps  to  keep  the  boiler  at  a  more  equable 
temperature  throughout,  and  thus  to  lengthen  its  life 
and  lessen  boiler  m^ers*  bills  for  repairs;  and, 
secondly,  it  cuts  down  the  coal  biU  by  utilizing  heat 
that  would  otherwise  esoi^  fixun  the  boiler  to  the 
chimneiy  without  doing  any  work.  The  economizer 
is  able  to  utilize  more  of  the  heat  in  tiie  gases  than 
the  boiler  can,  because  it  is  constanUy  undergoing  a 
process  of  scraping  which  is  not  applied  to  the  plates 
of  the  boiler. 

1191.  Are  you  alluding  to  Green's  economizer? 
— To  Green's  or  any  other  equally  effident 
arrangement. 

1192.  You  referred  to  the  scraping  of  the  water 
pipes  in  the  economizer  ? — Yes ;  that  is  a  most 
important  point,  and  I  believe  that  was  the  subject 
of  Green's  patent. 

1193.  And  in  which  there  must  be  a  considerable 
advantage  in  removing  the  matter  which  is  constantly 
accumulating  ? — ^Tt  aippem  to  me  on  the  face  of  i1^ 
that  such  must  be  the  case,  and  I  have  alwavs  under- 
stood that  experiment  has  shown  that  there  was 
oonsiderable  advantage  from  the  action  of  the 
scrapers,  while  loss  ensued  frnn  their  being  allowed 
to  lie  at  rest 

1194.  X  have  been  informed  in  Manchester  and 
other  places  that  by  the  introduction  of  the  econo- 
mizer as  much  as  25  per  cent,  of  fuel  has  been  saved. 
Does  your  experience  confirm  that  statement  ? — ^I  do 
not  doubt  that  an  economizer  might  efifbct  that  saving 
in  many  cases,  but  not  in  all.  Many  boilers  are  very 
extravagant,  and  send  a  good  deal  of  heat  to  waste 
np  the  ohimney.  In  such  cases  an  economizer  would 
have  a  good  chance.  But  other  boilers  are  not 
sending  so  much  heat  to  waste,  and  tiierefore  there 
is  less  to  economise. 

1195.  I  haTO  read  a  letter  frcHtn  a  firm  in  Bradford 
to  an  engineer  in  Mandhesier,  in  which  they  stated 
that  previously  to  the  introduction  of  GallowHy's 
tubes  and  of  Green's  ecoucnnizer  they  were  using 
7  Ibfl.  of  coal  per  horse-power  per  hour,  but  by  the 
introduction  of  those  improvements  they  only  use 
2|  lbs.  per  horse-power  per  hour.  The  economy 
there  appears  to  be  so  great  that  I  am  rather  disposed 
to  doubt  it.  I  do  not  know  whether  your  experience 
would  enable  you  to  say  that  there  is  anything  like 
correctness  in  such  a  statement  ? — ^I  am  aA-aid  &at  I 
should  be  as  sceptical  as  you  were,  and  certainly 
could  not  accept  the  statement  witiiout  very  con- 
siderable investigation.  Possibly,  in  addition  to  lay- 
ing down  the   economizer,  and  putting  in  the 


Galloway  tubes,  the  old  enginm  were  ttdcen  out,  and 
those  of  the  Corliss  construction  with  steam  jackets 
and  early  cut-off  substituted  for  them,  and  yonr 
informant  has  forgotten  to  mention  this.  In  &ct, 
from  your  mentioning  Bradford  I  rather  think  that 
sudi  must  have  been  the  case. 

1 196.  We  are  very  desirons  to  know  whether  tiiere 
is  any  great  advantage  from  the  use  of  economizers, 
and  therefore  I  am  desirous  of  testing  as  fiur  as 
possible  the  cases  which  have  come  under  your  own 
observation  ? — Economizers  certainly  are  very  valu- 
able adjuncts  to  a  boiler,  and  I  am  aJways  glad  to  see 
them  applied.  It  appears  to  me  that  they  are 
founded  on  a  sound  principle,  viz.,  that  of  keeping 
the  boiler  for  boiling,  and  the  heater  heating. 
When  the  two  operations  of  heating  and  boiling  are 
conducted  in  the  same  vessel,  differrat  parts  of  it  are 
apt  to  be  exposed  to  very  different  temperatures, 
which  is  found  to  be  very  trying  to  it,  but  whm  the 
boiler  is  wly  used  for  boiling,  undue  expansion  wd 
contraction  are  avoided,  whereby,  as  he&«re  stated, 
repairs  ore  kept  down,  and  the  life  of  the  Ixdler 
lengthened.  I  approve  of  eccoiomizers,  therefinre, 
highly,  but  at  the  same  time  should  not  wish  to  say 
that  as  a  rale  they  save  25  per  cent,  of  fael.  We  did 
not  find  that  the  economizer  saved  anything  ap- 
proaching to  that  amount  in  oqr  experiments  at 
Wigan.  There  the  boiler  was  well  set,  and  car^Uy 
fired,  and  vre  fonnd  that  the  gain,  was  about  10  per 
cent. 

1 1 97.  {Mr.  Vivian.)  In  these  experiments  at 
Wigwi,  what  pressure  was  used  in  the  boilere  ?— 
Atmospheric. 

1198.  Can  you  state  what  tiie  diffiBrence  in  the 
consumption  of  coal  was  when  the  watn-  vras  evapo- 
rated under  atmoepheric  pressure,  or  vrith  steam  at 
a  pressure  of  about  40  lbs.  or  SOlba.  ? — ^With  steam 
at  a  pressure  of  about  40  lbs.  or  SO  lbs.  we  evaponrted 
about  a  pound  of  water  less  per  pound  of  coal  tiion 
we  did  at  atmospheric  pressure. 

1199.  {Chair?nan.)  We  find  that  now  on  the 
average  7  lbs.  or  8  lbs.  of  coal  are  consumed  per  horse 
power  per  hour  throughout  the  kingdom,  while  at  the 
same  time  there  are  many  other  cases  in  which  the 
consumption  is  but  3  lbs.  uid  2|  lbs.  Do  you  con- 
sider that  we  are  likely,  within  a  comparatively  short 
period,  to  have  all  our  engines,  or  a  lai^  number  of 
tiiem,  consuming  only  about  3  lbs.  of  coal  per  L  H.  P. 
per  hour  ? — think  there  is  certainly  a  steady  improve- 
ment now  going  on,  imd  that  it  has  recentiy  reonved  a 
.ocmsiderable  stimulus.  The  {wogress,  however,  will 
be  gradual,  while  I  scarcely  thuk  that  its  rate  of 
dev^opment  is  depra^nt  on  mechanical  primnplM 
only. 

1200.  Yon  have  heard  w^t  Mr.  Anderson  said  on 
Mr.  Joule's  investigationt^  and  of  the  remote  distance 
we  now  are  from  realizing  the  full  value  of  the  coal 
we  bum  ? — I  did. 

1201.  Do  you  suppose  that  the  edooaiion  of  our 
engineers  is  going  on  in  that  direction,  so  that  we  may 
look  for  a  gradnal  advance  towards  that  theoretical 
perfection  ? — It  appears  to  me  that  it  will  be  a  long 
time  before  that  theoretical  point  is  attained. 

1202.  Is  it  not  the  case  that  in  a  large  number  of 
our  engineering  establishments,  and  ^so  with  many 
of  our  mechanical  engineers,  timt  they  are  rather 
following  in  a  beaten  track,  and  going  on  in  the  steps 
which  other  men  have  left  for  them,  than  working  out 
for  themselves  any  speinal  ^stem,  or  following  any 
inductive  course  ? — I  am  afraid  that  such  is  Ihe  case 
to  too  great  an  extent.  Indeed,  in  one  point  already 
alluded  to,  we  have  retrograded.  We  have  given  up 
James  Watts'  steam  jacket,  which  is  a  great  element  of 
economy.  Engine-builders  find  a  difficulty  in  making 
them,  and  I  know  of  no  engine-builders  in  Lan- 
cashire who  now  make  steam  jackets  as  a  rule  for 
miU  engines  but  Messrs.  Hick,  of  Bolton,  who  have 
recently  taken  them  up  in  connezi<m  with  the  Corliss 
engine  tdready  referred  to. 

1203.  There  have  been  numerous  inventioiu,  many 
of  them  patented,  for  the  prevention  of  smoke.  In 
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jour  experience,  what  h&s  been  the  result  of  these 
inventions  with  regard  to  eeonomy  ? — I  hardly  think 
that  any  economy  is  realized  by  them. 

1204.  You  do  not  think  therefin^  that  much 
economy  is  effected  by  the  prevention  of  smoke,  I 

r»tion  whether  ibete  is,  except  in  extreme  cases, 
this  leason,  that  the  last  veeiige  of  smoke  cannot 
be  extinguished  without  admitting  a  ^x>d  deal  more 
oxygen  to  the  fire  than  is  utilised  by  the  carbon,  and 
therefore  the  advanti^e  is  lost  by  the  superfluous 
amount  of  cold  air  introduced.  I  am  not  now  allnding 
to  extremely  smoky  chimneys,  but  to  those  cases 
where  ordinary  care  is  adopted.  There  may  he  a 
little  advantage,  but  taking  the  general  run,  I  do  not 
think  it  will  amount  to  much  on  account  of  ^e  excess 
of  air  that  must  be  admitted  to  the  furnace,  in  order 
to  consume  the  last  breath  of  smoke.  With  our 
present  practice,  we  do  not  utilize  more  than  half  the 
oxygen  passing  through  the  fire.  It  is  with  a  view 
of  utilizing  all  the  oxygen  that  Mr.  Crampton  has 
adopted  the  jdan  ot  burning  ooal  in  the  form  of 
dust,  while  he  endeavours  to  keep  the  heated  particles 
<^  carbon  so  long  in  ocmtact  with  the  ox^^en  that  all 
the  oxygm  may  be  ntilixed. 

1205.  In  Leeds  and  other  large  mann&ctnring 
towns,  where  of  course  there  would  be  a  very  great 
advantage  in  preventing  the  cloud  of  black  smoke 
which  is  constantly  floating  over  those  towns,  I  have 
inquired  whether  they  did  not  And  it  economical  to 
prevent  their  smoke,  when  the  reply  generally 
received  has  been,  ''It  is  no  doubt  advantageous  in 
**  many  cases  to  do  so,  but  it  costs  us  money  to  do 
**  it."  Would  that  be  confirmed  by  your  experimce  ? 
—It  might  cost  them  a  little  more  for  remuneration 
to  the  stokers  to  secure  a  higher  dass  of  men,  but 
nothing  fiirther.  The  experience  we  have  had  with 
tiie  monben  of  our  association  shows  that  for  tixe 
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prevention  of  smoke  it  is  only  necessary  that  the  B  87 
fireman  should  [wy  a  little  more  attention  to  the  X.  E.  Fl^ker, 
matter  than  is  ordinarily  done.  In  many  cases,  simply 
by  sending  a  truned  stoker  to  fiie  our  membera' 
boilers,  we  were  able  to  prevent  t3ie  iasoe  of  my  black 
smo^  anything  fur^er  than  an  occaocmal  pnfF  of 
light  brown.  Some  of  the  Anns  to  whom  we  sent 
had  been  indicted  under  the  Smoke  Nuisuice  Act, 
Mid  all  the  cases  to  which  we  sent  were  bad  ones  to 
begin  with. 

1 206.  Could  you  supply  us  with  an  abstract  of  the 
general  results  obtcuned  ? — In  reply  to  this  I  may 
give  you  the  result  of  the  association's  trained  stoker's 
operations  from  the  7th  of  September  to  the  81st  of 
December  1868.  During  that  period  he  visited  13 
different  works  and  operated  upon  63  boilers,  con- 
suming per  week  1,085  tone  <^  coal  in  the  grossa  and 
on  an  average  17^  tons  per  boiler,  while  the  mean 
rate  of  combustion  per  square  foot  of  fire-grate  per 
hour  was  18|  lbs.  Under  these  conditions  the  aver- 
age result  was  realized  of  alxnit  12^  mmutes  of  very 
light  smoke,  2^  minutes  of  brown,  and  one  third  of  a 
minute  of  blaok  per  hour,  which  is  certainly  very 
mnt^  below  the  amount  emitted  fmn  chimneys  gene- 
rally. The  conditions  under  which  the  trials  were 
made  were  not  by  any  means  the  most  favourable. 
In  some  cases  the  doors  had  no  perforations,  in  many 
of  those  that  were  perforated  the  area  was  too  limited 
while  some  of  the  fire-gratee  were  seven  ieet  in  length, 
which  is  too  loug.  These  trials  showed  that  much 
could  be  done  by  careful  firing  alone,  coupled  with 
the  admission  of  a  little  air  at  the  fire  door,  whicf^ 
shows  the  importance  of  having  all -fire  doors  fitted 
with  suitable  diding  grids  on  &e  ontdde,  and  per- 
forated box  baffle  plates  on  the  inude.  The  foUowisg 
is  a  tabular  statement  the  visita  just  reltored  Xo^ 
giving  particnhuB  of  the  furaaces  in  qoestion. 
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One  of  the  results  of  the  trials  at  Wigan  was  that 
we  found  short  fire-grates  to  be  more  economical  than 
loi^  ones,  and  thick  fires  than  thin.  As  a  conclusion 
of  the  whole  matter  it  may  be  stated  that  our  ezperi- 
leJnlylses.  ence  went  to  show  that,  as  a  rule,  carefiil  firing, 
■  -  .  coupled  with  the  admission  of  a  little  air  through  the 
fire  door,  was  sufficient  to  prevent  nearly  if  not  quite 
alt  the  snu^e  emitted  from  factory  chimneys,  and  to 
remove  all  practical  nnisaneo. 

1207.  (Jar,  Vtman.)  Do  yon  think  that  you  have 
reached  we  limit  of  ue  thickness  <^  the  fire  7 — The 
thickness  of  the  fire  is  limited  by  the  boilo'.  In  the 
experiments  at  Wigan  we  were  able  to  have  a  fire 
14  inches  thick  in  the  marine  multitubular  boiler,  and 
10  inches  thick  in  the  "  Lancasliire  "  one.  The  thick- 
ness of  the  fire  is  limited  by  the  size  of  the  firebox 
and  fire  tube,  while  there  are  other  questions,  such  as 
the  endurance  of  the  firebara,  to  be  taken  into  account, 
I  scarcely  think  a  thickoess  of  10  inches  can  be 
exceeded  in  a  "  Lancashire  "  boiler,  having  a  diameter 
of  7  feet  in  the  shell,  and  2  feet  9  inches  in  the 
furnace  tubes. 

1208.  {Mr.  Dickinson.)  In'your  visits  of  inspection 
do  you  now  and  then  meet  with  boilers  with  manifest 
imperfiactionB  of  construction,  such  as  having  man- 
holes not  strengthened  by  suitable  mouthpieces  or 
wrought-iron  rings  ? — ^Most  decidedly.  We  meet 
wiHk  a  great  number  of  boilers  without  manhole  mouth- 
pieces, but  we  always  recommend  that  they  should 
be  added,  as  there  have  been  a  great  many  explosions 
from  ;the  want  of  them. 

1209.  For  the  greatly  increased  pressures  which 
hare  been  reconuae&ded  by  «Hne  of  the  witneeses 


this  morning,  do  you  think  that  the  Manchester  Steam 
Users'  Association  and  the  Boiler  Insurance  Com- 
panies would  be  a  sufficient  check  upon  the  construe- 
tion  of  boilers,  or  should,  in  yonr  opinion,  some  other 
means  be  used? — We  refuse  to  guarantee  a  boiler 
unless  well  constructed,  and  therefore  we  have  fall 
controL  We  constantly  examine  new  boilers  for  our 
members  before  they  leave  the  maker's  yard,  and  have 
them  tested  by  hyi^uUc  pressure  np  to  120  lbs.  on 
the  square  inch.  Not  only  is  the  construction  of  the 
boilw  examined,  but  also  the  valToa  and  fittings,  while 
ft  drawing  is  made  for  reference. 

1210.  That  refers  to  tiie  boilers  in  connexion  with 
your  association  ? — Tea. 

1211.  Bnt  they  are  only  a  portion  of  those  in  use 
in  the  kingdom  ?— Quite  so. 

1212.  What  is  to  become  of  the  others  which  are 
not  under  similar  inspection  ? — That  is  a  question 
which  is  occupying  attention  at  present.  I  think  that 
something  should  be  done. 

1213-1249.  Have  you  made  up  your  mind  as  to  what 
that  something  is  ?— Our  association  has  already  taken 
Btepa  in  this  matter.  It  has  memorialized  the  Home 
Secretaiy,  requesting  him  to  instruct  and  empow 
all  coroners,  when  conducting  inquiriea  oanseqneDi 
on  Bteam-b(^er  explosions,  to  call  in  two  competent 
and  indepoadent  engineers  to  assist  in  arriving  at  the 
truth  in  each  case,  believing  that  fiuthfnl  investigation 
and  plain  speaking  would  by  themselves  do  much 
good.  At  present  the  inquiries  conducted  by  coroners 
with  regard  to  boiler  explosions  are  eminently  un- 
satisfactory.  The  truth  is  not  arrived  at  or  spoken 
as  it  ahoold  be. 


The  witness  withdrew. 


Charles  Greaves,  Esq.,  Old 

C.  Grtavetf       1250.  {Chairman.)  Yon  are  the  engineer  to  the 
Sag*        East  London  Waterworks  ? — I  am. 

  1251.  You   have   been    long    connected  with 

18  Jaly  1889,  engineering  of  a  similar  description  ?— t  have  been  in 
that  position  since  1851,  and  have  been  otherwise 
connected  with  steam  and  steam  mgines  all  my  life. 

1252.  You  will  be  able  to  give  us  information  upon 
the  question  of  the  economy  which  has  been  effected 
in  the  inroduction  of  steam,  and  as  to  what  we  may 
hope  for  in  the  future  ? — ^With  regard  to  the  economy 
which  has  been  produced  in  the  production  of  steam, 
and  in  the  use  of  it,  which  indii-ectly  works  back  to 
the  production  of  it,  to  reply  to  the  question  in  any 
condensed  form  is  not  very  easy.  It  depends  upon 
rather  an  elaborate  series  of  calculations.  The 
economy  which  has  been  produced  in  the  production 
of  steam  in  recent  years  has  certainly  been  owing  to 
the  use  of  a  higher  pressure  of  steam  than  was 
formerly  in  vogue,  and  the  improvements  of  various 
kinds  which  have  accompanied  it  have  all  led  in  the 
same  direction.  The  use  of  a  higher  pressure  of 
steam  has  been  accompanied  by  an  improvement  in 
Uie  construction  of  boilers  and  ^e  setting  of  boilers, 
which,  of  course,  has  all  led  to  the  same  end. 

1253.  There  has  been  within  the  Ust  20  or  30 
years  a  considerable  improvement  in  using  steam 
expansively.  Do  you  consider  that  we  as  nearly  as 
possible  approach  the  pdnt  to  which  expansion  can 
be  curied,  or  that  we  are  likely  to  carry  it  still 
further  ? — I  am  not  of  opinion  that  the  d^ree  of 
expansion  will  be  increased  at  all  bey<md  what  is 
now  in  prepress  in  the  better  class  and  better  con- 
struction of  machines. 

1254.  You  therefore  think  that  we  are  not  to  look 
for  economy,  in  the  production  of  power,  in  that 
direction  ? — do  not  think  that  in  the  immediate 
direction  of  a  higher  grade  of  expansion  we  shall 
obtain  very  much  economy  ;  but  the  improvement 
which  has  taken  place  in  the  condensing  of  steam  of 
late  years  has  led  to  great  economy  in  the  construc- 
tion of  engmes.  The  higher  grade  of  e^tansion 
which  has  been  lately  attained  has  been  accompaoied 
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with  a  better  system  of  condensation  and  a  much 
nearer  approach  to  a  perfect  vacuum. 

1255.  Can  you  state,  in  a  few  words,  the  extent  to 
which  economy  has  been  effected  in  that  direction  ? 
— I  do  not  know  that  I  can  state  it  in  a  few  words ; 
I  am  afraid  not.  The  way  in  which  the  economy  of 
the  btnler  and  the  eotmomy  of  the  engine  are  mixed 
up  together  renders  a  statement  of  the  economy  of 
consumption  of  fasl  raUierdifficolt  in  any  way  which 
is  confbrmable  with  the  way  in  which  it  is  commonly 
expressed.  In  all  flie  engines  and  boilers  under  my 
own  immediate  hands  I  have  for  many  years  estab- 
lished a  complete  system  of  measurement  of  the 
water  which  is  put  into  the  boiler,  thereby  obtaining 
a  direct  result  in  which  economy  or  waste  is  imme- 
diately visible.  By  that  means  I  have  a  distinction 
between  the  excellence  or  faultiness  of  a  boiler  and 
the  excellence  or  faultiness  of  an  engine.  That 
register  I  literally  maintain  on  all  my  boilers. 

1256.  That  course  gives  yon  themeans  of  testing 
with  considerable  accuracy  the  practical  result  from 
the  fuel  employed  ? — ^Yes  ;  just  as  it  would  if  I  had 
no  engine  at  aU.  I  become  perfectly  acquainted  with 
the  evaporating  power  of  any  aart  of  ftiel,  and  with 
any  method  of  firing  by  any  man  or  stoker  in  charge 

.  of  the  boiler,  and  with  any  system  which  may  be  the 
best  one  for  him. 

1257.  Could  you  favour  the  Committee  with  a 
tabular  statement  of  those  results  ?— I  have  not  the 
least  doubt  that  I  could  do  so.  I  can  give  them  to 
you  in  half-yearly  statements, 

1258.  We  mentioned  just  now  the  100-ineh 
cylinder  which  I  believe  that  you  have  at  Old  F<ud  ? 
— ^I  have  a  lOO'inch  cylinder  at  Lea  Bridge. 

1259.  Do  you  find  any  great  economy  in  the  use  of 
those  large  sized  cylinders  over  a  60  or  70-inch 
cylinder  P — ^No  great  economy.  Indeed  I  do  not  say 
that  there  is  any  economy  at  all  in  the  use  of  the 
cylinder,  especially  as  regards  expansion  or  the  move- 
ment of  the  nuM^iine;  Utere  is  an  economy  in  the 
wagesi  because  the  same  wages  will  carry  on  a  large 
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engine  as  well  as  a  small  one,  nnloBs  you  have  to  use 
two  sets  of  men  instead  of  one  set  of  men. 

1260.  I  suppose  that  we  may  legai-d  the  pumping 
engines  of  the  waterworks  -around  l^ondon  as  exam- 
piers  of  the  best  pumping  engines  now  in  use  in  the 
kingdom? — I  should  decidedly  sajjr  so.  We  spared 
no  expense  in  having  engines  whidi  we  conudered 
the  best  for  the  purpose. 

1261.  IbelieTe  that  the  first  Coroiah  engines  at 
Old  Ford  were  introduced  by  Mr.  Wickstead? — ^Yes; 
the  first  Cornish  ei^ine  was  brought  up  from  Corn- 
wall under  Mr.  Wickstead's  advice. 

1262.  Has  the  improvement  been  great  since  that 
first  introduction  ? — Not  with  respect  to  economy. 
That  engine  was  never  used  for  cutting  off  more  than 
one  third,  usmg  the  steam  two  thirds,  expansively. 
We  have  since  then  cut  off  to  one  fourth  and  one  fifth ; 
but  cutting  off"  to  one  fourth  is  the  rule  now  most 
suitable  for  Cornish  euglnes.  We  find  that  if  a 
higher  grade  is  attempted  with  higher  pressure  steam 
the  motion  of  the  cugiue  is  almost  too  swift  to  be 
suitable  for  the  ordinary  management  of  the  work. 

1263.  You  do  not  require  an  engine  of  swift  move- 
ment ? — If  the  stroke  of  an  engine  is  made  at  the 
rate  of  10  feet  in  a  second  it  is  fast  enough.  If  one 
had  to  do  experimental  work,  or  wislied  to  exhibit 
some  particular  excellence  or  cleverness  in  appear- 
once,  one  would  not  be  afraid  (having  all  things  well 
performed)  to  work  at  a  higher  degree  of  expansion ; 
but  as  these  things  have  to  be  done  every  day,  and 
fhm  morning  to  night,  it  is  not  advisable  to  go 
beyond  a  certain  degree. 

1264.  Have  yon  of  late  years  introdoced  any 
improvements  in  boiler  arrangements  ? — No ;  the 
boilers,  as  they  have  been  used  in  Cornwall  and  for 
Cornish  engines  for  the  last  30  years,  are  pretty 
stationary  in  their  character  and  design.  We  do  not 
find  it  advisable  to  extend  the  diameter  beyond  barely 
up  to  six  feet,  and  not  beyond  30  feet  in  length. 
We  find  it  advisable  to  work  with  one  tube,  and  rtien 
probably  not  to  increase  the  pressure  beyond  40  lbs., 
35  lbs.  bdng  our  usual  standard. 

1265.  How  much  coal  per  horse  power  per  hoar 
are  you  uung  ? — In  stating  any  rule  for  a  Cornish 
engine  it  mnst  be  remembwed  that  the  horse  powo- 
for  a  Cornish  engine  is  not  exactly  due  to  a  figure 
which  can  be  pointed  out.  The  rate  of  consumplaon 
of  fuel  is  from  3  lbs.  to  3^  lbs.  of  the  work  actually 
done.  A  Cornish  engine  has  no  nominal  speed,  and 
therefore  one  of  the  important  elements  of  horse 
power  is  wanting, 

1266.  What  is  the  average  duty  of  your  engines 
now  ? — It  is,  of  course,  dependent  upon  the  kind  of 
fueL  90  millions  is  the  speed  which  we  ai-e  expected 
to  make  wiUi  the  better  descriptions  of  fuel.  Our 
ordinaiy  working  duty  is  about  70  millions  with  the 
coal  which  on  the  wholo  we  find  the  most  econo- 
mical to  nse  for  the  pnipose. 

1267.  What  varieties  of  coal  do  you  employ  ?— 
The  purchase  of  coal  now  is  mostly  confined  to  the 
small  coal  and  to  the  fine  screenings  of  the  first  utd 
second  house  coal  of  London ;  that  is  a  fuel  which 
we  are  generally  able  to  buy  at  fVom  10«.  6d.to  llf. 
a  ton,  delivered  into  our  coal  bins  and  weighed  in; 
it  is  certified  weight.  With  that  I  have  found  it 
advisable  to  use  a  certfun  proportion  either  of  coke 
or  of  Welsh  coal.  The  reason  for  using  coke  or 
Welsh  coal  is,  that  when  a  fire  is  first  lighted,  or  the 
bars  have  been  cleaned,  the  small  coal  is  too  apt  to 
run  through  and  to  be  lost ;  and  in  laying  a  fresh  fire, 
and  drawing  out  a  fire,  after  it  has  been  banked,  it  is 
necessary  to  have  a  certain  proportion  of  coke  or 
Welsh  coaL  At  the  same  time,  after  that,  a  small 
pwtion  of  coke  or  Welsh  coal  may  be  wanted, 
beoanse  with  small  coal  it  may  bum  into  holes,  uid  then 
we  stop  them  with  coke  or  Welsh  coal.  It  is  always 
understood  that  the  stoker  has  a  small  quantity  of 
coke  or  Welsh  coal  ready  for  his  use. 

1268.  From  what  you  have  said,  do  you  suppose 
that  Uiere  is  no  very  considerable  econcony  to  be 


effected  in  that  class  of  engine  beyond  what  you  at 
pi-esent  have  ? — I  cannot  see  my  way  to  it.  I  have 
just  built  two  new  engines,  and  I  am  going  to  build 
three  more.  I  have  drawn  the  specification  with  all 
the  oxperience  which  I  have,  aad  I  do  not  know 
what  you  can  do. 

1269.  Then  in  that  particular  class  of  engine  we 
may  suppose  that  we  have  pretty  nearly  reached  the 
limit  of  economy  ? — Ye.".  Varieties  of  construction 
and  improvements  occasionally  arise.  I  am  now 
adopting  surface  condensing,  for  more  reastms  than 
one.  I  find  that  we  get  a  very  good  vacnnm,  and 
we  are  saved  a  very  vast  of  amount  of  water,  whidi, 
on  the  old  system,  was  generally  thrown  into  the 
sewer  when  it  had  done  its  duty,  and  was  a  very 
large  part  of  the  work  of  the  pumping  engine.  We 
have  always  adopted  steam  jacket  engines. 

1270.  Are  you  satisfied  with  the  present  con- 
struction of  boiler,  or  do  you  suppose  that  advantage 
might  be  derived  from  a  modification  or  a  new  con- 
struction of  boiler  for  your  purposes  ?— I  do  not  wish 
to  shut  my  eyes  to  improvement,  but  I  do  not  at 
present  see  in  what  direction  it  is  to  come.  I  have 
no  desire  to  make  boilers  longer  or  larger  or  more 
complicated,  or  to  use  higher  pressure  steam.  It  is 
advisable  to  reduce  the  number  of  holes  in  a  boiler  to 
the  least  number,  and  it  is  idso  desirable  to  have  the 
repairs  simple.  We  have  had  boilers  lasting  in  very 
good  condition  (of  course  not  wiUiont  repair)  for  25 
years,  and  after  ^ej  were  pulled  out  it  seemed  that 
they  hardly  should  have  been  pulled  out ;  whereas 
tiie  li&  of  a  sea-going  boiler  is  only  about  five 
years. 

1271.  {Mr.  Dickinson.)  You  like  a  boiler  with  one 
tube  ? — Yes ;  though  I  am  not  wedded  to  it. 

1272.  Have  you  tried  extensively  what  is  called 
the  Lancashire  boiler  ? — I  have  seen  and  have  one, 
but  I  do  not  like  a  large  diameter. 

1273.  Those  boilers  are  considered  more  eomo- 
mical  ? — I  have  never  considered  them  so. 

1274.  Have  you  come  to  a  decided  opinion  as  to 
whether  the  beam  engine  or  tho  direct  acting  engine 
is  the  better  ? — I  prorer  the  beam  engine.  'Hiere  are 
seven  or  eight  different  beam  engines  upon  the  Thames. 
I  prefer  the  beam  for  the  weight  of  the  beam,  not- 
withstandiag  the  pendulum. 

1275.  Li  answer  to  the  Cluurman  you  said  thai  the 
element  of  speed  was  not  included ;  iu  what  respect  is 
it  not  included  ? — ^The  term  "  horse  power  "  it  is  com- 
pounded of  pressure  and  speed ;  but  we  have  no 
established  speed  in  a  Cornish  engine.  You  drive  a 
rotatory  engine  up  to  certain  speed,  or  you  can 
assume  that  it  is  di-iven  up  to  a  certain  speed,  and 
you  can  then  take  that  item  of  speed  as  one  of  the 
elements  in  the  calculation  of  the  horse  power.  The 
expression  "  horse  power  "  necessarily  implies  speed. 
The  horse  power  is  33,000  lbs.  raised  one  foot  high 
in  a  minute ;  therefore  speed  is  one  of  the  elements  of 
the  term. 

1276.  Does  that  show  any  advantage  in  the  pumping 
engine  ? — We  do  not  use  the  horse  power  as  a 
measure  of  the  power  of  a  Cornish  engine,  nor  is  it 
used  in  Cornwall  at  all.  If  you  look  at  the  diameter 
and  the  strokes  of  the  engine,  one  man  has  60,  and 
another  man  82,  and  another  man  90,  and  the  distinc- 
tion of  power  is  so  well  understood  amongst  them  that 
they  do  not  adopt  at  all  the  expression  of  h<rse 
power. 

1277.  They  take  the  weight  of  vater  by  the 

admission  of  coals  ? — Yes. 

1278.  Have  you  at  aU  used  the  break  in  testmg  the 
power  of  engines  ? — ^Yes  ;  pardcnlarly  in  the  Agricnl- 
Hural  Sodety ;  they  are  ttH  tested  by  the  break. 

1279.  The  Agricultural  Society  have  adopted 
safety  valves  ? — Yes  ;  in  a  portable  engine  they  have 
a  s^ty  valve.  In  a  fixed  boiler  the  water  is  Inserted 
under  restriction,  but  not  in  a  portable  engine. 

1280;  {Chairman.)  Does  your  practical  experience 
enable  you  to  speak  with  regard  to  the  economy  in 
other  engines  tiian  the  pumping  ^ines  to  which  yoa 
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B  90  have  been  confining  your  attention  ?— I  have  a  fair 
C.  OnoMt,    knowledge  of  engines  of  most  kinds. 

^'9-  1281.  Will  you  favour  us  with  your  opinion  npon 

TT^iodfl  this  particular  question,  namely,  the  probable 
*  economy  of  coal  in  future  ? — I  do  not  think  that  we 
can  foresee  any  great  degree  of  economy  iu  the 
higher  class  of  engines  of  any  sort.  There  will  be  a 
considerable  deal  of  economy  as  the  style  of  engineer- 
ing improves  among  engines  in  general.  As  the  old 
engines  die  out  better  forms  will  be  constructed. 
There  are  many  things  which  tend  in  many  places  to 
an  extravagant  rate  of  combustion  and  an  extrava- 
gant use  of  machineiy.  At  the  east  end  of  London, 
amongst  the  sugar  bakers  and  many  similar  busi- 
nesses, their  use  of  coal  is  extravagant,  because  their 
premises  are  so  small.  They  are  confined  to  so  small 
a  space  that  their  boilers  are  up  stairs.  If  they  had 
a  larger  amount  of  boiler  power  for  their  work  they 
would  bum  less  fuel.  Of  late  years  the  portion  of 
work  done  by  the  atmosphere,  namely,  by  the 
vacuum,  as  it  is  generally  called,  has  been  larger  as 
the  construction  of  machinery  has  been  increased ; 
and  therefore,  as  the  power  of  the  atmosphere  is 
involved  without  the  expenditure  of  any  special  fuel, 
of  course  a  larger  proportion  of  work  done  in  that 
way  is  a  direct  economy.  Therefore  high  pressure 
engines,  however  well  they  mar  be  made  in  them> 
selves,  are  extravagant,  though  uiere  may  be  reasons 
for  using  them. 

1282.  Of  course,  as  coal  becomes  more  valuable 
there  will  be  a  natural  tendency  to  economise  in 
every  direction? — ^Evidently  there  will;  and  if  a 
serious  increase  in  the  value  of  coal  is  likely  to  take. 

The  witnflf 


place  it  will  have  a  very  con^derabla  e£foct  on  the 
multitadinoas  affiurs  of  the  countiy  whieh  are  carried 
on  by  steam  powo:. 

1283.  Seeing  Ibat  we  find  that  there  ia  a  much 
greater  economy  in  districts  where  coal  is  at  present 
dear  than  where  coal  is  very  cheap,  we  may  suppose 
that  as  the  coal  advances  in  price  in  tbe  future  a 
similar  economy  to  that  which  we  now  see  will  be 
effected  ? — Yes  ;  it  may  arise  either  from  an  increase 
in  the  price  of  coal  or  from  a  better  dlfiusion  of 
engineering  knowledge  and  engineering  principles. 
As  you  mentioned  to  a  previous  witness,  the  value  of 
ooal  in  Cornwall  was  the  great  reason  for  the  especial 
care  and  attention  which  was  bestowed  on  the  con- 
struction of  engines.  It  was  in  Cornwall  that  James 
Watt  made  the  largest  portion  of  bis  income  out  of 
his  patent.  Certain  parties  endeavoured  to  upset  his 
invention,  but,  fortunately  for  James  Watt,  they  were 
beaten,  because  their  invention  was  considered  as  too 
nearly  approaching  his  invention.  The  high  price  of 
Welsh  coal  and  the  productiveness  of  it  have  been 
established.  In  Cornwall  it  has  been  a  continual 
question  whether  copper  and  tin  could  be  wrought  at 
the  prices  which  they  fetched  in  the  market ;  and 
therefore  the  question  has  been  directly  raised  iu  the 
course  of  their  production. 

1284.  Is  thei'e  any  other  information  which  occurs 
to  you  which  you  can  give  us  upon  the  point  before 
us  ? — After  seeing  the  evidence  which  you  have 
collected,  it  is  possible  that  some  ideas  might  occur  to 
me  which  would  be  of  advantage,  but  at  present  I 
have  not  my  additional  evidence  to  give. 

withdrew. 
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1285.  (ChairmaTt.)  By  professicm  you  are  a  me- 
chanical engineer  ? — I  am. 

1286.  You  have  long  turned  your  attention,  I 
believe,  to  the  question  of  mecluuiical  power,  and 
specially  to  the  value  of  steam  as  a  mechanical 
agent  ? — I  have. 

1287.  You  have  placed  in  my  hand  a  prospectus 
of  a  combination  steam  boiler,  in  which  you  profess 
that  there  is  a  considerable  economy  in  combustion. 
Will  you  kindly  explain  it  to  the  membei's  of  the 
Committee  ? — I  have  long  been  of  opinion  that  the 
most  economical  boiler,  and  the  most  safe  boiler 
which  can  be  made,  must  be  formed  of  smaller  vessels 
than  are  now  used.  My  boiler  is  composed  of  a  series 
of  tubes;  there  is  no  rivet  in  the  boiler ;  each  of  the 
tubes  is  7  feet  6  long  and  9  inches  in  diameter, 
reprinting  a  surfiuse  of  17  square  feet  of  wrought 
iron,  ihe  iron  being  a  quarter  of  an  inch  thick,  and, 
this,  on  account  of  the  vessels  being  of  much  less 
diameter  makes  a  boiler  which  is  about  six  times  as 
as  strong  w  an  ordinary  Cornish  boiler,  becaase  the 
strength  is  in  inverse  pi-oportion  to  the  diametei'. 
These  wrought-iron  vertical  tubes  have  their  lower 
ends  inserted  into  tubular  cast-iron  foundation  pieces, 
which  make  good  the  water  connection  between  all 
the  tubes.  These  are  below  the  level  of  the  fire 
bridge,  and  are  imbedded  in  the  masonry  of  the  setting. 
At  the  top  there  are  also  cast-iron  portions  or  caps 
on  each  tube,  and  these  two  parts  are  secured  together 
and  made  perfectly  tight  by  a  tie  rod  which  passes 
through  the  centre  of  each  tube.  This  tie  rod  is  the 
imly  meaiu  which  I  require  for  keeping  the  base  piece 
and  the  orown  piece  together.  The  upper  part  i& 
connected  hj  small  wroug^t-iron  tubes  passing  from 
(me  to  the  ouio*,  and  the  whde  of  them  passing  to  a 
steam  pip^  which  carries  the  steam  into  the  engine. 
I  think  that  the  drawing  and  the  diagram  before  the 
Committee  wiU  sufficiently  show  the  simplicity  of 
the  setting  of  the  boiler.  It  is  just  set  in  a  brick 
chamber  or  ovei^  the  whde  of  the  boilor  being  within 


a  heated  chamber,  and  the  furnace  is  placed  in  front 
of  the  tubes.   It  is  the  entire  width  of  the  boiler. 

1288.  The  whole  of  the  tubes  are  placed  within  your 
brick  chamber? — ^Yes.  And  the  flue  ammgements 
of  the  chamber  are  rather  peculiar.  Opposite  to  eadi 
of  the  back  tubes  there  are  small  holes  in  the  wall  at 
three  different  levels,  which  commanicate  with  three 
horizontal  flues,  each  of  which  is  fitted  with  a  damper 
for  the  purpose  of  regulating  the  distribution  of  heat 
within  the  chamber. 

1289.  Each  of  those  tubes  represents  one  horse 
power  ? — Yes. 

1290.  Can  you  make  any  power  which  you  please 
by  the  addition  of  those  tubes  ? — Yes.  And  there 
are  other  great  advantages  in  having  a  boiler  com- 
posed of  identical  parts ;  any  one  horse  power  can 
be  removed  or  renewed  witibout  disturbing  the  re- 
mainder, and  the  facilities  for  transport  and  erection 
in  difficult  situations  ard  greatly  increased. 

1291.  With  regard  to  the  economic  valiw  of  that 
boiler,  what  have  you  to  state? — I  will  state  my 
reasons  for  the  economy.  First,  I  say  that  the  whole 
bulk  of  the  water  is  nearer  to  tiie  fire  surface  than  in 
boilers  of  usual  construction.  In  my  boiler,  no  point 
of  it  can  be  more  than  four  inches  from  the  sinface 
of  the  tubes  containing  it.  Secondly,  iJie  water 
content  is  very  small  as  compared  with  other  boilere, 
while  the  firegrate  is  the  same,  and  the  heating 
surface  greater  in  proportion  to  the  nominal  hoise 
power.  Therefore  the  efiect  is  more  concentrated, 
and  each  particle  of  feed  water  introduced  is  more 
rapidly  converted  into  steam.  Thirdly,  the  whole 
sur&ce  of  the  boiler  is  healang  surftce,  and  since  all 
parts  are  hotter  than  the  steam  genen^ed  there  can 
be  no  loss  of  steam  by  radiatwn  frvmi  the  bntei^ 
Burfkce.  The  boiler  is  entirety  in  the  ovcra  j  there  is 
no  part  of  it  outside,  and  there  is  no  part  to  radiate. 
I  think  that  is  a  reason  why  we  should  save  very 
considerably.  The  fourth  reason  for  the  economy 
obtuned  by  this  boiler  is  that  the  combustioo  of  the 
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fuel  is  effected  in  a  brick  furnace,  and  the  heat 
it  then  applied  to  the  boiler  ;  and  it  is  I  believe 
admitted  hj  the  best  aathorities  that  more  heat  can 
be  obtwned  in  this  -way  than  hj  combustion  in  an 
iron  furnace  surrounded  by  water,  because  the  heat  is 
not  carried  off  until  perfect  cconbustion  is  attained. 
Hence  we  hare  less  tunoke  and  more  heat.  Then, 
flfUily,  I  aecnre  superabundant  strength  in  a  boiler  of 
this  oonsbuetion  with  half  the  usual  thickness  of 
metal,  and  Uierefore  the  resistance  to  the  (wssage  of 
heat  to  the  water  is  only  one  half  from  this  smnrce. 

I  use  only  the  wrought-kon  tabes  as  the  evaporating 
surface  of  my  boiler,  and  these  have  a  uniform  thick- 
ness of  a  quarter  of  an  inch,  while  the  principiJ  fire 
plates  of  good  Cornish  boilers  Bi*e  half  an  inch,  and 
those  water-tube  boilers  in  which  cast  iron  is  placed 
over  the  fire,  have  more  than  an  inch  of  thickness 
in  these  parte.  You  have  asked  me  for  the  practical 
economy  of  these  boilerB.  I  may  say  that  in  experi- 
ments I  have  frequently  evaporated  as  much  as 

II  lbs.  of  vater  with  1  lb.  of  fhel.  But  rather  than 
give  you  my  own  expo'ienee  upon  the  su^ect,  I 
prefer  to  giye  you  the  statement  of  a  Cornish 
engineer.  This  statement  was  drawn  up  at  my 
request.  It  is  usual,  as  yon  are  well  aware,  to  keep 
veary  exact  accounts  of  the  cral  used  in  C<nmidi 
engines,  and  therefore  I  preferred  sending  to  him  for 
a  statement  of  what  his  use  of  coal  had  been  for  scnne 
months.  And  he  sends  me  this.  This  is  just  as  he 
sent  it  to  me.  "  A  statement  of  the  quantity  of  fuel 
consumed  by  Jordan's  combination  toiler  at  Redruth 
and  Chasewater  Railway  Company's  works,  Devoran, 
Cornwall.  The  boiler  is  five-horse  power  nominal, 
driving  a  horizontal  high-pi-essure  engine,  which  is 
working  up  to  six-horse  power  indicated.  The  only 
fbel  used  is  the  dead  slack  screened  from  Newport 
coal,  mixed  with  the  small  breeze  which  is  blown 
through  the  tubes  of  the  locomotives  used  on  the 
company's  railway,  my  boiler  being  employed  at  their 
works."  They  of  course  take  the  cheapest  fuel 
^at  ibej  can,  and  it  happens  to  be  breeze.  It 

-  appears  that  during  the  month  of  September  they 
used  55  cwL  of  sn^  coal  and  44^  cwt.  of  breese 
in  25  working  days.  In  October  they  used  60  cwt. 
of  small  coal  and  44  cwt.  of  breeze  in  27  working 
days.  In  November  they  used  53^  cwt.  of  small 
coal  and  39  cwt.  of  breeze  in  26  working  days. 
In  Deofflnber  they  used  55  cwt.  of  small  coal  and 
35^  cwt.  of  breeze  in  24  working  days.  In  Jan- 
naiy  they  used  55  cwt.  of  small  coal  and  37^  cwt. 
of  breeze  in  24  working  days.  In  February  they 
nsed  48  cwt.  of  small  coal  and  33  cwt.  of  breeze  in 
22  working  days.  In  March  they  used  54^  cwt. 
of  small  coal  and  32  cwt.  of  breoe  in  26  working 
days.  In  April  tliey  lued  60  cwt  of  small  coal  and 
48  cwt.  of  breeze  in  25  working  days.  Making  a 
total  of  441  cwt.  of  small  coal  tad  815  cwt.  of 
breeze ;  the  working  days  being  199.  The  cost  of 
this  fuel  is  very  sm^  indeed,  one  portion  of  it  being 
entirely  waste  material,  namely,  the  breeze,  and  the 
other  is  the  very  small  coal  which  is  sifted  out  by 
coal  merchants  before  they  can  sell  their  coal  to  their 
customers.  In  the  first  month  the  cost  of  the  fuel 
came  to  H.  18*.  7W. ;  in  the  second  month  it  came 
to  21.  Is.  i  in  the  third  month  it  came  to  ll.  IBs,  6d. ; 
in  the  fourth  month  it  came  to  1/.  IBs.  4^.;  in  the 
fifth  moa&i  it  came  to  11.  I6s.  l(Ad.;  in  the  sixth 
month  it  came  to  U.  12f.  3d.  ;  in  the  seventh  month 
it  came  to  U  17«.;  and  in  the  eighth  month  it  came 
to  21.  Of.  9d. ;  making  the  total  cost  for  the  eight 
mon^B  141.  19$.  4|d.  Hie  cost  per  day  per  horse 
power  was  3d,  Of  course  it  is  a  remarkably  low 
figure,  but  then  they  have  a  chei^  material.  The 
average  length  of  day  is  10  hours.  The  total  number 
of  pounds  is  84,672,  and  the  number  of  days  is  199, 
which  gives  425  lbs.  per  day,  and  the  average  length 
of  the  day  being  10  hours,  we  have  42*5  lbs.  used 
per  honr;  and  we  have  7'1  lbs,  per  horse  power  per 
hour  under  those  cdrcumstances.  But  as  Uie  evapo- 
rative power  of  this  fuel  as  compared  with  coal  is  less 
than  three  fourths,  we  have  7  x  3  4-  4  =  5-  32  lbs. 

Q 


of  coal  per  horse  power  per  honr.    Yon  must  take      B  91 
into  consideration  that  it  is  not  a  condensing  engine   7*.  J.  JonftM 
and  does  not  expand  its  steam. 

1292.  I  have  in  my  hand  rather  a  special  case  of  —» 
economy  ;  but  taking  the  general  conditions  of  coal,   16  Joly  1MB. 
what  would  be  the  economy  of  your  construction  ?—  — — — 

I  believe  that  if  this  boiler  was  extensively  used  the 
general  consumption  of  it  would  be  something  like 
5  lbs.  per  horse  power  per  hour.  I  think  that  I  am 
stating  it  against  the  boiler  rather  than  in  &Tonr 
of  it. 

1293.  The  great  economy  of  your  boiler  will  be  in 
its  construction  ? — Yes.  I  think  that  the  best  test  of 
a  boiler  is  the  number  of  pounds  of  water  which  it 
will  evaporate  by  the  consumption  of  a  pound  of  fuel. 
The  estimate  of  its  efficiency  ought  not  to  be  mixed 
up  with  that  of  the  engines,  because  they  are  so 
different  in  quality  and  construction  that  it  is  im- 
possible to  test  the  character  of  the  boiler  by  the  doty 
of  the  engine.  My  boiler  will  evaporate  eleven  pounds 
of  water  with  one  pound  of  fuel. 

1294.  (^Mr.  Geddes.)  Is  your  boiler  extensively 
nsed  ? — ^The  date  of  the  patent  is  1865.  It  has  not 
had  time  to  get  mto  very  extensive  us^  bat  still  it 
is  ccmsiderably  used. 

1295.  {Chairman,)  What  ui  your  opinion  with 
regard  to  Uie  fhtore  econooay  of  coal  in  the  produo- 
tion  of  steam  power  ? — ^I  think  that  we  have  to  lock. 
to  the  boiler  rather  than  to  the  engine,  and  I  think 
that  great  economy  is  to  be  effected.  The  evidence 
which  has  come  before  this  Committee  is  most  valu- 
able. If  the  plan  of  crushing  the  coal  and  blowing 
it  info  the  furnace  could  be  brought  into  operation  on 
a  well  constructed  tubular  boiler,  I  hare  no  doubt 
that  we  should  have  greiUest  economy  which  is 
practicable. 

1296.  As  Chairman  of  this  Committee,  I  received 
a  few  days  since  a  letter  from  a  person  stating  that  he 
had  no  doubt  that  we  should  substitute  smne  other 
means  of  producing  mechanical  power  than  that  which 
we  obtained  from  combustion.  I  know  that  you  have 
turned  your  attenldon,  amongst  other  matters,  to  the 
application  of  elec^city.  Do  yon  think  that  we  can 
look  forward  practically  to  the  principle  of  applying 
electricity  as  a  motive  power  ? — ^I  think  that  there  is 
not  the  slightest  chance  of  it. 

1297.  We  must  stiU  look  fra-  our  manufacturing 
supremacy  to  the  use  of  coal  as  the  agent  which  shall 
give  us  the  power  of  doing  our  work  ? — Judging 
n-om  the  relative  cost  of  coal  and  other  materials 
such  as  we  must  use,  if  we  have  electrical  power 
there  is  no  doubt  that  we  cannot  do  vrithout  ecu. 

1298.  Have  you  any  knowledge  of  caloric  engines  r 
—I  have  seen  tiiem,  bnt  I  cannot  give  any  evidence 
wiUi  respect  to  them.  I  have  no  definite  information 
from  which  I  could  speak.  I  have  never  had  any  one 
of  them  under  my  care. 

1299.  Do  you  suppose  that  air  may  be  substituted 
with  economy  for  water  vapour? — I  think  not.  I 
think  steam  will  always  have  the  advantage. 

1300.  Some  years  since  I  was  applied  to  by  some 
gentlemen  at  Swansea  for  the  purpose  of  making 
experiments  upon  electricity  as  a  motive  power. 
They  assured  me  that  if  the  cost  was  50  times  that 
of  coal  it  would  be  an  economy  to  them  if  they  could 
use  such  an  arrangement  on  board  those  ships  which 
were  bringing  copper  from  South  America.  Do  you 
suppose  that,  within  such  limits  of  cost;  it  is  possible 
that  we  may  hope  to  apply  electricity  as  a  motive 
power,  from  Uie  experiments  which  you  have  made 
up(Hi  that  pomt  ?— I  think  that  it  is  about  40  years 
since  I  did  mnch  in  that  way,  and  my  omviction  then 
vas  that  there  ^iras  no  wobability  of  its  ever  being 
commercially  useful.  Tlie  cost  of  it,  as  compared 
with  coal,  u  so  very  great  tliat  there  is  no  probability 
of  its  ever  being  used. 

1301.  Will  not  that  result  from  the  circumstance 
that  in  one  case  we  are  burning  carbon  and  in  the 
other  case  we  are  burning  zinc  ? — ^Yes. 

1302.  And  therefore  the  question  will  be  as  to  the 
relative  cost  of  those  two  agents  from  which  m  are 
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5  92  deriving  onr  power  ?->Te8  ;  we  must  nse  zinc  instead 
T.B.Jvrdemt  of  coal. 

Saq.  1303.  And  therefore  we  must  still  use  coal  in  order 

"-— -  to  maintain  our  snpremacy? — Yea,  There  is  another 
ic  July  1669.  ^jijjggtjon  ^  using  electro-magnetism  as  a  motive 
power,  namely,  that  the  force  diminishes  so  rapidlv 
ih>m  the  point  of  contact.  We  want  force  through 
space.  You  can  get  force  with  electricity  very  wdl, 
but  you  do  not  get  the  apace  passed  through. 

1304.  Then  your  opinion  is  that  by  modifications  of 
the  forms  of  boilers,  amongst  other  improvements,  we 
may  look  forward  to  a  very  considerable  economy  in 
the  use  of  coal  ? — Yes.  I  should  look  forward  in  the 
future  very  confidently  to  a  general  reduction  in  the 
quantity  of  coal  to  what  the  best  engines  do  now  ; 
that  is  to  say,  using  3  lbs.  of  coal  instead  of  usii^  6  lbs. 

1305.  {Mr^DUkifuonS)  Your  boiler  is  one  of  those 
whidi  has  no  outer  shell  to  it  ? — It  is  a  water  tube 
boiler. 

1306.  Thwefnre  you  can  get  np  any  amount  of 
pressure  in  it  ? — "tea  ;  we  Iwve  only  to  reduce 
sise  of  the  tube,  and  we  gain  immensely  in  strongth. 

ISCyr.  And  even  if  an  explosion  took  place  it  would 
be  most  likely  only  in  one  tube? — Yes.  I  have 
omitted  one  point,  namely,  that  there  is  not  the 
material  present  to  create  the  great  mischief  which 
is  now  done.  The  reason  why  the  mischief  is  so 
fearful  when  an  explosion  takes  place  is  that  tons  of 
water  are  pr^nt  in  the  boiler  above  steaming  point. 
Then,  directly  a  fracture  occurs,  and  the  pressure  on 
the  water  is  relieved,  all  the  water  in  that  boiler  which 
is  above  the  evaporative  point  will  fiash  into  steam. 
Hence  we  have  thousands  of  feet  of  steam  and  tons 
of  water  up  to  213  dt^rees  to  rash  about  the  premises, 
and  to  destroy  whatever  it  comes  in  contact  with. 
Now  this  boiler  only  contains  comparatively  a  few 
gallons  of  water. 

1306.  You  have  described  the  advantages  of  your 
boiler.  Is  thero  not  a  disadvantage  in  having  to  securo 
your  boiler  in  a  close  brickwork  chamber,  that  that 
brickwork  chamber  would  deteriorate  very  much 
faster  than  a  shell  of  iron,  such  as  is  the  case  with  a 
common  boiler  ? — I  think  not. 

1309.  What  is  the  actual  result  ? — The  actual 
result  is  that  these  boilers  and  the  oven  stand  re- 
markably well ;  such  a  boiler  has  stood  for  four  years, 
and  has  never  been  repaired }  there  is  one  which  has 
been  at  work  day  and  night  for  the  last  two  and  a 


half  years,  and  we  have  not  found  it  deteriorate  at 
all.  The  only  part  which  deteriorates  is  the  arch 
over  the  fire.  Of  course  we  have  to  repair  this  occa- 
sionally. That  is  not  the  oven  in  which  the  boiler  ia 
situated,  but  it  is  the  part  over  the  fumacoi  and  it 
requires  repair  occasioitally. 

1310.  What  is  the  diameter  of  the  tubes  ?— Nine 
inches.  I  have  not  attempted  to  explain  to  you  what  I 
consider  to  be  all  the  advantages  of  the  boiler  because 
your  inquiry  is  directed  only  to  the  economy  of  fueL 

1311.  Have  you  seen  a  boiler  which  is  made  out  of 
a  series  of  cast-iron  balls  ?— I  have  heard  of  it. 

1312.  You  cannot  apeak  to  the  advantages  or  the 
disadvantages  of  it  ? — No. 

1313.  If  there  is  leakage,  or  if  it  explodes,  there 
will  be  little  disadvantage  ?— Yes  ;  but  I  believe  that 
it  is  open  to  the  objection  of  all  cast-iron  boilers.  I 
am  told  that  the  practical  defect  of  that  btnler  is  the 
difficulty  of  keeping  the  joints  tight. 

1314.  The  objection  to  caat-iron  boilers  is  generally 
recognized,  and  in  Belgium  they  are  prohibited  by 
law  ?— -They  aro  j  but  t^  get  rid  of  all  the  difficoltj 
of  rivets  ;  there  are  no  rivets  at  all. 

1315.  (Mr.  Vivian.)  Is  there  any  liability  of  the 
tul>es  heiug  coated  with  soot  ? — ^Yes  ;  they  do  get  a 
little  coated  on  the  outside,  and  the  chamber  is  so 
made  that  we  can  get  at  it  finnn  the  ends,  and  from 
top  to  bottom. 

1316.  You  are  obliged  to  do  it  mechanicallj  ? 
— Yes  ;  we  do  it  every  fortnight  or  three  weeks.  The 
deposit  on  the  inside  of  the  boiler  is  taken  out  fiom 
the  bottom. 

1317.  {Mr.  Geddes,)  I  observe  that  in  one  of  yon 
comparisons  you  have  used  anthracite  coal  conpared 
with  the  coal  which  you  have  spoken  of ;  was  there 
any  reason  for  using  anthracite  coal  ? — I  am  not  aware 
of  any  reason  for  doing  so.  I  did  not  notice  that  any 
anthracite  coal  had  been  used. 

1318.  (Ckairman.)  There  is  an  entnr  of  three  tona 
of  anthracite  at  209.,  making  60«.  ? — That  was  used 
in  a  Cornish  boilei*  in  comparison  with  mine. 

1319.  {Mr.  Geddea.)  Is  thero  any  reason  why 
anthracite  was  specially  used  ? — I  suppose  tiiat  they 
found  it  the  cheapest  coal  for  that  particular  boiler. 

1320.  {Chairman.)  Is  there  any  other  point  upon 
which  you  can  enlighten  us  with  rogard  to  the 
economy  of  coal  ?-~I  shall  be  very  glad  to  furnish 
any  information  I  have  which  yon  may  require. 


The  witness  withdrew. 


Adjourned. 


JOBDAN'S  COMBINATON  BOILER. 
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Heuoranddu  on  the  Ventilating  Fireplaces  used 
in  Barracks  and  other  Military  Buildings,  by 
DougUs  Gralton,  C^.,  FJ{.S.,  (late  a  captain 
Bojal  Engineers,)  Assistant  Under  Secretarj  of 
State  for  War. 

The  ventilating  fireplace  mentioned  by  Mr.  S.  A. 
Cowper  was  designed  by  me  at  the  time  when  I  was 
employed,  in  conjunction  with  the  late  Lord  Herbert 
of  Lea,  J.  Sutherland,  Esq.,  M.D.,  and  Staff  Surgeon 
Burrell,  to  improve  the  sanitary  arrangements  of 
existing  barracks  and  military  hospitals. 

It  became  apparent  during  the  early  part  of  our 
enquiries  that  it  was  necessary  to  introduce  fresh  air 
apon  a  large  scale  into  soldiers*  barrack  rooms ;  but  it 
was  useless  to  attempt  to  introduce  fresh  cold  air  in 
connection  with  the  existing  open  fireplaces,  because 
the  soldierg  oompluned  of  the  draughts,  and  invariablpr 
closed  ereiy  opening,  in  whatever  part  of  the  room  it 
was  placed. 

It  became  necessary,  therefore,  to  devise  some 
system  of  supy  lying  warmed  air.  The  Committee 
decided  to  retain  open  firelaces  in  barrack  rooms, 
and  to  keep  eacili  baiTack  room  independent  of  other 
barrack  rooms  in  respect  of  its  ventilation,  partly 
because  of  the  strong  feeling  of  the  military  autho- 
rities in  favour  of  open  fireplaces,  and  of  their 
efiBciency  as  a  means  of  ventilation  ;  partly  because  of 
the  frequent  variations  of  numbers  in  ban-acks  ;  and 
partly  because  a  system  of  ventilation  by  wai*med  air 
without  fireplaces  had  proved  unsatisfactory  in  a 
Darrack  where  it  had  been  in  use. 

The  then  existing  haixack  fireplaces  were  most 
wasteful  of  heat. 

In  some  experhnents  mudo  to  measure  the  quantity 
of  air  removed  from  a  barrack  room  by  the  chimney, 
my  attention  was  called  to  the  high  temperature  at 
the  top  of  the  chimney  which  was  in  excess  of  what 
was  wanted  for  creating  draft  fon  ventilation  ;  I  there- 
fore determined  to  endeavour  to  utilize  a  part  of  this 
heat,  otherwise  lost,  for  warming  fresh  air  to  be  intro- 
duced into  the  room,  instead  of  resorting  to  hot 
water  coils,  or  other  means  for  supplying  wanned  air. 

The  action  of  an  open  fireplace  upon  the  air  of  a 
room  with  closed  doors  and  windows  determines  the 
ptrfnt  at  which  fresh  air  should  be  admitted  in  order 
to  cause  the  smallest  amount  of  draught.  The  air  is 
drawn  along  the  floor  towards  the  grate  ;  it  is  then 


warmed  by  the  radiating  heat  of  the  fire  ;  and  part  is 
carried  up  the  chimney  with  the  smoke,  whilst  the 
remfdndcT  flows  upwan^  near  the  chimney  breast,  to 
the  ceiling.  It  passes  along  the  ceiling,  and,  as  it 
cools  in  its  progress  towards  the  opposite  wall, 
descends  to  the  floor,  to  bo  again  drawn  towards  the 
fire-place.  It  follows  from  this  that  the  best  position 
in  which  to  deliver  the  fresh  warm  air  required  to 
take  the  place  of  that  which  has  passed  up  the 
chimney  is  at  some  convenient  point  in  the  chimney 
breast,  between  the  chimney  piece  and  the  top  of  the 
room  ;  for  the  air  thus  falls,  consequently,  into  the 
current  and  mixes  with  the  air  of  the  room  without 
perceptible  disturbance. 

The  fireplace  may  be  briefly  described  as 
follows : — 

It  consists  of  three  pieces  pn^eriy  connected  by 
screws.  The  first  piece  forms  the  moulded  prcgecting 
frame,  the  second  the  body  of  the  grat&  and  the 
third  the  nozzle  or  connection  with  the  smoke  flue,  the 
bottom  flange  of  which  is  bolted  to  the  back  of  the 
grate.  The  fireplaces  for  barrack  use  are  of  three 
sizes.  The  largest  has  an  opening  for  fire  of  1  ft. 
9  in.  wide,  and  was  intended  for  rooms  containing 
from  8,000  to  12,000  cubic  feet;  it  weighs  about 
3  cwt.  1  qr.  10  lb.  The  second  or  medium  size  has 
an  opening  for  fire  I  ft.  5  in.  wide,  and  was  intended 
for  rooms  containing  from  3,600  to  8,400  cubic  feet ; 
it  weighs  about  2  cwt.  3  qrs.  5  lb.  The  third  or 
smallest  size  has  an  opening  for  fire  1  ft.  3  ins.  wide, 
and  was  intended  for  rooms  containing  3,600  enbie 
feet  and  under  ;  it  weighs  about  2  cwt.  2  qrs. 

The  sketches  appended  (  Woodcuts  No.  I  to  No.  5) 
show  an  elevation,  section,  and  plan  of  the  second 
or  medium  sized  stove,  the  extreme  dimensions  of 
which  are  40  ins.  wide  by  42  in  height ;  the  pro- 
jecting moulded  frame  was  devised  for  &e  purpose  of 
enabling  the  stove  to  be  applied  to  any  existing 
chimney  opening. 

The  fire  place  has  a  lining  of  fire  lumps  in  five 
pieces  ;  two  sides,  one  back  piece,  Mid  two  bottom 
pieces,  moulded  to  the  foim  shown  in  the  wooden^ 
The  bottom  is  partly  soUd,  being  made  of  two  flrfr- 
lumps  placed  one  on  each  side,  and  supporting  an 
intermediate  cast-iron  fii'e  grating,  which  occupies 
about  one-third  of  the  bottom  of  the  grate.  By  this 
means,  whilst  the  draft  is  checked  and  the  consump- 
tion of  fuel  reduced,  a  sufficimt  supply  of  air  fat  com- 
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No.  3. 

Eieration  showing  Air  and  Smoke  S'laes. 


No.  4. 

SMtion  of  ft  Boom  Bhoving  Air  Duet  and  Air  Flaa, 


No.  6. 

Plan  of  Grate  and  Air  Chamber- 


bustioB  at  the  bottom^  to  aeoore  a  <^eerfnl  fire,  a 
obtained.  A  clear  apace  half  an  inch  deep  is  formed 
between  the  back  lump  and '  iron  back,  to  receive  a 
Bupply  of  air  through  the  aah  pit  under  the  grate, 
which  passes  through  a  slit  in  the  fire-lump  imme- 
diately above  the  fire.  The  air  thus  brought  iata 
contact  with  the  heated  coal  is  received  at  a  high 
temperature  in  consequence  of  passing  through 
heated  fire-lump,  and  is  forced  into  contact  with  the 
gases  from  the  coal,  by  means  of  the  piece  of  fire-lump 
which  projects  over  the  fire  at  the  back  of  the  grate, 
and  thus  a  more  perfect  combustion  of  the  smoke  is 
effected  tfam  with  an  ordinary  grate  ;  in  fact,  vith 
care  almost  perfect  combustion  of  the  fuel,  and  era* 
sequent  utilisation  of  the  heat,  can  be  obtained. 

The  flame,  heated  gases  {nm  combustion,  and  such 
small  amount  of  smoke  as  exists,  are  compelled  by  the 
form  of  the  back  of  the  grate  and  the  iron  part  of  the 
smoke  flue  to  impinge  upon  a  large  heating  surface, 
80  as  to  subtract  as  much  heat  as  possible  out  of  them 
before  they  pass  into  the  chimney,  and  the  heat  thm 
extracted  is  employed  to  warm  air  taken  directl; 
from  the  outer  air.  This  air  is  wanned  by  the  iron 
back  of  the  atove  and  smoke  flue,  upon  both  of  whid 
broad  flanges  are  cast  so  as  to  obtain  a  large  surfacs 
of  metal  to  give  off  tbe  heat.  This  giving-off  rarfacB 
(amounting,  in  tbe  case  of  No.  1  grate,  to  I3'5sqii8n 
feet)  is  sufficient  to  prevent  the  fire  in  the  grate  fron 
ever  rendering  tbe  back  so  hot  as  to  bum  the  air  it 
is  employed  to  heat. 

In  new  buildings  it  would  be  easy  to  carry  up  Um 
cbambei'  in  which  the  air  is  warmed  to  the  upper  jmuI  of 
the  room,  by  continuing  the  iron  portion  of  the  smoke 
flue  to  the  same  point,  and  thus  increase  the  heating 
surface  by  firom  16  to  20  square  feet  or  more,  dqieo- 
dent  on  the  height  of  the  room. 

No.  6. 


The  accompanying  drawing  {Woodcut  No.  6.) 
shows  this  arrangement. 

The  grate  will  contain  about  181b.  to  20  lb.  of  coal; 
when  the  fire  is  maintained  for  from  12  to  15  honn 
a  total  consumption  of  about  2 '  5  lb.  per  hour,  or  40  lb- 
for  16  botu-s,  will  sufiice  to  maintain  a  good  fire-  ^° 
soldiers'  rooms  the  daily  allowance  in  winter  w» 
No,  1.  grate  is  nearly  46  lbs.  per  diem,  hot  thini* 
more  than  strict  economy  would  require. 
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The  principle  of  these  arrangements  for  ntUlzing  to  been  adopted  for  barracks  in  the  case  of  grates  for  mar- 
some  extent  ^e  heat  otherwise  lost  in  the  chimney  has    ried  soldiers.  (  fVoodcut  JVo.  7.)  These  wonld  be  lueftil 


No.  7. 

Yradladog  Eire  PUoe  toe  Married  SoUier^  Qnarteis.  Details  showing  method  <tf  setting. 
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u  cottage  grates.  These  grates  have  a  small  oven,  and 
an  open  fire ;  warmed  air  is  introduced  into  the  room 
by  means  of  an  iron  tube  or  fluo  carried  up  from  the 
fire-brick  lining  of  the  stove,  inside  the  chimney,  and 
introduced  into  the  room  near  the  ceiling  through  a 
louvred  opening.  By  this  means  the  heat  of  the  smoke 
18  utilized.  A  certain  amount  of  warmth  is  also 
derived  from  the  fire-brick  lining  of  the  grate,  and 
0ome  heating  surface  '\a  ol)taiiied  by  making  the  air 
pasd  through  a  grating  at  G  in  sketch,  which  derives 
heat  from  the  hob  plate.  This  description  of  grate 
was  devined  for  the  purpose  of  combining  a  power  of 
cooking  for  a  cottage,  with  great  compulsory  economy 
of  fuel.  It  must,  however,  always  be  observed  that  in 
proportion  as  the  heat  is  removed  from  the  chimney, 
00  is  the  draught,  le.  the  eflect  of  tlic  cliimney  aa  a 
pumping  engine  to  remove  the  air,  diminished,  and 
the  combustion  of  fuel  to  some  extent  checked. 

The  experiments  made  by  General  Morin  at  the 
Conaervatoire  des  Arts  ot  Metiers  in  Paris  in  1862, 
with  one  of  ihe  earlier  constructed  of  these  fireplaces, 
and  less  efficient  than  they  now  are,  showed  that 
whilst  the  ordinary  French  open  fireplace  for  coal, 
which  is  of  itself  economical  of  heat,  nllowcd  0-84  of 
the  total  heat  developed  to  pr\8.s  up  the  chimney, 
this  fireplace  only  lost  *66  of  the  hent ;  that  is  to  say, 
that  this  fireplace  would  produce  in  a  room  the  same 
warmth  with  one-half  the  fuel  required  in  an 
ordinary  fire  place. 

The  beating  surface  of  these  fireplaces  was  in- 
creased after  1862,  and,  with  the  use  of  the  additional 
heating  surface  of  a  portion  of  the  flue,  they  were 
further  experimented  on  by  General  Morin. 

The  result  of  these  further  experiments  showed 
that  the  fire-place  produced  the  same  amount  of  heat 
in  a  room  as  an  ordinary  fire-place,  but  with  one 
third  of  the  amount  of  fuel  required  for  an  ordinary 
fireplace. 

The  detail  of  the  experiments  is  shown  in  the 
Annalea  du  Conservatoire  des  Arts  et  Metiers,  pub- 
lished at  Paris,  for  1864-5-6. 

This  method  of  imparting  warmth  to  a  room  pro- 
duces a  perfectly  equable  temperature  over  the  whole 
room,  and  there  are  no  draughts.  The  volume  of 
air  supplied  is  so  large,  and  the  temperature  of 
the  metal  by  which  it  is  warmed  is  so  low,  that  ex- 
periments with  wet  and  dry  bulb  thermometers 
showed  that  no  unusual  or  improper  dryness  is  pro- 
duced. 

The  advantages  claimed  for  this  fireplace  are 

1.  That  it  ventilates  the  room  : 

2.  That  it  maintains  an  equable  temperature  in  all 
parts  of  the  room  without  draughts  : 

3.  That  the  heat  from  radiation  is  thrown  into  the 
rtKon  better  than  from  other  grates  : 


4.  That  the  fire  brick  lining  prevents  the  fire  from 
going  out,  even  wlien  left  untouched  for  a  long 
time,  and  prevents  the  rapid  changes  of  temperature 
which  occur  in  rooms  in  cold  weather  from  that 
cause ; 

5.  That  it  economises  fuel,  partly  by  making  use  of 
the  spare  heat  which  otherwise  would  all  pasft  up  the 
chimney,  and  partly  by  ensuring  by  its  construction 
a  more  complete  combustion,  and  thereby  diminishing 

smoke  : 

6.  That  it  prevents  smoky  chimneys  by  the  ample 
supply  of  waj-nied  air  which  it  affords  to  the  room,  and 
by  the  draught  created  in  the  neck  of  the  chimney. 

Between  4,000  and  5,D00  have  been  put  up  in 
barrack  rooms  aud  officers  quarters,  nod  they  are 
applicable  to  all  ordinaiy  sitting  rooms.  They  are 
not  patented. 

Mr.  E.  Dcane,  of  1,  Arthur  Street  Kast,  London 
Bridge,  K.C.,  has  undertaken  to  provide  and  fix  this 
description  of  fireplace  for  private  individuals  who 
desire  theni. 

Mr.  Benham,  of  Wigmore  Street,  has  supplied  most 
of  the  fireplnci's  for  married  soldiers  quarters,  e.g.  the 
cottage  grates. 

I  mention  this,  because  of  the  numerous  appHcft- 
tions  I  have  Imd  to  know  who  will  supply  and  fix 
these  grates. 

I  would  add  a  few  words  on  cooking  apparatua. 
The  siuni;  committee  which  was  instrumental  in 
introducing  those  fireplaces  also  turned  its  attention 
to  economizing  the  very  wasteful  expenditure  of  fuel 
for  barrack  cooking.  They  ti*ied  a  variety  of  appa- 
ratus, simple  and  complicated.  The  result  at  which 
they  arrived  was  that  permanent  economy  is  to  be 
sought  rather  in  simplicity,  and  in  separating  the 
various  apparatus  according  to  the  work  they  have 
to  do,  than  in  combining  baking,  boiling,  and  frying 
in  one  complicated  machine.  The  saving  in  such 
combined  apparatus  arises  only  when  they  are  at 
full  work.  At  other  times  a  great  waste  of  fuel 
necessarily  takes  place. 

The  improved  cooking  apparatus  introduced  by  the 
committee  reduced  the  soldiers'  allowance  of  fuel  for 
cooking  from  above  I  lb.,  14  lb.,  and  lb.  of  coal  per 
head  per  day  to  ^  lb.  A  further  saving  in  cooking 
apparatus  is  anticipated  from  an  arrangement  which  I 
have  proposed  and  which  is  now  under  experiment 
for  utilizing  a  portion  of  the  heat  which  passes  off 
with  the  smoke  after  it  has  circulated  round  Uie  boiler 
or  oven,  and  adapting  it  to  warm  the  air  which  feeds 
the  fire. 

Douglas  Galtoh. 

9th  August  1869, 
War  Office. 
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OIROUIlIB  B.  1.  B 

The  CommiasioneTi  i^pointed  by  the  Queen  to  mvettagate  the  probable  quantity  of  coal  ocmtaiaed 
in  the  coal  fields  of  the  United  Kingdom,  and  to  report  on  the  quantity  of  such  coal  wluch  may 
be  reasoDablj  expected  to  be  avulable  for  use ;  whether  it  is  probable  that  coal  exists  at  workable 
depths  under  the  Permian,  New  Red  Sandstone,  and  other  superincumbent  strata ;  to  inquire  as  to* 
the  quantity  of  ooal  at  present  consumed  in  the  various  branches  of  manu&otore,  for  steam  nariga- 
tim,  and  for  domestic  purposes,  as  well  as  the  quantity  exported,  and  how  fiur,  and  to  wiiat  extent, 
inch  oo&somption  and  export  may  be  e^tected  to  increase,  and  whetiier  there  is  reason  to  bdieve 
ftat  coal  is  wasted,  dtiier  by  bad  working  or  by  carelesBness,  or  neglect  of  proper  appfiances  for 
its  eoononuoal  consnmption,  are  as  follows: 

George  Douglas  Duke  of  Argyll,  Knight  of  the  most  ancient  and  most  noble  Order  of  the  Thistle, 
&  Roderick  Impey  Murdiiscm,  Banmet,  Knight  Commander  of  the  most  honoorable  Order  of  the 
Bath,  ^r  William  Gooi^  Armstrong,  Knight  Gcnnpanion  of  the  most  honourable  Order  of  the 
Bath,  Henry  Hnssey  Vivian,  Esquire,  M.P^  Geotge  Thomas  Clark,  £sqnire,  Joseph  DiokinsoD, 
Esqnire,  Qeorge  Elliott,  Esquire,  Thisnas  Enwison  Forater,  Esquiroi  John  Geddes,  Eeqnire,  Robert 
Hunt,  Esquire,  Joseph  Beete  Jukes,  Esquira,  John  Hartley,  Esquire,  John  Percy,  Esquire^  Doctor 
of  Medicine,  Joseph  Frestwioh,  Esquire,  Andrew  Crombie  Bamsay,  Esquire,  and  John  Thomas 
Woodhouse,  Esquire. 

The  Commisnoners  being  anxious  to  obtain  tiie  opnions  of  well-infbrmed  men,  would  fisel 
obliged  if  you  would  &vour  thein  at  your  earKest  convenioice  with  answers  to  any  of  the  enclosed 
questions  to  whioh  you  may  feel  able  to  reply.  They,  further  request  that  if  you  desire  to  give 
any  more  extended  ex(dBnation  of  your  views  yon  will  give  it,  or  refer  to  any  woik  wlndi  eontuns 
the  information.    I  shall  feel  obliged  if  you  will  send  your  reply 

To  . 


I  am, 

Tour  obedient  servant. 


C<»nmisricaer. 


iVbfe. — Of  Utis  p^er  500  eoplek  were  sent  to  the  members  fer  drcafattioa  on  the  2Sd  Eetonaiy  I86T.  To 
Mr.  Vivian,  Dr.  Percy,  Mr.  Hartley,  Vr.  Ctork,  and  Mr.  Hunt,  each  100.  On  the  20th  Hay  1869  no  reiiUes 
had  be^n  received. 
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Questions  fob  Witnesses. 
I. — Ax  to  Bktst  Furnaces. 

1.  Name  the  works  at  which  you  have  been  engaged  in  iron  making  or  engineering? 

2.  For  how  many  years  have  you  been  so  engaged  ? 

3.  What  is  the  smallest  quantity  of  coal,  within  ^our  experience  and  under  your 
own  observation,  used  to  produce  a  ton  of  pig  iron  m  the  blast  furnace ;  putting  the 
quantities  in  this  and  in  all  other  cases  in  statute  weight  ? 

4.  What  ores,  or  admixture  of  ores,  were  used,  and  what  per-centage  of  iroo  did  they 
contain? 

5.  What  was  the  quality  of  iron  so  produced  ? 

6.  What  kind  of  fiiel  was  used  ? 

7.  What  kind  of  flux,  and  in  what  condition ;  and  what  was  the  proportion  of  flux  say 

to  the  ton  of  iron  ? 

8.  Give  the  principal  dimensions  of  the  furnace,  the  angle  of  the  boshes,  and,  as  near 
as  yon  can,  the  lines  of  the  furnace  in  every  part  ? 

9.  What  was  the  pressure  and  temperature,  at  the  tuyeres,  of  the  blast,  and  what  the 
quantity  of  air  used  per  ton  of  iron  produced  ? 

10.  How  many  tuyeres  were  used,  and  what  was  their  position  and  size? 

11.  What  was  the  relative  market  value  of  the  pig  iron  produced,  as  compared  with 
other  irons  of  the  same  district  ? 

12.  Was  the  furnace  open  or  closed  at  top  ;  if  dosed,  upon  what  plan  ? 

13.  For  what  period  did  the  furnace  continue  to  produce  the  results  given  ? 

14.  State  the  quantity  of  coal,  if  any,  used,  large  and  small,  other  than  in  the  blast 
furnace,  say  for  stoves,  calcining,  and  raising  steam  ? 

15  Was  this  a  commercial  result,  and  such  as  in  your  opinion  could.be  maintained  in 

practice  ? 

16.  To  what,  in  your  opinion,  was  the  special  economy  to  be  attributed  ? 

17.  Describe  the  furnaces  of  the  district,  stating  the  different  conditions,  if  any,  under 
which  that  or  those  given  as  a  &vourable  example  worked,  also  a  comparison  as  to 

makes  and  yields. 

18.  In  what  direction,  do  you  think,  is  further  improvement  in  economy  of  fuel  practi- 
cable ;  and  what  in  your  ojnnion  is  the  best  result  likely  to  be  attained  with  our  present 
knowledge  ? 

19.  What  is  the  general  result  of  your  experience  as  to  the  utilization  of  the  waste 
gases  from  blast  furnaces  ? 

20.  What  is  your  opinion  as  to  the  economy  and  the  effect,  generally,  of  hot  blast ;  and 
what  is  the  practical  limit  of  temperature  to  which  blast  can  be  heated  ? 

21.  What  is  the  method  adopted  for  heating  the  blast  in  the  instances  to  which  yon 
refer  ?  ■ 

22.  Have  you  had  your  attention  directed  to  the  regenerative  fiimace?  if  so,  give  your 
ojHnion  thereon. 

11.—.^  to  PUOe  or  Refined  Metal, 

23.  Is  plate  or  refined  metal  still  manufactured,  and  to  what  extent? 

24.  What  is  the  smallest  quantity  of  coal  used  within  your  knowledge  to  produce  a 
ton  of  this  metal  ? 

Ul,—A9  to  PuddUng. 

25.  What  is  the  smallest  quantity  of  coal,  within  your  knowledge,  used  to  produce  a 
ton  of  puddled  bars  from  pig  or  plate  metal  ? 

26.  What  was  the  quality  of  the  coal,  and  what  the  proportion  of  small,  if  any  ? 

27-  Was  blast  or  any  other  artificial  means  used,  in  any  form,  to  assist  the  chinmey 
draught  ? 

28.  What  quality  of  iron  was  used,  and  into  what  description  of  finished  iron  was  the 
puddled  bar  converted? 
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29.  Give  a  general  description  of  the  puddling  iumace,  explaining  its  peculiarities,  if  B 
any? 

30.  What  was  the  quantity  of  iron  made  per  week,  and  what  was  the  yield  of  puddled 
iron  per  ton  of  pig  or  plate  used  ? 

31.  For  how  many  hours  per  week  was  the  furnace  at  work,  reckoning  £rom  the  time 
of  charging  the  first  heat  ? 

32.  Was  the  waste  heat  of  the  furnace  utilized  in  any  way  ;  if  so,  for  what  purpose 
was  it  used,  and  with  what  result  ? 

33.  What  quantity  of  coal,  if  any,  large  and  small,  was  used  to  produce  steam  for  the 
engines,  for  hammering  or  squeezing,  and  rolling  the  puddled  iron  ? 

34.  In  your  opinion  is  further  improvement  in  the  present  system  practicable  ;  if  so,  in 
what  direction  must  we  look  for  improvement  ? 

IV. — As  to  Merchant  Iron  and  Rails. 

35.  What  is  the  smallest  quantity  of  coal,  within  your  knowledge,  used  to  convert 
puddled  bars  into  merchant  iron,  once  heated,  excluding  fine  iron  and  large  sizes  ? 

36.  What  is  the  smallest  quantity  used  to  convert  puddled  bars  into  rails,  twice  heated, 
exclusive  of  the  quantity  previously  used  for  making  the  No.  2  slabs  ? 

37.  Of  what  quality  was  the  coal ;  was  it  large  or  small ;  if  mixed,  in  what  proportion  ? 

38.  Was  the  waste  heat  utilized  ;  if  so,  in  what  manner,  and  with  what  general  result  ? 

39.  What  quantity  of  coal,  it  any,  large  and  small,  was  used  to  produce  steam  for  the 
engines  for  rolling  merchant  iron  and  rails  ? 

40.  Have  you  any  experience  in  the  use  of  gas  fuel  for  puddling  and  heating  iron;  if 
80,  give  the  result  of  your  experience,  and  your  opinion  as  to  the  probable  economy 
which  would  attend  the  ■  use  of  gas,  as  against  solid  fuel,  for  puddling  and  heating 
furnaces? 

41.  Have  you  any  experience  as  to  utilizing  the  waste  beat  of  puddling  and  mill 
furnaces :  if  ho,  what  is  the  result  of  that  experience  ? 

42.  Have  you  had  your  attention  directed  to  the  regenerative  furnace ;  if  so,  give 
your  opinion  thereon  ? 

43.  Have  you  had  an  opportunity  of  testing  the  effect  of  washing  coal  for  heating 
and  puddling ;  if  so,  describe  the  nature  of  the  coal  operated  upon,  and  the  result  of 
washing ;  aUo  your  experience,  if  any,  of  the  economy  of  washing  coals  for  coking 
purposes  for  use  in  the  blast  iiimace  ? 

Note. —  The  Committee  will  be  glad  to  receive  sketches  <^  at^  Jumace  or  mechanical 
arrangement  described. 

GEO.  T.  CLARK, 
Chaimuui. 
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PBOOEBDINGS  OF  THE  OOMMITTBB. 

c. 

Committee  on  Waste  m  Wm'hvng.   {Withp&wer  to  take  Evidenet,) 

1.  J  oseph  Dickinson.  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 
%  ThobCAS  Emebson  Fobhteb,  Esq.,  7,  Ellison  Plsoe^  Neveastile-on-Tyne. 
8.  John  Thomas  Woodhouse,  Esq.,  Aflhby-de-la-2ouch& 

4.  John  Ueddes,  Esq.,  Mining  Engineer,  9,  Md,TiUe  Orescent,  Edinburgh,  N.B. 

5.  OxoBGE  Elliot,  Esq.,  23,  Great  George  Street,  Westminster  (ifotrnn^er  8). 

Fvmt  Mee^mg,  ai  2  P.1L,  September  11, 1866, 
FBESENT,  (dl  the  Members. 

Also, 

5.  Sib  WnxuM  Abhstbono. 

1.  Home  Office  letter       forwarding  a  peUtion  from  miners  in  Northumberland,  was  read,  and 

the  Secretary  va?  directed  to  acknowledge  the  receipt,  and  to  state  that  the  subject  of  *'  waste  in 
working  "  will  be  fully  considered.    {The  Secretary  wrote  accordingly^^ 

The  following  Heads  of  Inquiry  were  agreed  to. 

2.  What  are  the  different  Easterns  of  woridng  speoially  practised  in  the  ooal  fields  of  the  following 
pUees: — 

1.  South  Wales  and  Monmouthshire. 

2.  North  Wales. 

3.  Durham  and  Northumb^land. 

4.  Cumberland. 

5.  Lancashire  and  Cheshire. 

6.  North  StafToi-dshire. 

7.  South  ditta 

8.  Shropshire. 

9.  Yorkshire,  North  Derbyshire,  and  Nottingham. 

10.  South  Derbyshire  and  Leioesterabire. 

11.  Warwickshire. 

1 2.  Somersetshire  and  part  of  Gloaoestershire. 

13.  Foi'estof  Dean. 


CI 


14.  Ayrshire. 

15.  Lanarkshire. 

16.  Stirlingshire. 

17.  Clackmaimansliire. 

18.  Fifeshire. 

19.  The  Three  Lotbians. 


20.  Campbellton. 

21.  Cauoby  (Dumiriesshire)^ 

22.  Dumbartonshir*. 

23.  Renfrewshire. 

24.  Perthshire. 


Ifdamd, 
XJUtffr. 

25.  Baliycaatle  Coalfield,  Ce.  Antrim. 

2&  Coalialaad  Coalfield,  xiear  Dnngannon,  Co.  Tyrone. 


Cownau^t 

27.  Leitrim  Coalfield,  Co.  Leitrim. 

ZeMuter, 

28.  Castleoomer  Coalfield,  Qaeen's  Ca,  Carlow,  and  Kilkenny. 

29.  Kilenaule  Coalfield,  Co.  Tipperary. 

30.  Kanturk  and  other  small  Coalfields  in  Cos.  Coric,  Kerzy,  Limerick,  and  Clare. 

3;  What  are  the  varieties  of  coal  met  with  in  each  ooal  field  ? 
4.  What  is  the  general  section  of  the  strata  1 
-5.  What  is  the  section  of  each  seam  now  being  woriced  Y 
1848S.      Vob  IL  S  B 
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7.  What  ia  the  section  of  each  eeaxn  of  one  foot  in  thickneea,  or  more,  which  is  not  now  being 
worked? 

8  What  proportion  of  the  ooal  is  actually  obtained,  and  what  is  left  behind,  mfllmtit^g  baixxen  f 

9.  What  is  the  reason  ibr  leaving  it  f  \ 

10.  Could  any  of  the  portion  now  left  be  hereafter  recovered,  and  at  what  additional  ontt 

11.  What  proportion  of  iAie  coal  obtained  is  used  for  colliery  consumption  ? 

12.  Are  the  seams  worked  in  descending  order  or  otherwise ;  and  what  order  of  working  is  most 
conducive  to  the  eoonomy  ui  the  coal  fi^d.  regard  being  had  to  magrcantile  -value  of  the  ooal 
when  brought  to  the  sornice  ? 

13.  Does  any  rule  prevail  in  the  coal  field  for  working  the  seams  in  a^cnning  pn^»ertifls,  by 
means  of  oatstroke,  shaft,  and  wayleave  ? 

'  The  ntohiHona  of  Chmnwttee  A.,  nwmbertd  9, 10, 11,  were  also  passed  by  thia  CommittM,  tiiMdk 
meets  Ockber  9,  a<  S  p.m. 


O. — 2nd  meetrng,  October  9.   Thia  ConvmitUe  met,  and  adjourned  tiU  the  7th  of  Nowmber,  at  2. 

(Signad)  Jossfh  Bigkibbon, 

ChaimuuL 


C. — ML  Meetnmg^  2  P.M.,  November  7, 184B6. 
Present,  all  the  Members.  Also, 
■  '       '  Mb.  Clabe  ;  6.  Sib  William  Abkstbono. 

1.  With  reference  to  the  Heads  of  Inquiry  passed  September  11,  the  ChaJmiaa,  Hr.  Diekinaon. 
read  a  set  of  questions  for  witnesses,  which  were  considered  seriatim.  .  The  Secretary  was  directed 
to  have  Uiem  printed,  and  circulated  with  the  rest  of  the  prooeediogs  for  subsequent  vevidon. 

The  next  meeting  of  this  Committee  C.  is  to  be  held  on  Tuesday,  Sth  J<muary  1807,  at  8  pjl 

(Signed)      (teoBfilE  Eluot, 

Chainaan. 


C. — ifh  Meeting,  3  pjl,  Jmmcury  8,  1867. 
The  following  Members  wrote  to  say  that  they  could  not  attend : 

1.  Joseph  Digeinsok,  Esq.,  Pendleton,  ICaachester. 

2.  X.  C.  FoBSTEB,  Esq.,  Kewcastie-on-Tyne. 

Pbesent,  Mb.  Eluot  in  the  Chair. 
2.  Mb.  Woodhouse  ;  3.  Wsl  Oeddes  ;  4.  D&  PsBcr. 

1.  The  minutes  were  signed  by  -tike  Ghairman. 

2.  The  questions  which  were  left  for  subsequent  revision  were  re-cbuddered  by  the  numbers 
loeemt,  and  left  for  further  revisioa 

Tlw  Committee  adjourned.   Questiozu  15  to  21  were  subsequently  added  for  levisinL 

The  neat  meetmg  ofihAe  Committee  Cietohe  held  on  TuesdaytFebruary  12,  est  2  p.il 

(Sighed)      JosepA  Bickinbov. 


C^th  Meetmgj  2  p.i^  Febrwary  12,  1867. 
pbhskvt: 

Qiuitioiu  I.  Joseph  DiCEiN80N,Esq.  in  the  Chabr;  S.  HilCurkj  8.  IC&FoBBim^  4;  Ma  WooDHOOSi ; 
prepared  and  5,  Mb.  Geddes;  6.  SiB  W.  Abustbono. 

1.  The  ^mestums  were  revised.   They  are  to  be.  taken  from  the  minutes  and  made  into  a  carcolar 
aimOar  to  I>  1.   They  are  to  be  sent  to  the  same  witnesses  by  the  Secretary,  and  tr^ted  as  A  1. 

2.  25  copies  to  be  sent  to  each  member  of  the  Coiiuuission ;  600  copied  to  be  Strode  off  (see  CVr- 
«uZar  C.  1.) 


eireolaled. 


Mee^,  JiprU  29«h,  1866. 
cbebkht: 

l.JKs-I)roEiin^iri9'tii9  Chair;  si  UiBti  Towmi  9.  Mb.  Woobhovsb  ;. 
i.  Snt  Bobsbice  Mitbchison  ;  5.  Mb.  Gedsjis;  6.  Mb.  Eluott  ;  7.  S;b  W.  AsKSTBONa 

8.  Mjl  Clabk;  d.  .Kb.  Habti£7. 

Mvrvute  1.  The  Secretary  reported  thftt'-fae-b^d  ddiM  as  dvcicMi  «a)4  t)u»t  one.  nt«Km  had  "ksm 
leooived  by  him  to  Circular  C  1.  ......> 
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MimuU  2.  The  Uioutes  last  meeting  were  read  and  oonfirmed,  and  the  Secretary  waa  dji«oted  ®  8 
to  proceed  on  the  same  plan  as  witli  iJie  Minttte^ 

MvnwU  3.  The  next  Meeting  is  to  be  held  on  the  Slst  of  Uaj  at  Committee  Boom  O.  at  Koon, 
and  futore  Meetings  are  to  be  held  on  'Dniisdays. 

Alter  s<»ne  obeervat&ons  firom  the  Chairman,  the  Commismon  took  the  evideuoe  of  Mr.  John 
KnoTleSi  of  wfaiidk  notes  were  taken  by  Mr.  Webb. 

JOBBPH  DXOBIIIBON. 


{Chairman.)  Gmtlemen,  in  taking  Mr.Hnowlei^s 
•ridence,  I  think  that  it  will  be  conTenient  to  divide 
it  into  separate  heodB,  and  in  doing  ao  I  wiB,  with 
jonr  pension,  first  put  a  few  leading  qneBtions 
iip<m  the  different  heads,  and  then  each  of  joo  may 
follow  with  snch  questions  as  ooeor  to  yon. 

{Mr.  Geddes.)  What  diTisi^Ki  would  yon  suggest  ? 

{Ckatrman.)  First,  the  ^stem  of  working  ; 
aeoondlj}  the  coal  (ffodoced  per  foot  per  acre ; 
thirdly,  the  order  of  working  the  seams  j  foortidy, 
ooal  left  for  ^llwi. 

JoHX  Bowles,  Esq.,  (of  Westwood,  Pendlebuiy, 
Manchester,)  examined. 

1.  {Chairman.)  You  are  a  member  of  the  firm 
of  l^ars.  Andrew  Kwmk»  and  &oaa  ?*Tea. 

2.  Yoor  ecdlieries  lie  chiefy  on  the  wnih-west 
ride  of  Manchester  ?— Yes ;  at  Fendletoa,  Agecroft, 
Clifton  Hall,  Fendlebniy,  Clifton  Moss,  Stonedoagh, 
Lever,  Sharpies,  Badehfie,  Banktop,  and  Cleggswood. 

3.  I  believe  that  in  those  colUerieB  you  have  at 
one  time  or  anoUier  worked  almost  every  seam,  fixim 
the  highest  seam  in  the  coal  field  down  to  the  lowest? 
-^Neu^  so. 

4.  Have  you  a  section  of  the  seams  which  jou 
can  put  in  ? — ^Yes  {produdng  the  section). 

5.  T\aB  section  which  you  have  put  in  shows  the 
jippm  coal  field,  which  inolndes  die  Wordey  Four 
Feet  ?— Yes.  It  begins  'higfaer  than  that,  but  it 
incudes  a  pwtion  m  the  Four  Feet,  down  to  the 
DanUhill  mine,  wfaieh  is  eqnivaleirt  to  ttie  Ariey  mine 
of  Wigan. 

6.  Then  that  does  not  show  the  lower  or  moun- 
tain mines  which  you  are  working  at  Sharpies  and 
OeggswDod  ?— No  ;  we  have  no  intermediate  section 
between  that  mine  and  the  mountain  miaes. 

7.  There  is  a  great  thicknesB  <^  ground  inter- 
vening    Yes ;  abont  300  yards. 

System  Working. 

8.  I  believe  that  your  firm  have  worlrad  eoals 
in  Lancashire  for  many  years  past  ?— For  half  * 
century. 

9.  And  they  have  in  that  time,  I  darean,  tried  a 
variety  of  meniods  of  worUag  the  «oal  ?*-Yes; 

10.  Have  you,  as  the  result  of  yoor  experience, 
arrived  at  any  system  which  yon  consider  best 
adapted  for  wmiking  ooal  ? — ^Yes ;  for  woriting  those 
seams. 

11.  Will  you  be  good  enough  to  explain  what 
jonr  mtem  is,  and  up  to  what  thicknais  your  seams 
of  ooal  extend  ? — Seven  feet  six  is  the  thickest,  and 
about  one  foot  ten  is  the  thinnest  that  we  work  now ; 
but  we  have  worked  thinno*  seams  in  the  roooitfaia 
ndDM,  which  are  further  norUi. 

12.  Down  to  ndiat  ? — 18  inches. 

1ft.  (<Sltp  WUUam  Armttrenff.}  You  si^  that  you 
have  actualfy  woi^ed  ooal  as  tUn  aa  18  inehes  ?•— 
Yes. 

14.  Have  yon  abandoned  it  after  attempdi^  ii? 
— ^No.  The  reason  why  we  worked  that  ooal  is  diat 
it  is  the  best  ooal  in  that  district,  and  nukes  eoke ; 
but  in  the  district  north-west  of  Manohester,  frhere 
there  are  thieker  oods^  we  do  not  mA  sny  eo^ 
nnder  two  feek 
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15.  Thea  you  coDtimie  to  wi^  this  very  seem  <ii    J.  Tmmfu, 

18  inches  ? — Yes ;  but  where  it  is  now  beuig  worked  ^t- 

it  is  a  little  thi<^er.  — 

SI  AmU  ISM 

16.  Is  that  for  the  general  sale  of  coke,  or  only  for 
the  supply  of  a  particular  locality  ? — It  is  more  for  a 
locality.  The  working  is  very  expensive,  but  it  is  in 
a  good  locality,  and  it  makes  good  coke ;  bat  it  would 
not  compete  with  the  thicker  seuns  if  it  had  to  go 
any  distance. 

17.  Generally  speaking,  even  where  the  seam  is 
of  a  specially  good  quality,  if  it  be  so  thin  as  18  inches 
it  would  not  be  worth  while  to  work  it  at  present 
prices  for  general  purposes  ? — It  would  not.  Of 
course  it  all  depends  upon  local  circumstances. 

18.  {Chairman.)  In  aame  parts  of  Laoeaahire 
there  are  redly  at  shallow  depths,  seams  being  wwked 
for  local  pnrposes  down  to  11  inches  in  thidmess^  are 
there  not? — ^Yes;  we  have  worked  as  thin  as  lOindies, 
bnt  it  is  sim^y  for  local  sale.  You  could  not  take 
that  coal  above  two  or  three  miles.  It  is  only  on  tin' 
hill  sides. 

19.  {Mr.  Fortter.)  Where  the  bed  is  so  thin  as 
Uiat,  what  is  the  sub-stratum  of  the  mine?— -Ganr 
nister. 

20.  {Mr.  Wbodhotue.)  Do  yon  take  down  the 
roof  ? — ^Very  little  indeed. 

21.  {CkatrmoH.)  What  is  the  average  thickness 
of  the  principal  seams  which  jon  work  ^— Frcon  iftmat 
a  yard  npwwds. 

22.  Will  you  produce  your  plans  showing  the 

Srstem  of  working  ? — ( The  witness  produced  the 
rowings  of  the  Ihw  mine). 

28.  What  is  the  inclination  of  the  strata  at  the 
aorth-vrest  side  of  Manchester  where  this  and  the 
other  seams  are  being  worked  ? — One  to  three  and  a 
hal£ 

34.  Will  you  enlain  what  you  now  find  to  be  the 
best  system  of  womng  these  coals  ? — By  driving  die 
levels  to  the  boundary,  and  working  the  mines  back- 
wards towards  the  pit. 

35.  Is,  that  the  mode  which  yon  follow  out  in 
piaetloe  ?^Yes  ;  it  has  been  m  esistenoe  for-  a  hn^ 
time. 

26.  What  advantage  do  yon  find  in  that  system 
over  that  of  getting  the  cow  as  you  go  f<nwara8 
We  have  complete  control  over  tiie  ventihition,  and 
the  roads  sre  kept  in  better  order. 

27.  In  foct  yon  drsin  the  gas  at  the  time  wh^i 
you  can  bring  ahuost  any  amount  of  air  to  bear  upon 
the  winning  nces  ? — Yes. 

28.  What  is  the  greatest  distance  to  which  you 
have  driven  such  openings? — At  our  Pendlebury 
colliery  1,500  yards  on  each  side  of  the  pit 

29.  That  is  together  a  range  of  3,000  yards  ? — 
Tes. 

SO.  I  suppose  that  in  commencing  at  a  new  col- 
liery yon  would  look  out  for  some  comer  or  some 
fault  which  isolates  a  piece  ?— We  should  drive  up  to 
and  work  back  from  a  fault  or  any  particular  point  f 
hnt  the  divisionB  of  land  in  our  district  are  so  sBtaH 
tfkat  we  easily  arrive  at  a  boundary. 

31.^  As  regvds  the  ventilation^  have  yott  foaod  40 
generally  snecossftd  ^Yes. 

.  82.  Ctf  ceorselt  doesnotdotobesnn  wMi-regari 
to  exjdosions ;  bnt  bava  yon  ever  had  wlwt  %»  mi^ 
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Q  4  call  a  gr«at  explosion  uader  this  system  of  working  ? 
J.  KwomU$,    —I  do  not  remember  one. 

Esq.  83.  Do  the  mines  produce  fire  damp? — Tea;  a 

large  quantity. 

99  April  1868.  ^j^y^  Former.)  Do  yon  got  any  gaa  in  tbe 

goaf  P — ^No ;  wo  bnild  tlw  goaf  rtBT,  and  we  do  not 
ventilate  it 

30.  Axkd  you  build  the  gas  off? — ^Yes  ;  but  we 
allow  the  gas  to  ooze  out,  and  it-  is  carried  awi^  by 
the  ventilation. 

36.  You  keep  a  great  amount  of  air  at  the  edge  of 
.the  goaf  ? — We  build  the  walls  along  the  edge  of  the 
working  faces  to  convey  air  there.  Tbere  are^ 
perhaps,  two  walls  in  every  12  or  16  yards. 

37.  Do  you  find  that  costiy?— We  find  that  the 
coal  costs  about  the  same  as  when  we  left  pillars  of 
coal,  but  with  walls  we  find  that  the  coal  is  got  better 
with  less  cutting,  and  cleaner. 

38.  Then  your  plan  is  to  drire  out  your  levels  to 
the  extremity,  and  then  begin  to  sweep  tout  pillars 
back  7 — ^Not'in  pillars,  but  with  a  long  wall. 

39.  In  drivii^  those  levels,  besides  the  cost  of 
bnildiug  there  is  narrow  working  ;  is  not  that  ezpen- 
give  ?  —  Yes  ;  but  it  is  no  more  expensive  than 
having  to  carry  the  walls  on  each  side  of  the  road,  so 
as  to  get  the  ooals  back  from  the  further  end. 

40.  In  driving  those  1,500  yards  on  each  side  of 
the  Fendlebury  colliery  you  never  touched  any  coal 
excepting  what  you  got  out  of  the  levels? — No; 
except  driving  perhaps,  a  small  bay  on  the  deep,  to 
put  dirt  in. 

41.  How  long  would  you  be  in  driving  1,600 
yards  on  each  side  ? — From  12  to  18  months. 

42.  How  many  men  would  there  be  in  the  levels  ? 
—Two ;  and  we  work  night  and  day. 

48.  Thai  yon  would  get  no  profit  during  the  time 
that  Tou  were  driving  your  levels  out  to  the  iextremi- 
ties  f—lSo  i  but  that  only  happens  in  the  beginning 
of  a  colliery. 

44.  {Sir  William  Armstrong.)  It  makes  the  prac- 
tical winning  of  the  colliray  a  longer  operation  ? — 
It  does. 

45.  (Mr.  Woodhouse.)  What  is  the  distance  be- 
tween the  level  and  the  air-end  ? — Perhaps  10  or  12 
yards.  Then  afterwards,  in  preparing  to  work  the 
coal  back,  we  drive  the  intermediate  levels  40  yards 
apart 

46.  Do  you  say  that  these  intermediate  levels 
vAich  I  now  point  out  upon  the  plan  are  absolntdy 
driven  and  open  ? — Yes ;  they  are  only  just  driven. 

47.  How  did  you  ventilate  them  when  they  were 
being  driven  ?---We  ventilated  them  by  pipes  and 
ordinary  bratticing. 

48.  {Mr.  Fonter.)  What  was  the  sise  of  the 
pipes  ? — Ten  or  twelve  inches. 

49.  What  distance  is  it  from  one  set  of  upbrows 
to  .  another  between  which  these  intermediate  levels 
are  driven  ?— 240  yards. 

50.  Was  there  gas  there  ? — ^Yes ;  but  it  had  been 
dnuned  very  much  by  the  exploring  leveUk 

51.  (jSir  WUUam  Armstrong.)  You  say  iJiat  yon 
carry  the  ventilation  ^cmg  with  you  in  eirecting  this 
operation.  In  very  deep  mines,  where  tbe  beat  of  the 
rock  became  very  great,  would  you  have  any  chance 
of  keeping  down  the  temperature  by  a  system  of 
ventilation  carried  out  iu  that  way  ? — Yes, 

52.  You  could  carry  a  sufficient  quantity  of  ur 
through  your  pipes  to  reduce  the  temperature  to  a 
workable  degree  ? — I  think  that  it  is  simply  a  ques- 
tion of  the  lateness  of  the  airways.  The  levels 
are  driven  to  the  bonndary  oh  each  side,  and  as  they 
are  getting  near  an  upbrow  is  commenced,  and 
out  of  it  the  intermediate  levels  to  work  out  the 
c<wl. 

53.  During  the  formation  of  these,  how  would 
the  ventilation  be  provided  fbr? — In  the  ordinary 
mode  of  veidilatian,  namely,  down  one  shaft  and  up 
another  ;  and  then  we  go  eastward  and  westward, 
and  at.evoy  oat  diroogh  we  allow  the  ur  to  return. 
We  cat  tbrough  at  eveiy  40  yards. 


54.  What  do  you  mean  by  using  pipes  for  carrying 
mr? — ^That  is  only  in  the  drivii^  ctf  levels.  We 
oeeasionaUy  use  glacedpipes,  sometimes  wood. 

56.  {Mr.  Fortter,)  When  yon  get  down  to  the 
levels,  do  yon  sttll  carry  the  wl^e  6arr«at  alimg 
here  and  back  here  {pomtii^  w  the  glraipmg)?-^ 
We  divide  it  into  two. 

56.  Then  you  would  want  an  air  crossung?— 
Yes. 

57.  {Mr.  Elliot.)  At  what  rate  per  week  do  yon 
drive  ? — We  will  say  20  yards.  It  all  depends  upon 
the  mine ;  in  some  mines  we  can  drive  more  quickly 
than  in  others. 

58.  {Mr.  Hartley.)  I  suppose  that  you  drive 
exclusively  in  the  coals  ? — Yes. 

59.  {Mr.  Elliot.)  If  you  met  with  a  fault,  would 
not  it  delay  the  operation  still  man  ? — ^Yea ;  bat 
meeting  with  a  fault  it  would  make  a  natural  division 
in  the  mine. 

60.  {Mr.  Fonter.)  Still  yon  would  have  to  get 
over  tbe  &ult  at  smne  point?— Jaitt  so. 

61.  {Mr.  ESUot.)  Yon  do  not  lay  down  the  prin* 
ciple  that  it  is  of  Importance  to  get  to  the  extremi^ 
in  the  first  instance  ? — Not  always  to  the  &xSxva^, 
but  to  some  good  natural  division. 

62.  (ilfr.  Geddes.)  Are  you  under  the  obligatim 
to  leave  a  breadth  of  coal  along  the  boundMy  ? — ^lo 
some  instances  we  are. 

63.  Then  is  that  lost  entirely  ?— Yes. 

64.  {Mr.  Elliot,)  Do  you  consider  that  you  get 
a  taiger  per-centage  of  round  coab  by  working  in 
that  way^  as  compared  with  working  by  the  long 
wall  ? — We  do  work  on  the  long-widl  syston,  but  it 
is  a  modified  system  of  long  walL 

65.  Dividing  into  pillars  of  40  yards  is  scarcely 
what  we  should  call  long  wall  ? — The  reason  why 
these  are  divided  (pointing  to  the  droMnng)  is  in 
order  to  get  more  places  for  Hhe  men  to  work.  I 
should  prefer  having  the  bays  longer,  but  being 
short  of  wM-kti^  places  we  divide  them  into  two 
divisions. 

66.  {Mr.  Clark.)  But  you  work  each  of  those 
long  levels  on  the  long-wall  system  ?— Yes ;  and  we 
build  walls  on  each  of  these  faces. 

67.  (Mr,  Fortter.)  In  driving  all  tiiose  single 
levels  do  you  get  a  large  quantity  of  small  coal  ?— • 
The  quanti^  we  get  is  90  per  cent,  of  riddled  coal 
out  of  this  mine,  and  10  per  cent,  of  small ;  that  is 
taking  the  whole  of  the  colliery. 

68.  What  is  the  per-centage  of  small  coal  in  diia 
level  ? — I  cannot  give  you  the  proportions  for  rach 
levd,  but  there  is  not  very  mndi. 

69.  {Mr.  CUtrh.)  Hnst  not  anunmt  of  small 
coal  in  pushing  a  level  be  very  consideral^  mora 
than  in  working  it  afterwards  ?— Yes. 

70.  {Mr.  ffarOey.)  What  yoa  sUte  is  the  average 
of  the  whole  working  ? — Yes. 

71.  Including  the  driving  ?— Yes. 

72.  {Mr.  Elliot)  Of  whal  size  is  your  riddle?— 
A  quarter  of  sn  inch ;  that  is  to  take  oat  all  the 
dust ;  but  for  the  slack  it  is  threc'quarters  of  an 
inch. 

73.  How  much  do  you  take  out  by  the  quarter 
of  an  inch  riddle  ? — That  is  just  to  take  out  the  dust, 
and  then  there  is  only  10  per  cent,  slack. 

74.  Plus  the  dust  t — That  is  very  little  indeed. 

75.  {Mr.  Forster.)  What  becomes  of  the  dqst?— 
It  is  left  behind  in  the  pit. 

76.  {Mr.  dark.)  Is  anything  else  left  behind 
except  the  dost  ? — ^Nothing. 

77.  (Mr,  Woodkouu.)  I  sopprae  that  the  pntioB 
of  small  coal  iwies  in  ffifi^nent  seams?— It  doea 
That  depends  apon  the  nature  of  the  coal ;  bat  at 
the  same  time  it  also  depends  upon  the  method 
of  working.  If  the  coal  gets  crushed  by  a  weight 
coming  upon  it,  then  more  small  is  made. 

78.  Assuming  that  all  the  seams,  or  three  or  four 
seams,  are  worked  upon  the  same  principle  namely, 
the  system  whidt  you  have  now  riiown  to  ns,  the 
waste  <tf  course  will  vMy  with  tiie  di^rent  eeNms?'*-' 
Certainly. 
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?9.  All  the  coal  which  will  not  go  through  a 
three-qufu*ter  of  an  inch  riddlo  is  what  you  call  large 
coal  ?— Tea. 

80.  And  19  the  slack  between  three  quarters  of  an 
inch  and  a  quarter  of  an  inch  ? — Ye?. 

81.  {Mr.  Elliot.)  All  which  will  go  within  a 
quarter  of  an  inch  is  left  undei^round  ? — 

82.  (^r.  Clark.)  Within  certain  limits,  does  not 
the  pi-oportion  of  small  cool  depend  upon  the  thick- 
ness of  the  seam  ? — I  do  not  think  so. 

83.  Suppose  that  you  are  working  a  thin  seam  ? 
— If  you  are  to  hole  the  coal  In  a  thin  seam  you 
make  a  much  larger  proportion  of  small  coai.  We 
have  a  case  in  our  Pendlefauiy  Colliery  where  wo 
were  working  a  seam  which  we  were  almost  aban- 
doning, but  we  began  to  hole  iu  the  dirt. 

84.  {Sir  ffilliam  Armstrong.)  There  must  be 
many  cases  of  coal  seams  which  you  could  work 
under  the  favourable  circumstances  which  you  men- 
tion, but  which  could  not  be  worked  under  other 
conditions  ? — Certainly.  Taking  the  mountain  mine, 
by  its  being  good  coking  coal  we  can  make  into 
coke  the  snutll  coal  which  is  made  by  holelug. 

85.  Has  depth  any  effect  opon  the  quantity  of 
small  C(m1  which  is  made? — We  have  not  noticed 
any  difference. 

86.  {Mr.  Clark.)  What  is  the  greatest  depth  at 
which  you  work  ? — 738  yards  below  the  sur&ce. 

87.  {Mr.  ffartley.)  Is  that  perpendicular  ?— That 
is  perpendicular  under  the  surface. 

88.  {Chairman.)  The  seams  which  you  are  work- 
ing at  the  Clifton  Hall  Colliery  are  the  Dow,  the 
Five  Quarters,  and  the  Trencherboue  ? — ^Yes ;  the 
depth  there  to  the  bottom  of  the  Dow  is  422  yards. 
The  Five  Quarters  is  14  yards  below  the  Dow  ;  and 
the  Trencherboue  is  111  yards  below  the  Dow. 
It  is  at  Pendleton  where  wa  hare  now  got  to  738 
yards  below  the  surfdbe. 

89.  (Mr.  Clark.)  These  are'  all  shown  in  this 
Tertical  section  ? — ^Tes. 

90.  (Mr.  Forater.)  I  suppose  tiiat  this  working  in 
the  Five  Quarts  is  just  upon  the  same  ground  as 
that  in  the  Dow  mine  ?— It  is  just  under  it.  We 
work  the  upper  seam  first.  The  seam  above  gets 
very  hard  indeed  j  but  if  we  leftre .  it  long  enough 
the  weight  then  oomes  on  it,  and  it  ia  the  same  as  it 
was  originally. 

91.  {Chairman.)  Mr.  Forster  has  put  some  ques- 
tions to  you  as  to  the  cost  of  workiug.  You  do  not 
work  these  collieriea  merely  far  amusement  ?— Cer- 
tainly not. 

92.  You  work  them  to  make  a  profit  out  of  them  ? 
—Tea. 

93.  And  you  find  that  this  system  answers  your 
purpose  ? — It  does. 

94.  You  have  tried  various  systems  ? — We  have. 

95.  Is  it  within  your  knowledge  that  the  pillar 
and  stall  system  yma  tried  at  the  Fftndleton  Colliery 
some  years  ogo? — Yea. 

96.  Was  it  successful? — No.' 

97.  (Mr.  Clark.)  In  what  sense  was  it  unsuc- 
cessful ? — The  genUeman  gave  up  the  colliery.  Tu 
work  those  mines  upon  that  system  the  coals  would 
get  very  much  crushed  ;  they  would  make  a  large 
quantity  of  small.  Our  great  oliject  in  working 
mines  upon  this  system  is  to  keep  away  weight. 

98.  {Chairman.)  The  narrow  working  which  has 
been  spcAen  of,  by  which  you  divide  the  portion 
of  «}al  which  you  have  won  out  to  an  exbvani^,  is 
for  the  purpose  of  enabling  you  to  put  more  men  in 
a  -given  area,  aoA  to  get  out  a  mndi  larger  qnanti^ 
of  coal?-- Yes. 

99.  Does  this  system  enaUe  you  to  keep  the 
C(^ierie8  well  in  hand,  and  to  have  am  immense 
number  o(  workings  going  on  in  the  same  pit  atthe 
same  time  ? — ^Yes. 

100.  Yon  concentrate  the  wtMrkings  ? — ^Yes.  This 
is  just  the  plan  which  we  have  now  been  working, 

101.  In  fact  it  econMnizes  pit  roi»n  about  as  much 
as  it  is  posuUe  to  do  under  any  eircumstuices  ? — 
Yes. 
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102.  {Mr.  Fortter.)  Do  you  not  think  it  some-        C  «5 
times  an  advantage  to  have  the  men  a  little  dis-  J.Xnowkt, 
persed  ? — It  would  require  more  vwtilatitm  if  they  JE^- 
bad  longer  districts.  "7- 

103.  Cannot  you  get  any  amount  of  ventilation  ?—  39  April  1868. 
Yes. 

104.  {Chairman,'^  You  find  that  Snm  the  com- 
mencement of  the  pit  to  the  finishing  of  it  it  is 
really  economical  to  follow  this  system  ?  —  Wd 
think  so. 

105.  (Mr.  Clark.)  You  thiuk  it  more  economical 
than  the  pillar  and  stall  system  ? — Yes ;  it  is  not 
only  more  economical  in  the  working  and  getting,  but 
when  the  coal  ia  got  I  think  that  it  is  worSi  moro. 

106.  (Mr.  Forster.)  Tou  get  a  lai^er  per-centago 
of  round  coal  ? — Yes ;  and  the  sm^  coal  in  our 
district  is  very  often  sold  at  a  loss, 

107.  (Sir  William  Armstrong.)  Do  you  sell  all 
your  small  coal,  or  bum  it,  or  leave  it  ? — We  sell  it, 
or  make  it  into  coke. 

108.  Is  it  all  utilised? — ^Yes.    We  are  now  com- 
mencing washing  the  small  coaL 

109.  {Mr,  Clark.)  Have  you  only  recently  com* 
menced  wadiing  it  ? — ^Yes ;  that  is  only  to  get  out 
the  dirt. 

110.  (Mr.  Forster.)  In  tliat  mine  (pmndng  out 
the  same)  wh§tt  do  you  pay  per  yard  for  this  narrow 
work  ? — I  cannot  tell  you  ofi-hand ;  we  have  so 
many  prices  in  the  difl^rent  mines  that  Z  cannot 
state  that. 

111.  {Sir  William  Armstrong.)  Am  I  to  under- 
stand that  you  have  no  waste  at  all  in  your  mode  of 
working  ? — Practically  we  get  out  all  the  coal. 

112.  And  you  use  it  all  ? — Yes. 

113.  {Chairman.)  You  say  that  you  build  the  gas 
off  in  drawing  back  ? — We  do,  partly  by  pack  walls. 

114.  Up  each  working  do  you  build  a  gob  wall  to 
keep  up  the  roof  ? — ^Yes. 

115.  Do  you  find  that  those  gob  vnUs  serve  the 
purpose  of  a  lorattice  for  keeping  the  old  workings 
clear  ?— Yes. 

116.  It  is  not  building  the  gas  o^  but  building 
walls  by  which  the  gas  is  carrira  awav  with  the  air, 
and  k^t  from  getting  into  the  working  faces  ? — 
Yes. 

117.  (Mr.  Forster.)  -Do  you  afterwards  try  to 
knock  down  those  walls  ? — Ko  ;  it  is  better  to  leave 
them  up,  because  they  prevent  any  sudden  fall  of 
the  roof. 

118.  {Mr.  Woodhotue.)  How  far  are  those  walls 
apart  ? — Varying  from  eight  to  ten  yards. 

119.  Out  of  what  material  are  they  built  ?— Out  of 
the  roof  or  the  floors.  In  this  mine  there  is  a  piece 
of  dirt  of  about  10  inches  which  is  applicable  for 
walling.    We  also  get  stone  out  of  the  roof. 

120.  {Mr.  ClarK)  Are  those  walls  strong  enough 
to  any  sensiUe  resistance  to  the  falling  in  of  ue 
roof? — They  are  strong  enough  to  hold  it  up  until 
we  have  got  the  coal,  but  aftwwards  thegr  arc  sure 
to  settle  down. 

121.  (Mr.  Forster.)  What  is  the  thickness  of  the 
wall  ? — Three  yards  thick  at  the  foot. 

122.  What  is  the  cost  of  building  those  walls  ?—. 
From  4«.  to  4«.  6(/.  a  running  yard  ;  they  have  to 
be  built  9  feet  high  and  sloping. 

123.  Is  it  with  a  breadth  of  seven  feet  six  ?— Yes ; 
and  we  build  a  new  wall  at  every  eight  or  ten  yards. 

124.  (Mr.  Geddes.)  Do  you  ti^e  down  the  i-ooi 
systematically,  or  do  you  leave  it  to  chance  ?— The 
roof  comes  down  naturally  between  the  walls. 

125.  (Mr.  Woodhouse.)  What  would  be  the  height 
of  the  goaf  where  the  sbiff  falls  out  ?— It  is  a  great 
height ;  sometimes  it  is  15  feet  between  those  walls, 
and  those  walls  will  stand  holding  it  up. 

126w  Is  there  no  risk  of  tJkose  hollows  above  being 
reservoirs  for  gas  ?— No.  After  we  hare  finished  the 
bay  we  build  aU  that  off,  and  we  do  not  care  to  venti- 
late Uiat  at  all. 

127.  Still  if  any  lai^e  openings  are  lef^  from  falls 
in  the  roof,  those,  inasmuch  as  the  goaf  is  not  venti- 
lated, will  be  natural  receptacles  for  gas,  will  Uiey 
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0  6  n^t  ? — Even  without  tiiat  they  would  be  receptacles 
J.  Knewlu,     for  gas. 

•Sf-  128.  {Mr.  Forster.)  Unless  the  glass  falls  very 

."l^r!       rapidlj  it  would  never  ooze  out? — No. 
WApMiWB.      J29.  {Mr.  Geddes,)  Do  you  find  the  subridence 
pret^  equal  ?— Yes. 

130.  Even  in  the  inequalities  below  ?— Those  walla 
will  sink  into  the  floor,  and  then  they  will  all  come 
together.  The  sinking  makes  very  Uttle  difference, 
but  having  the  walls  there  keeps  up  the  roof  more 
than  otherwise  would  be  the  case.  Originally  we 
left  pillars  of  coal,  perhaps  a  yard  or  four  feet  six 
tfai<^  and  then  those  were  got  oat,  but  on  being  got 
out  they  were  very  much  crushed,  and  made  a  Targe 
quantity  of  small. 

181.  {Mr.  Clark.)  Do  you  never  turn  arcbea  under 
these  places  ? — ^That  would  scarcely  answer  :  we  do 
put  props. 

132.  {Mr.  Geddes.)  How  do  you  Bnd  the  subsi- 
dation  tell  upon  the  seam  above,  if  there  be  one  ? — 
It  would  injure  it ;  bat  we  get  the  seam  above  first. 

133.  Are  you  limited  in  your  working  to  one  aeaift 
at  a  time  ? — They  vary ;  there  is  a  certain  area.  You 
will  see  that  by  these  workings  we  have  got  the 
upper  mine  first,  then  the  next  one,  and  then'  the 
third;  they  are  one  over  the  other.  We  use  cast- 
iron  props ;  we  use  round  ones — ^hollow  pipes. 

134.  {Mr.  Clark.)  Could  yon  put  in  a  drawing  of 
one  of  them  ? — Tea. 

135.  (Mr.  Elliot.)  On  the  west  aide  of  the  pit  up 
the  fault  it  is  about  250  yards  ?— Tes. 

186.  What  quantity  of  coal  do  you  get  out  per 
day,  with  your  ordinary  mode  of  working,  in  those 
250  yards  7 — think  ^at  we  should  get  150  tons 
a  day. 

187.  What  quantity  of  air  do  you  apply  to  keep 
that  face  clean  ;  how  many  thousand  cubic  feet  ?— 
The  whole  quantity  of  air  going  through  the  colliery 
for  the  three  beds  is  33,000  feet  per  minute.  This  is 
a  sketch  of  the  ventilation  of  that  particular  colliery ; 
50  men  are  working  here  {pointing  to  the  sketch). 

138.  I  suppose  &at  they  will  average  abont  three 
tons  a  man  ? — ^Yes. 

189.  What  is  your  impression  as  to  the  quantity 
of  wind  whidi  is  passing  there  ? — I  really  cannot  say, 
but  on  the  average  we  &ve  about  200  feet  of  air  per 
minute  to  every  man,  taking  the  average  of  our 
works. 

140.  That  would  give  you  abont  10,000  feet  at 
-   that  ^stance  ? — ^Yes  ;  and  I  think  &at  that  will  be 

abont  the  proportion. 

141.  In  what  condition  is  this  return  {peii^itg  out 
■  the  same\J — There  is  no  gas. 

142.  That  is  at  the  highest  level  next  the  fiinit  ?— 
Yes. 

143.  I  understand  your  answer  to  be  that  upon 
a  breadth  of  workings  of  250  yards  with  a  goaf 
behind  it,  with  50  men  working  at  the  rate  of  150 
tons  a  day,  the  quantilj  of  10,000  cubic  feet  of  air 
keeps  it  perfectly  safe  ? — Yes. 

144.  Then  the  deduction  is  that  you  have  no  gas, 
or  very  little  ? — The  gas  has  been  very  well  drained 
by  driving  these  ends,  and  then  woi^ing  the  coal  in 
the  manner  in  which  we  do  it. 

145.  That  manner  is  nothing  more  than  Ae  ordi- 
nary pillar  and  stall  system,  wMch  has  been  praetised 
at  uie  MonkwearmouOi  colUeiy  for  the  last  25  years, 
with  a  certain  exception  ?— But  these  are  not  driven 
{pointinff  to  the  sketch). 

146.  {Chairman.)  You  do  not  drive  the  interme- 
diate levels  for  the  working  places  until  just  when 
they  are  about  to  be  wanted  ?— -Just  so. 

147.  {Mr.  Forster.)  I  see  a  large  number  of  doors 
in  this  return  ? — Yes. 

148.  Are  there  any  boys  at  any  of  these  doors  ?— 
No  ;  they  are  double  doors,  so  that  it  does  not  inter- 
fere with  the  ventilation. 

149.  You  do  not  keep  any  boys  No,  excepting 
where  there  may  be  ponywork. 

150.  {Mr,  GeddetT)  Would  yon  still  persevere  in 
the  aame  syatem,  supposing  jonr  area  to  be  dovblis  or 


treble ;  supposing  that  it  were  5,000  yards,  would 
yon  do  the  same? — We  should  endeavour  to  maik 
out  the  districts,  and  begin  to  work  back  from  that 
point ;  we  should  work  in  two  sections,  and  should 
keep  them  entirely  distinct 

Coal  produced  per  foot  per  statute  acre. 

151.  {ChairTnan.)  You  say  that  with  this  STstem 
of  workmg  you  get  nine  tenths  lai^e  coal  and  ons 
tenth  small  ? — Yes. 

152.  {Mr.  Forster.)  In  addition  to  the  small  coal 
there  is  the  dust  ? — Yes. 

153.  {Ckairmm.)  WH  you  specify  exactly- in  what 
these  proportionB  cmisist  ?  In  the  flrat  instance,  what 
does  Ihe  large  coal  consist  of? — ^It  will  be  round  coal 
and  riddled  coal  mixed  together  ;  that  will  be  90  per 
cent.,  and  there  will  be  10  per  cent,  of  small  ;  we 
riddle  out  the  dirt. 

154.  Taking  the  proportion  of  saleable  coal  which 
you  obtain,  what  quantity  do  you  get  per  foot  thick 
per  statute  acre? — We  get  17  cwL  per  cubic  yard, 
and  that  will  be  4,114  tons  per  statute  acre  for  three 
feet  thick,  or  2,900  tons  per  Cheshire  acre  one  foot 
thick.    We  work  by  the  Cheshire  acre. 

155.  {Mr.  Woodhouse.)  What  would  be  a  statute 
acre  a  foot  thick  ? — 1,371  tons. 

156.  (CAotrmon.)  Your  custonuiy  acre  is  the 
Cheshire  acre?— Yes. 

157.  How  many  square  yards  are  there  to  the 
Cheshire  acre  ? — 10,2^. 

158.  {Mr.  Clark.)  You  are  giving  ns  the  results 
of  your  own  experience,  and  not  of  calculations  ?— 
Yes,  for  a  series  of  years.  We  pay  the  acre  per 
foot  thick. 

159.  {Chairman.)  Are  your  measurements  the 
quantity  of  coal  in  every  six  months  ? — Yes. 

160.  {Mr.  Clark.)  When  you  work  a  three-feet 
seam,  how  do  you  proceed  ? — ^By  the  foot.  The  lease 
specifies  that.  We  diall  pay  so  much  an  acr^  per  foot 
thick. 

161.  {Chairman.)  The  custom  in  letting  mines  in 
Lancashire  and  Cheshire  is  to  have  so  much  per  foOk 
thick  per  acre  ? — Yes. 

162.  {Mr.  Forster.)  Are  these  quantities  the  yidd 
or  the  round  coals? — The  3rie)d  of  all;  it  is  all  that  is 
raised  out  of  the  pit. 

163.  {Mr.  Clark.)  That  is  exclusive  of  the  dust?.- 
The  dust  is  very  little. 

164.  Taking  100  parts  of  coal,  how  is  it  composed,* 
there  is  so  much  large,  so  much  small,  and  so  much 
dust  ?— I  cannot  give  yon  that. 

165.  Yon  have  said  that  there  is  90  per  cent,  large 
and  10  per  cent,  small ;  the  dust  is  an  imperceptible 
quantity  ? — ^Yes  ;  it  is  only  to  get  out  the  dirt. 

166.  Why  do  you  riddle  tWs  dust  ? — In  order  to 
get  out  the  dirt. 

167.  Then  you  know  how  much  is  eliminated  ?— 
It  is  very  little;  but  b^  that  means  the  coal  is  in  a 
b^ter  condition  when  it  comes  np. 

168.  {Mr.  Elliot)  What  do  you  consider  to  be 
the  specific  gravity  of  a  cubic  yard  of  your  coal  ?— 
It  varies  from  18  to  19  cwt. 

169.  Therefore  in  taking  it  at  17  cwt.  there  ia  a 
certain  amount  of  waste  ? — That  is  taking  the  wbols 
colliery. 

170.  If  you  get  17  cwt.,  and  if  the  weight  of  it  is 
from  18  to  19  cwt  if  yon  took  19  cwt.,  it  would  be 
rather  m«e  than  10  per  cent.,  n  tint  aooording  to 
that  it  would  be  between  8  and  10  per  cenL,  would 
it  not  ?— Fnun  17  to  19  cwt  would  be  10  per  cent 
That  of  course  includes  all  mishaps  which  arise  in 
the  colliery.  IVactieally  we  get  oat  all  ihMt  can 
be  got. 

171.  Is  it  not  the  cnstom  throughout  the  whole 
country  to  get  out  all  that  can  be  got  out  ? — Ye$ ; 
but  still  there  are  some  places  where  joa  must  lesn 

some. 

172.  {Chairman.)  I  suppose  that  now  and  thOi 
when  there  is  a  little  bad  ground,  yon  are  obliged  to 
leave  a  stomp  of  coal  as  a  support  ? — ^Yes. 
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173.  (JTp.  For$ier,)  YoudoBoVl  mppon,  w^teai 
for  that     We  do  not  alwaya  g«t  ui  alLcnrance  ior  it. 

173a.  {Chairman.)  But  aaj  stump  of  coal  which 
^on  BHUt  leave  fisr  a  piece  of  bad  ground  is  inclnded 
in  the  loss  ? — Yes. 

174.  {Mr.  Woodhouse.)  Do  jtm  take  into  account 
in  this  waste  what  goes  to  engines  ? — Yes.  Perhaps 
I  do  not  understand  jou  ?  Do  you  mean  the  waste 
as  between  the  17  cwt.  and  the  18  or  19  cwU 

175.  You  say  that  you  get  out  90  per  cent.  ? — Yes. 

176.  Do  you  calculate  from  time  to  time  what 
proportion  of  that  really  goes  into  the  market  for 
sale,  and  what  is  taken  up  for  colliery  purpoees  ? — 
I  have  the  per-eentage  of  the  coal  used  for  colliery 
pniposes  of  the  quantity  raised  out  of  the  pit.  I  am 
now  deaUng  with,  the  quanti^  raised  out  of  the  pit 
for  all  purposes.  I  can  tell  yoq  the  quantity  which 
we  use  ror  odliery  purposes  out  of  the  whole 
quantity. 

177.  Hy  impression  wss  that  90  per  qent.  came 
oat  of  the  pit  ? — ^No ;  90  per  cent,  of  round  and 
riddled  ooal  comes  out  of  the  pit^  and  10  per  cent,  of 
slack.  Out  of  the  qnantiQr  raised  from  the  pit, 
between  three  and  four  per  oent.  is  used  for  colliery 
purposes. 

178.  {Chairman,)  That  I  suppose  depends  upon 
the  quantity  raised  at  that  particolar  ooUieiy  ? — 
Yes;  and  the  quantity  of  watw  whidi  has  to  be 
pumped,  and  so  on. 

179.  {Mr.  fVoodhoute.)  Can  you  giye  m  round 
figures  the  actual  siUeable  produce  per  acre  ? — You 
may  take  three  and  a  half  per  cent,  off  the  17  cwt 
•which  is  got  per-  cubic  yard,  and  (hat  will,  giye  you 
the  quantity  which  is  sold.  You  must  take  48  tons 
from  1,371  i  that  will  make  1,323. 

180.  Out  of  that,  how  many  tons  will  be  round 
ooal  and  how  many  tons  will  be  sipaU? — That  is 
simply  tJie  yield  out  of  the  sera.  I  have  bef(we 
given  you  the  proportions  of  that  yield  at  this  par- 
ticular colliery  ;  they  vuy  accordiifg  to  the  different 
mines. 

181.  {Mr.  Elliot.)  Assuming  that  a  cubic  yurd  of 
coal  is  18|  cwt,  or  about  that,  the  loss  in  converting 
it  into  a  saleaUe  article  is  eight  per  oent.  ? — Yes. 
There  will  be  of  round  and  riddled,  coal  8?  per  cent., 
•and  ten  per  cent,  of  slack ;  there  is  82  per  cent,  of 
round  and  riddled  coal,  which  is  passed  over  a  three- 
quarter  inch  riddle,  leaving  ten  per  oent.  of  ^ack  and 
eight  per  cent,  of  waste  in  the  working  of  the 
colliery,  which  will  mdude  all  pillars  left  for  any  tnd 
roo^  or  anything  of  that  kind. 

1S2.  {Ckatrman,)  Under  diftrent  systema  of 
working,  where  they  have  not  driven  their  levels  oat 
to  an  extremity,  and  gone  bsMsk,  have  jfUfknown  the 
result  to  be  very  considerably  less  snccessfhl  tiian 
-that,  in  regard  to  the  propMiion  of  large  coal  pro- 
duced?— ^Yes. 

183.  Has  the  difference  been  double  or  more  ? — 
Even  in  oor  own  woiUngs  whei9  we  have  bied  it 
there  has  been  a  great  change. 

Order  of  vtorkinp  the  seams. 

184.  {Chairman.)  Are  Uie  seams  worked  in  de^ 
Bcending  order,  or  are  those  yror^ed  fir^t  which  sre 
most  profitable,  without  r^ard  to  the  effect  upon 
iqiper  seams  which  ma^  be  iiyured  thereby? — In 
leaiing  a  series  c£  mines  it  is  generally  stipulated  in 
thp  leve  that  ^e  u^er  seams  i^all  be  wwked  first. 

.  186.  {Mr,  Clark)  What  is  the  object  «f  . the  lessor 
in  that  stipulation  ? — So  that  a  lower  «esm  may  not 
be  worked  out,  and  u^ure  an  upper  seam.  . 

186.  There  is  no  reference  to  the  qmdcer  incoming 
of  rents  ? — ^No ;  it  Ims  no  reference  to  that  There 
is  a  stipulated  rent 

187.  {Chairman.)  But  although  that  condition  is 
stipulated  by  most  of  the  leases  with  which  you  have 
to  do,  do  you  still  find  practically  that  under  this 
system  of  working  which  you  have  described  to  us, 
if  a  sufficient  li^  of  time  be  allowed  for  the  ground 
to  become  settled,  yon  can  go  over  these  upper  seams 
wd  work  them  out  ?— Yes,  I  think  tfaait  yon  oap. 
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188.  But  it  is  omsidered  not  io  be  so  sueeessfhl  a       C  7 
mode  as  that  of  wwking  the  seams  in  a  descending    j  Knm^ 
order'  ? — I  do  not  think  that  it  is.  *  Ea^* 

189.  {Mr.  EUiot.)  Supposing  that  you  had  a  seam 

at  a  depth  of  100  fathoms  of  inferior  quali^,  and  IS  April  ISW. 

another  at  a  depth  of  150  fathoms  of  a  superior   — 

quality,  would  it  he  an  injudicious  provision  in  the 
lease  to  stipulate  that  the  upper  seam  should  be 
wcnked  first? — The  natural  tendency  of  the  colliery 
proprietor  would  be  to  take  the  lower  seun  and  leave 
the  upper,  if  the  landlord  would  let  him  do  so ;  bnt 
the  landlord  would  want  the  upper  seam  to  be  worked 
first,  and  if  it  was  an  ioferior  seam  there  is  no  doubt 
that  he  would  make  a  difference  in  the  rental  of  that 
seam. 

190.  {Mr.  Forster.)  The  quality  of  the  beds  of 
coal  fixes  the  rental  ? — Yes. 

191.  {Mr,  Elliot.)  Suppoung  that  there  were  a 
distance  of  50  iatb<»ns  between  the  one  seam  and 
the  other,  would  yon  work  &e  inferior  coal  in  pre- 
ference to  the  low«-  and  superior  ccal  ? — I  should  get 
them  both  worked  at  the  same  time ;  I  would  work 
them  consecutively. 

192.  {Mr.  Clark.)  In  that  case  I  presume  that  you 
would  be  governed  partly  by  the  question  of  profit, 
and  partly  b^  a  mechanical  question,  namely,  the 
question  of  disturbance  ? — Yes  ;  and  by  the  arrange- 
ment with  the  landlord.  The  question  of  time  in 
sinking  50  fathoms  is  not  much  if  you  go  to  a  good 
seam- 

193.  (Jl/r..£//io<.)  You  are  a  practical  man.  Would 
you  consider  that  at  the  dep^  of  50  fathoms,  with 
a  bed  of  coal  lying  above  it,  wwking  in  the  manner 
in  which  you  are  wmking,  that  eeam  would  be 
iiyured? — ^If  it  was  to  be  worked  soon  after  the  lower 
seam  it  would  be  iigured,  but  I  do  not  think  that  it 
would  be  much  iigured  if  it  was  sot  upon  this  system 
of  workii^  because  it  wonld  all  go  down  together ; 
it  might  cost  a  little  m<ffe,  bnt  it  would  not  iigure  it 
■o  much. 

194.  If  you  were -both  the  lessor  and  the  lessee, 
you  would  work  the  lower  seam  because  it  was  the 
better  one»  and  because  yon  could  make  more  money 
by  it ;  and  you  would  not  be  deterred  from  doing  so 
in  ccmsideratiQn  of  a  little  iiyury  which  might  occur 
to  the  upper  seam  ? — Mr  feeling  is  that  if  ^ou  left 
the  upper  seam  you  would  not  want  to  go  to  tt  again. 
I  thi^  that  yon  would  get  the  upper  seam  at  the 
same  time  as  you  got  the  lower  one. 

195.  I  suppose  that  there  is  a  difference  of  2s.  or 
Sm.  a  ton  in  ue  value  of  coal  ? — Certainly. 

196.  Ajid  that  coal  which  is  the  cheapest  to  sell, 
perhaps,  costs  more  to  get? — That  sometmies  occurs. 

197.  Supposing  that  you  were  both  lessor  and- 
lessee,  having  the  whole  field  in  your  own  possession, 
woidd  you  fint  work  the  seam  which  was  inferior,  or 
would  you  first  work  that  which  was  more  advan- 
tageous to  get,  and  which  would  pay  you  much 
better,  and  divide  the  quantity,  as  it  were,  between 
the  bad  seam  and  the  good  one,  where  good  coal  was 
to  be  got  ? — Looking  at  the  matter  as  owner  and 
worker  and  also  as  lessor,  I  should  work  both  seams 
consecutively ;  I  should  get  the  full  quantity  out  of 
the  lower  seam  and  get  the  upper  one  as  well. 

198.  {Mr.  Clark.)  Would  you  mix  the  ooal  i—Vo. 

199.  {Mr.  Elliot,)  We  will  say  that  there  is  2f .  SdL 
a  ton  difference  in  Uie  value  ? — ^Tes. 

200.  Wfast  would'  be  the  royalty  rent  upon  that 
inferior  seam ;  would  it  be  Qd.  a  ton  ?— I  do  not  quite 
understand  you. 

201.  It  varies  with  you,  I  suppose,  from  6dL  to  9d^ 
a  ton  ? — Yes. 

202.  Then  we  wfll  suppose  that  the  good  seam 
would  be  9d.  and  the  other  64^.  ?•— Yes. 

203.  Would  you,  for  the  sake  of  sating  6dl,  which 
is  your  royalty,  both  seams  being  yours,  disperse  the 
half  of  your  sale  into  a  bad  seam,  and  sell  that  coal 
for  2s.  6<£.  a  ton  less,  rather  than  get  a  greater 

'  profit  ? — ^I  would  not  mix  them ;  I  would  sell  each 
,  separately.  j 
B  4 
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204.  WouM  you  employ  your  capital  and  time  in 
ruBing  an  article  which  was  2».  a  ton  less  profitable 
to  you  than  another  ? — I  should  get  as  much  as  I 
coutd  to  sell  out  of  the  more  profitable  mine. 

205.  {Mr.  Clark.)  Always  remembering  that  the 
time  muBt  come  when  you  must  work  the  unprofitable 
seam  ?— Tea.  .  _ 

206.  {Mr.  Forsier.)  Would  you  not  rather  sacrifice 
the  inferior  bed  of  coal,  and  work  the  best  coal  ?— 
If  there  was  a  profit  to  be  got  out  cf  the  upper  seam 
I  would  work  it  aa  well  as  3ie  lower  one, 

207.  Supposing  that  you  got  6rf.  per  ton  profit  out 
of  the  upper  seam,  and  2g,  6d.  a  ton  profit  out  of  the 
lower  seam,  both  of  them  costing  you  the  same  to 
raise  to  bank,  which  would  you  work  ?— I  should  get 
as  much  as  I  could  out  of  the  lower  seam,  and  then  I 
should  work  the  upper  seam  as  well 

208.  {Sir  miliam  Armstrong.)  I  suppose  that 
your  object  would  be  to  get  the  largest  posaible  profit 
out  of  the  colliery  ? — Yes. 

209.  Would  you  do  that  by  dividing  your  workings 
between  the  more  and  the  less  profitable  seams,  or 
otherwise  ?— If  in  the  course  of  years  both  the  seams 
were  to  be  worked,  then  I  should  say  work  them  con- 

secutiTely.  -     i-i.   ^  ^ 

210.  Suppose  that  you  are  at  perfect  liberty  to 
work  as  you  please  ?— Then  I  should  work  the  lower 
seam  ;  but  then  the  upper  would  be  lost  for  ever. 
I  do  not  think  that  it  would  pay  to  work  it  by  itself. 

211.  {Mr.  Forster.)  Supposing  that  you  were 
getting  5*.  per  ton  for  the  inferior  seam,  and  10*. 
per  ton  for  the  best  seam,  and  that  they  both  cost 
you  the  same  to  raise,  the  best  seam  would  be  the 
most  profitable  ? — ^Tes. 

212.  {Sir  WtUiam  Armstrong.)  I  understand  that 
there  are  certain  seams  which  can  only  be  worked 
adrantageously  at  present  in  conjunction  with  other 
and  better  seams.  If  the  inferior  seams  were  not 
worked  conjointly  with  the  better  ones,  would  you 
consider  them  to  be  sacrificed  entirely  unless  a  time 
should  anive  when  the  value  of  coal  would  bo  very 
much  enhanced  ? — Yes. 

213.  (Mr,  Ellioi.)  Do  you  mean  that  Uhot  would 
be  sacrificed  because  they  would  not  sell,  or  that  they 
would  be  sacrificed  in  consequence  of  impn^  work- 
ing ? — ^We  have  now  a  mine,  one  part  of  which  we  gre 
abandoning  because  it  turns  out  to  be  bad.  Wo  are 
working  a  part  of  that  mine  to  an  advantage,  because 
we  are  working  others  conjointly  with  it ;  but  if  we 
were  to  maintain  a  colliery  for  that  particulM-  mine 
only  it  would  not  pay.  Working  that  mine  in  con- 
junction with  others,  it  answers  our  purpose  to  get 
that  mine  as  well  as  the  others,  because  we  cannot 
get  out  of  the  other  mines  aa  much  coal  as  will  keep 
the  pits  going,  and  therefore  this  mine  then  comes 
in  as  an  adjunct  to  them. 

214.  I  dare  say  that  upon  this  mode  of  working 
you  would  not  hesitate,  so  far  as  the  practical  diffi- 
culty arises,  to  woik  that  seam,  although  you  had 
seams  above  it.  That  mode  of  working  might  slightly 
iiqnre  but  you  would  not  be  deterred  from  workine 
the  best  coal  by  any  practical  difficulty  if  the  cou 
was  your  own  ? — ^There  are  so  many  attendant  cir- 
cumstances, as  I  have  told  you,  that  if  I  could  work 
the  two  simultaneously  I  would  rather  do  that  thui 
have  to  come  back  to  the  upper  mine,  assuming  that 
has  to  be  done.  If  I  leave  the  mine,  and  do  not  care 
about  it,  then  I  go  at  once  to  the  lower  mine  and 
work  it. 

215.  Supposing  that  you  had  an  opportunity  of 
visiting  and  q>ent  a  few  days  in  visiting  25  collieries, 
and  saw  a  large  extent  of  workings  whra«  the  lower 
seams  had  bwn  taken  away  and  the  upper  seams 
were  being  worked  on  a  very  extensive  scale,  having 
received  no  ii^nry  whatever,  would  that  have  any 
e&ct  up(Hi  your  opinion  ?— Jt  would  depend  entirely 
upon  Hub  circumstances  in  connexion  wiUi  the  case. 

216.  Whore  a  seam  of  coal  four  or  five  feet  thick 
lias  been  entirely  taken  away  20  years  ago^  and 
parties  are  now  working  over  where  that  coal  has 
been  remOTed,  within  15, 20,  or  30  fathoms,  and  &o 


practical  inconvenience  results  from  it ;  supposing 
that  you  had  an  opportunity  of  seeing  all  that,  would 
it  have  any  efiect  upon  your  opinion  ? — I  should  say 
that,  generally,  the  upper  seam  should  be  worked 
first. 

217.  {Mr.  Clark.)  Yon  are  now  speaking  apon 
mechanical  grounds  ? — Yes. 

218.  (Mr.  Elliot,)  Bo  you  not  think  that  your 
opinion  would  undergo  some  change  if  you  saw  that 
the  contrary  had  been  in  practice  over  a  large  district 
of  country  in  numerous  instances  P— -Looking  at  it  in 
a  over's  point  of  view,  having  the  landlord  to  deal 
with,  I  should  wrtainly  endeavour  to  go  down  to  the 
best  seam,  supposing  that  tiie  landlord  wouM  allow  it. 
Yon  put  me  into  the  position  of  a  landlord,  and  as  a 
landlord  I  prefer  iluit  yon  should  work  the  uppo- 
seams  first,  and  work  downwards. 

219.  Landlords  are  merely  tenants  for  life,  and 
their  object,  being  tenants  for  life,  is  to  get  as  large 
an  income  as  they  can  during  their  time.  Would  it 
not  therefore  be  dieir  interest  to  allow  the  coal  to  be 
worked  which  could  be  sold,  and  to  get  the  lu-gest  - 
revenue  which  they  could  by  bringing  into  the  market 
that  kind  of  coal  which  was  most  in  demand,  rather 
than  to  impose  terms  upon  their  lessees  whidi  woald 
I'estrict  the  quantity  ? — He  would  then  impose  terms 
to  the  detriment  of  his  snocessor. 

220.  (Mr,  Clark.)  Who  generaUy  woaU  be  his 
son? — ^Yes. 

221.  (Mr.  Elliot.)  That  would  be  aesnming  the 
whole  qnesticm,  namely,  that  it  is  a  detriment? — 
think  tl»t  it  is  a  detriment. 

222.  Perhaps  you  are  not  aware  that  in  a  great 
portion  of  the  county  of  Durham  seams  are  being 
worked  under  which  the  better  coal  has  been  re- 
moved, and  that  no  inconvenience  arises  from  it  ? — 
I  cannot  but  think  that  an  injury  will  arise  to  some 
extent  from  working  the  lower  seams  under  the 
upper  seams.  It  may  be  more  or  less,  and  it  would 
depend  entirely  upon  the  method  in  which  the  coal 
was  worked,  and  also  upon  the  number  of  pillars 
which  were  left  for  buUdings,  or  anything  of  that 
kind. 

223.  Have  you  ever  heard  that  there  is  frequently 
a  great  improvement  occasioned  by  working  a  seam 
eiuer  above  or  below  ;  that  it  has  improved  the 
other  seams,  and  has  made  them  harder  and  stronger, 
and  with  a  better  roof? — ^Tes;  we  have  cases -of  that 
kind.  The  cool  gets  harder  because  the  gas  is  liberated 
from  it. 

224.  The  ooal  is  made  stronger  and  harder  ? — ^Yes ; 
and  it  sometimes  costs  more  to  wwk,  in  consequence 
of  being  harder. 

225.  But  in  that  case  it  produces  more  round  eoal  ? 

— ^Yes. 

226.  {Chairman,)  Mr.  Elliot  has  put  it  to  you  that 
if  you  had  wider  means  of  observation  you  might 
-  possibly  modify  your  opinion.  May  I  ask  yon  how 
many  meu  your  firm  empU^  ? — Above  3,000. 

227.  In  addition  to  I3ie  experience  which  you  have 
had  in  your  own  mines,  were  you,  when  you  a 
young  man,  articled  to  a  mining  engineer  ? — Tea. 

238.  And  have  you  had  means  of  observation,  not 
mdy  in  Lancashire  but  in  different  parts  ^  the  king- 
dom?— ^Yes. 

229.  {Mr.  Clark.)  If  you  had  been  asked  as  a 
mining  engineer,  other  things  being  the  same,  whe- 
ther you  would  have  wmked  the  top  or  the  bottom 
seams  first,  what  would  have  hem  your  answer  ?— 
The  top  seam. 

230.  {Mr.  Elliot.)  Have  you'  had  frequent  oppor- 
tunities of  seeing  the  coal  worked  after  the  seam 
below  had  been  tucen  awa^  ? — ^In  our  own  works  we 
have  opportunities  of  seeing  it  when  there  are  two 
mines  near  tc^ether.  We  have  had  difficulties  in 
keeping  the  mines  exactly  one  before  the  other.  We 
have  found  that  the  upper  mine  is  worse  to  worki  f 
we  have  got  the  lower  mine  first,  but  if  it  u  left  a 
long  time  there  is  not  an  immense  amount  of  ixgury 
arisii^  from  it  At  the  same  time,  if  pillars  of  coal 
are  Im  for  the  support  <tf  buildings  or  pits,  it  wiU 
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Buke  the  upper  seam  irregQlar,  beosnw  those  pillara 
will  keep  a  portion  of  the  ground  in  its  original  pon- 
tion,  and  on  each  aide  of  uoee  pillari  the  grotmd  will 
come  down,  and  on  each  side  of  those  pillars  we  shall 
find  an  irregular  seam.  In  the  north  of  England  you 
have  large  areas  of  coal  fields  without  any  bnildhigs 
or  any  necessity  for  pUlars ;  but  I  still  think  that  tiie 
proper  course  is  to  work  downwards. 

231.  (5*r  William  Armstrong,)  Yoa  uudwstand 
that  the  gist  of  the  present  inqnii^  is  to  aBcerCain 
what  is  l£e  amotmt  of  coal  which  u  wasted,  or  will 
he  ultimately  wasted,  upon  the  present  system  o£ 
WOTldng.  Is  it  your  opinion  that  accwding  to  the 
pnaent  method  of  workinfE.  which  is  peeuliarly  pur- 
sued,  seams  are  being  1^  -niiieh  will  not  be  enable 
of  being  worked  under  similar  circumstances  f—ln 
our  district  I  do  not  know  of  any  scams  which  are 
being  left  which  will  be  worked  again. 

232.  Are  there  seams  which  are  beii^;  left  ?— Yea. 
All  these  (pointinff  oiU  the  $ame)  are  seams  Which 
cannot  be  worked. 

233.  There  are  74  beds ;  out  of  that  number  of 
beds,  how  many  are  actually  worked  ? — The  highest 
seam  which  has  been  worked  is  the  Yard  Main. 
That  is  not  worked  now.  It  has  been  worked  to  a 
small  extent 

234.  It  haa  not  been  exhausted  ? — ^It  has  only  been 
woriud  to  a  small  extent  I  do  not  know  it ;  bnt  I 
do  not  think  that  it  is  a  good  mine^ 

285.  {JBfr.  Geddei.)  Is  it  a  workable  seam  ?— I  do 
not  know  it  sufficiently  to  speak  to  it. 

236.  (5ir  ffiUiam  Armttronff.)  What  is  the  next  ? 
—The  Four  Foot  Mine.  That  is  worked,  and  will  be 
worked.  Then  we  come  to  the  Bin  Mine,  the  Shuttle 
Mine,  Ac  Crumbouke  Mine,  the  Dow  Mine,  the  Five 
Quarters  Miue,  the  Trencherboume  Mine,  and  then 
the  Cannel  Mine,  and  the  Plodder  Mine,  and  there  is 
another,  Yard  Main.  Those  are  all  the  mines  which 
we  are  working.  There  are  also  the  Half  Yard,  the 
Three  Quarters,  and  the  DaubhiU  Mine,  and  there  are 
the  Forty  Yards  Mine,  and  the  Three  Quarters  or 
Gannister  Mine.  There  may  be  a  sectim  below  that, 
bnt  it  4s  very  small. 

237.  That  makes  16  out  of  74  ?— Yes. 

238.  What  is  the  aggregate  fhidcness  of  those 
which  are  worked  ? — Four  feet  eight  mcfaes ;  the  bin 
and  ooal  together.  Taking  merely  cmI  it  will  be 
three  feet  of  coal. 

239.  Taking  the  Bin  Mine  what  is  it  ? — You  may 
call  it  an  average  of  three  feet  nine.  The  next, 
which  is  the  Crumbouke,  is  four  feet  three.  The 
Bams  is  four  feet  six.  The  Dow  is  seven  feet  six. 
The  Trencherbourne  is  SIX  feet  seven.  The  Cannel 
is  three  feet  four.  The  Plodder  Mine  is  three  feet. 
The  Lower  Yard  Mine  on  the  average  is  about  two 
&et  aix.  The  Half  Yard  is  eighteen  inches.  The 
Three  Quarters  is  two  feet  three.  The  Daubhill  is 
fonr  feet,  and  the  Forty  Yards  Mine  is  two  feet  I 
think  that  taking  this  district  yoa  had  better  call  it 
me  foot  nine. 

240.  Would  it  be  workable  where  it  is  only  one  foot 
BiM  7-*Yes ;  we  do  wwk  it  at  that  thi<Ane8Sk 

241.  That  makes  fifty-six  feet  eight   The  olfaer 
coals  are  treated  as  unworkable  ? — Yes. 

242.  Are  there  any  portions  of  these  which  are 
actwdly  worked  which  wUl  be  sacrificed  in  conse- 
quence of  working  lower  beds  of  superior  qualiQ^  ? — 
Vtfe  have  no  case  of  that  kind.  There  is  a  case  in 
the  Bin  Mine  at  Agecrofl  Colliery  which  has  so 
deteriorated  in  value  that  it  will  not  pay  to  get  the 
coal. 

243.  Are  thore  cases  of  that  kind  to  a  connder- 
able  extent  ? — I  do  not  know  of  many  cases  <t£  that 
kind. 

244.  How  much  of  this  coal  which  is  now  regarded 
as  workable  will  be  eventually  sacrifloed  or  hwt  in 
eonsequence  the  method  of  woriting  it  zwdering  it 
not  worth  obtaining? — I  think  tiut  the  whole  of 
those  coals  will  be  got  We  reiy  often  find  that  tme 
mine  detericvates  in  going  westrtntrd,  and  that  another 
mine  i  nereases  in  thicness. 
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245.  Which  seams  are  you  working  largdy  at       0  Q 
present  ? — (  The  leitneas  pointed  *tut  the  same,)  j_  Knawlet 

(  Witness.)  The  reason  why  the  Four  Feet  Mine  is  Etu. 
not  being  woiked  in  that  district  is  because  it  got  — ■ 
drowned  out  in  1842  ;  bnt  It  is  being  worked  between  39  April  iSGS. 
the  faults  on  the  Bridgwater  estate,  and  it  is  possible  "~" 
that  in  time  the  Fmir  Feet  Mine  will  be  again 
wwked. 

246.  This  {pmnting  to  the  drawimg)  you  are  now 
woricing,  and  that  you  are  not  working  now  ?— Yes.  ' 

247.  Will  the  fact  of  yonr  working  ont  thir,  with- 
out simoltaneoiuly  wwking  out  the  other,  so  damage 
it  as  to  render  it  not  wmth  while  to  work  it  ont  at  a 
fiitore  period  ? — Tia^  mine  wilt  be  injured  where  we 
have  left  pillars  of  coal  to  support  buildings,  and 
where  we  have  got  the  surrounding  coal.  Where  the 
whole  of  the  coal  is  got  out  this  {pointing  to  the 
drawing)  will  not  be  injured  by  the  lowering,  or 
not  to  aoy  considerable  extent.  If  Ihere  are  pillars 
left  here  for  any  cmsiderable  object  tiiey  are  sure  to 
be  broken  up. 

248.  According  to  your  present  mode  of  workii^ 
this  coal,  to  what  extent  will  it  be  injured  ?— We 
have  not  got  down  there  yet. 

249.  Supposing  that  you  do  so,  and  that  you  work 
this  coal  and  not  that,  to  what  extent  will  it  be 
deteriorated  ?— The  mine  will  not  be  deteriorated,  bnt 
it  will  be  the  expense  of  wcnrking.  It  will  be  .more 
expenmve  to  work. 

250.  Wh^? — Because  it  will  draw  the  mine  irre- 
gularly, owing  to  the  pillars  of  coal  which  will  be 
left  to  support  buihlings.  I  do  not  think  so  much  of 
the  iigury. 

251.  I  presume  tliat  It  would  be  an  inconvenience 
to  proceed  with  this  Bin  Mine  before  you  worked  out 
this  other  mine  {pointing  to  the  thawing)  ?— Cer- 
tainly. I  would  rather  work  this  mine,  under  the 
circumstances,  where  it  is  situated  if  there  was  not  a 
lai^e  quanti^  of  water  upon  it  The  cost  of  working 
Hub  mine  in  its^  as  a  mine  is  less  than  the  cost  of 
working  that ;  and  it  fhmishes  coal  of  a  peculiar 
nature,  namely  furnace  coal,  which  the  otiier  does  not 
It  is  more  [MrofitaUe  in  another  way. 

252.  {Mr.  Forsler.)  Then  the  condition  of  the 
leases  is  vUimatety  no  valae  if  you  are  ^  to  yonr 
discretion  to  take  a  lower  seam  ratfaor  than  an  upper 
seam,  supposing  that  the  quality  or  other  cvcnm- 
stances  render  it  expedient  ? — The  lease  compels  us 
to  work  the  upper  seam  first  The  lessor  says  that 
yon  must  work  that  first 

253.  Cannot  yon  go  to  the  lower  seam  at  all  under 
any  circumstances  We  do  so.  We  work  them 
simnltaneoudy.  We  work  the  four  seams  togedier. 
The  upper  seam  is  got  a  little  in  advance  of  the  lower 
seam. 

254.  (JIfr.  C/orA.)  Thmr  are  worked  umultaneously, 
but  one  a  little  ahead  of  we  other  ? — ^Yes. 

255.  {Mr.  Forster.)  I  undOTstand  you  to  say  that 
yon  are  not  bound  to  work  the  upper  seam  to  the 
exelui^on  of  the  other  seam  ?— Na  The  idea  of  the 
landlord  is  that  if  the  lower  seam  is  worked  first  ii 
injures  the  upper  seam. 

256.  {Mr.  Clark.)  That  Is  to  say,  mechanically  ?— 
Yes. 

257.  {Sir  William  Armstrong.)  We  have  it  in 
evidence  that  ont  of  the  74  beds  which  }'ou  have 
enumerated  some  15  are  workable.  Aud  we  have 
already,  perhaps,  sufiiciently  discussed  the  question 
as  to  how  far  the  upper  beds  of  these  would  be 
injured  by  the  lower  ones  being  worked  first ;  bnt 
there  is  another  point  on  which  1  wish  to  be  a  little 
more  clearly  informed,  namely,  whether  any  of  these 
workable  beds  are  only  worluU>le  upon  the  condition 
of  bfibg  worked  in  OHinexion  with  the  most  valuable 
ot  them? — All  these  which  are  being  woiked  now 
are  workable  themselves. 

258.  That  is  to  say,  the  15  which  I  have  hen  ?— 
Yes. 

259.  If  yon  exhausted  the  best  of  them  the  othen 
would  be  woriuible  in  dwuselvw  intiinsicaUy 
Yes. 

t 

Digitized  by  GooQle 


32S  ON  -WMSIE  m  W0BKZN9. 


CIO 

S9  April  18«8. 


260.  Thej  wcMld  not  be  lost  ?— No. 

261.  That  is  to  say,  that  they  wonld  he  voiked  alj 
the  luresent  conditions  of  (Hnoe:?-*-Ye8. 

262.  {Mr,  Gedda*)  May  not  any  <^  tiiqse  npper 
nuns  ooal  vhioh  are  now  Aaregnded  become  at  a 
fatvM  time  woricable  aeaam  of  coal  in  cmudqurace 
of  the  increase  of  price  sboiild  veiy  mnch  doubt 
whether  they  wonld  do  so. 

263.  (Chairman.)  But  supposing  that  there  was 
less  coal  in  the  market,  and  that  theie  were  no  thick 
Beams  to  be  worked,  would  not  some  of  these  sdams 
which  are  now  passed  by  beonne  woikaUe? — The 
price  would  have  to  be  very  high  to  make  them  pay. 

264.  How  mach  h^^her  most  it  be  ?~I  can  scarcely 
■ay  how  mach  higher. 

26$.  Probably  doable?  — Probably-  so  in  many 
iuAtances. 

.  Coal  left  for  pillars. 

266.  {Chairman.)  The  next  point  is  as  to  the 
pillars  to  foe  left  for  aur&oe  and  other  st^^KtrL  With 
regard  to  the  yield,  of  coal  which  you  have  \seea 
ap«aktDg  of,  do  your  remarka  apply  only  to  where 
you  have  a  field  of  coal  dear  of  faoildinga  on  the  snr- 
face  ? — Certainly, 

267.  But  when  you  come  to  de^  with  bnildinga 
on  the  surface  you  must  leave  a  considerable  quaatity 
of  cold  behiod  for  their  support  ?— Yes. 

268.  With  regard  to  lenving  these  pillars  for  the 
sni^rt  of  the  sur&ce,  what  is  the  greatest  propor- 
tion of  each  seam  which  has  to  be  left  in  any  of  your 
workings  ?— Where  the  surface  is  covwed  with 
buildings,  to  such  an  extent  that  we  have  to  support 
the  entire  surface,  it  takes  two  thirds  of  the  seam. 

'  269.  {Mr.  Geddet.)  Two  thirds  of  the  area  m  left? 
—Yes.  This  dxawing  {prodmamg  a  drainitg)  ex- 
plains it. 

270l  {Chairman.)  Here  yon  kava  two  tlm^aud 
work  (me  third  ?— Yes. 

271.  Is  thaw  any  portion^  are  thiere  any  instanoes, 

where  particular  buildings  have  to  be  supported, 
where  yon  leave  the  whole  of  the  coal,  and  do  not 
take  even  the  one  third  away  ?— .Yes. 

272.  {Mr.  Geddes.)  Is  Uiat  portion  embraced  in 
yoar  lease  ? — No.  We  could  take  this  piece  now, 
but  the  risk  is  so  great  that  ws  dare  not  t^e  it. 

273.  (Mr.  Clmrk.)  100,  or  200,  or  SCO  years  hence 
you  comd  not  vrork  those  seams,  could  yon  ?  Yon 
are  now  leaving  seams  with  a  view  to  svpport  the 
town  ;  300  or  400  years  henee  coald  those  seams  be 
worked  ? — I  do  not  think  that  it  would  pay  to  wcnrk 
the  pillais  afterwards. 

274.  Bat  could  you  work  the  seams  -wfaloh  are  Mt  ? 
rr-Yes. 

275.  {Sir  WiUiam  Armstrong.)  By  new  winnings? 
—Yes. 

276.  Is  not  the  probability  rather  in-  ikvour  of 
these  buildings  being  incraased  in  oonrse  of  time  ?— 
Yes,  I  think  so.  ' 

277-  So  that  you  oonld  not  calculate  on  this  part 
ever  being  avaUable  ?' — Just  so ;  and  buildings  are 
increasing  fast  in  Lancashire. 

278.  {Mr.  Geddes.)  Of  these  five  or  six  seams 
could  not  you  calculate  upon  the  probability  of  work- 
ing two  or  three  ? — Where  there  are  two  seams  dose 
twether,  with  a  soft  warant  betvreeoi  than,  the  pillars 
wAl  omsh  into  it  so  mnch  that  the  place  will  foe  filled 
ap,  so  that  if  we  got  die  coal  nnd^  these  fouddlngs^ 
although  we  left  the  two  thirds,  it  would  not  be 
mfBcimt  to  maintain  them  In  th^r  porition*  If  tiuy 
wwe  (mly  cottages  they  would  down  gradnally, 
font  mills  require  great  accuracy.  Thwe  is  one  point 
which  I  would  aihide  to,  namely,  that  the  amount  of 
injury  to  the  property  is  rery  often  small  in  propor- 
tion to  the  value  of  the  coal ;  but  the  great  difficulty 
with  the  colliery  proprietor  Is  in  ascertaining  what 
that  damage  has  been.  With  the  amount  of  law 
expenses  and  so  on  it,  is  equivalent  to  uiy  advant^e 
hi  woi^ing  the  coaL 

27.9.  {ChainMm.)  I  •appoiM  that  the  qnanMityof 
coal  wUeh  has  to  be  laft  for  the  support  of  tiie 


sor&ce  in  a  pqmlons  comrtjf  like-lAneaBter  is  viery 
eonaiderablie  r — ^Yes,  itis.  . 

280.  It  is  becoming  more  and  more  flo  every  day? 

—Yes. 

281.  {Sir  WUiiam  Armdrong*)  It  must  be  so  in 
lUl  manofoetnring  districts  i — ^Y«s. 

282.  {Chairman.)  In  the  'Case  of  cottage  property, 
I  understand  you  to  say  that  yon  generally- woric  tte 
coal  clean  ont  undcRMOtdi  ? — I  dra  not  aey  so  ;  bat 
if  there  were  cottages  we  could  work  out  to  a  larger 
extent  than  we  otherwise  do,  beewtte  tiiere  wonld  not 
foe  ^be  same  liA. 

283.  Could -you  form  an  opinion  as  to  what  the 
proportion  of  coal  vdiroh  has  to  be  1^  for  rapport 
in  4te  county  of  lAncaater  would  monai  to  opon  the 
aTerage  ? — ^I  have  no  idea  of  it.'  - 

284.  {Mr.  Clori.)  Of  course  thoe  is  a  period  after 
the  working  out  of  the  eoal  at  which  it  would  be  safe 
to  buUd  npoK  the  sni^fiMe  ?— Yes  ;  in  two  years  it 
wUl  be  eoi^letaly  closed.  >-  I«  rapidly  ftUa,  if  yon  get 
the  coal  ont  clear,  but  if  yon  do  not  get  it  ont  desr 
it  takes  a  longer  time.  ■  - 

SSA.  (Cim*Hm.)  In  leaving  tiiese  plUars  nhm 
your  seams  are  at  a  ooniriderable  depdi  foelow  ths 
snr&ce,  iriiat  is  considered  tiM  best  mode  of  pillan; 
numerous  and  small,  or  large  and  few  7 — -We  rather 
adhere  to  the  plan  of  leavibg  large  {HUlara,  and  few  id 
them  ;  we  have  a  pillar  48  yarns  Wide,  and  we  get 
24  yards  of  coal. 

2B6.  If  at  any  fhtnre  time  it  should  lie  fonnd  necee- 
sary  to  work  these  seams,  they  would  be  in  large 
blocks,  and  th^  might  possibly  be  recovered  ?— I  do 
not  think  that  m  this  particular  instance  you  could 
ever  open  those  wcrin  again. 

287.  Then  yon  consider  that  those  Ii^  pillsn 
which  are  not  now  being  woAed  win  be  itrecoveraUy 
lost Yea;  unless  eoal  becomes  tot  valaaUe 
Indeed.         '  .... 

:S88.  In  addition-  to*  tha^-  liie  suiftce'  buOdio^ 
uroidd  have  to  foe  removed  ? — ^Tes,  or  Aey  might  be 
injured. 

269.  Is' any  owner  of  the  surface  at  liberty  to  pot 
his  buildings  where  he  may  think  fit,  without  any 
regard  to  the  valuable  coal  ondemeath  the  property  ? 
—The  law  of  the  land  at  present  gives  the  owner  of 
liie  8ur£M»  the  advantage  m  erecting  a  building  where 
he  likes. 

290.  In  a  nadonal  point  of  view,  Is  that  'equitsble? 
—It  is  very  awkwara  to  the  coal  workers. 

291.  {Mr,  WoocOutuse.^  As  to  subsidence,  referring 
to  this  particular  matenid,  do  you  find  the  sijrfMe 
subside  regularly  ?  I  am  conversant  with  some  parti 
of  the  district,  and  in  some  parts  of  it  there  is  looae 
sand  ;  do  yon  find  that  subside  in  the  same  mtimer 
as  the  other  material  ? — Where  the  coal  is  woiiod 
out  the  whole  surface  subside^  r^ularly. 

■  292.  (CknmuM.)  You  have  not  only  to  . leave  the 
eoal  undenitifitii  the  bnildiags,  but  yoa  hatve  to  lean 
it  for  a  considerable  distance  beyond  the  limit  of  the 
working? — Yea. 

293.  Can  yoiu  say  to  what  extent  the  coal  vo«l^ 
draw,  or  afibct  the  surface  beyond  the  W(»-khig. 
— We  generally  O^iMata  that  these  mines  drswst 
right  angles  to -the  dip  of  the  mine. 
'  294.  At  the  rate  at  which  yrM  -find  this  sobflidenct^ 
ean  Yon  state  what  wonld  to  the  proportion  of  <»» 
whicu  you  ironld  have  to  leave  at  «iy  parHcnlsr 
depth  for  die  snmwrt  of  a  bnilditig  on  Ae  surface 
I  have  taken  it  ftom  yonr  notes,  saA  l  haVe  worked  it 
out  Supposhig  that  there  is  a  buildings  w  ^^^t 
are  a  nnmber  t^buildbigs,  on  a  slatnte  acret^l»"i^ 
will  take  three  acres  of  ooal  at  100  yards  deep 
support  that,  and  if  it  is  6  feet  thick,  and  at  w 
avenge  priee  In  our  district^  wHl  be  about  720t  At 
200  yards  it  will  take  6^  acres^  the  price  of  whi<*'™' 
bd  1^3201.  At  800  yai^  deep  it  will  take  nioe  aere^ 
which  will  foe  2,160/.  At  400  yanis -deep  rt  *ilH«J 
13*  oci^s,  whieh  will  b6  3,«40i.  At  500  yards  it  *w 
tsike  >18^  acres,  whieh  iritt  fee  4,440^  -  ^  '^ 
amount  is  11,880. 
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295.  Then  down  to  a  depth  of  500  yards  and 
upwards  70a  find  that  praotically  the  sarfiuK  does 
subside  ? — Yea, 

296.  {Mr.  Clark,)  Then  the  baildings  stand  on  the 
top  (MF  a  truncated  cone  ? — Test !  ■ 

297.  {Mr.  Woodhowe.)  In  consequence  of  'the 
increased  depth  you  increase  the  base  ? — Yw. 

398.  I>  the  baae  increased  in  both  directionB-or' 
only  in  one  j  the  increase  of  the  base  woald  be  to  the 
rise  ?—Te8^  and  alio  to  the  deep. .     >  \.' 

299.  {Mr.  Clark.)  How  hare  yon  amved:  at  the 
ftct  which  yon  have  just  stated ;  is  it  bycbterrafion  or 
by  calculation?— By  actualobseanntknL  ^nilB,Ib^eTe^ 
wiUidraw.wer  'S^OgwtAB  at  fhifl  trip  j  that  we  have 
proved. 

300.  (.CftairflfW.)  Af  what  depth?— At  530  yards. 
'  ^01.  (itfr.  Clark.)  iSupposing  that  you  have  the 
Very  lai^e  area  of  the  whole  of  Manchester,  you  have 
aq  of  yippee  and  an  enonfipns  pyramid.  If  the 
buildiBgfl.Trwe  dotted  an  over  Sporadically  here  and 
there,  there  would  be'a'much  greater  waste  than  If 
they  were  together  ? — Yes  y  ti^ere  would  not.  be  that 
waste  ail  , over  M»i»cliestef.  .1  am  only  giving  you  one 
acre. 

a02..  {Mr.  Geddet.)  Are  t^ere  oth^  collieries  in 
the  peigblwiirhoo^  which  experience  diat  difficulty 
the  same  as  you  do,  and  t6  tfiie  same  ext^t  ?— Tea, 
in  di^rcnt  parts  of  Lancashire. 

303.  {Chairman.)  I  auppope  that  where  thepro- 
perty  upon  the  surface  fs  not  of  touch  value  Ihe  wiiole 
of  the  Qoal  underneath  is  taken  away  and  the  snrfece 

aflowed  to  subside?— Yes;  for  cottage  property 
that  is  the  best  way  wliere  tibere  are  n6t  too  mtay 

together-  , '    '      '  , ,  ,    I . 

304.  'Could  you  suggest  Any  means  by  which  this 
great  loss  of.  coal  might  be  prevented  where  withbut 
these  .pillars  beine  left  ? — Not  at  alL  I  have  a  case 
<^  a  null  ownra:.  pe  thought  more  of  the  working  of 
a  mill  than  Anything  .which  he  mi^t  get  ftom  the 
rental  of  the  cou. 

305.  (JMr-  CJlarA.)  That  is  to  say,  supposing  the 
mill  owner  to  be  the  owner  of  the  coal  under  hib  mill, 
he  would  not  work  it  ? — Just  so.  ' 

306.  {Chairman.)  In  working  at.  shallow  depths 
I  think  that  the  system  has  been  to  work  out  afxHit 
one  htJfj  vaA  ta  leave  the  pillars  numerous  and  Email, 
taking  out  from  4  to  8..  yards,, and  leaving  pillars  that 
width  ?— Yes. 

3P7..  But .  deeper  you  have  ,wider  works  and  leave 
pillars  48  yards  ? — Yesu 

308,.  {Mr.  Geddes.)  Do  you  know  of  any  cases  in 
your  neighbourhood  where  the  question  of  deferring 
niiI4iiig  ^pon  tibe  surface  has  been  wnsidered  wi^ 
respect  to  Uie  valne  of  the  mines  ? — Certainly.  The 


other  day  an  agent  for  some  building  land  came  ot 
me,  and  on  its  being  explained  to  him  what  amount 
of  coal  he  must  leave,  he  declined  to  lease  the  land, 
preferring  to  have  the  coals  got  first,  and  to  lease  the 
;}IC^.ajf(i(^WBtt8,  :  Wberas  there  are  very  small  pro- 
perties people  Ao  not  think  much  about  it,  bat  it  is 
whfn^  there  are  larger  properties. 
-  '309.  {Chairman.)  In  addition  to  these  large  quan- 
tities of  coal  which  have  to  be  left  for  the  support  of 
ihe  surfii^-  an  ^bere  not  other  considerable  quiuitities 
which 'bare  to' be  left  for  keeping  back  water,  or 
■s  some  banisr  bet:ff«en  tiie  praj^erdes  ?— Yes. 

3ia  What  width  may  a  barrier  be  altogether  ?— 
In  one  instance  we  have^  the  landlord  stiptuatos  that 
we  ttiust'  leave  100  yai^is  of  coal  up  tb  a  boundary, 
and  on  the  ot&er  side 'we  have  to  leave  30  yards. 

SIl.  130  yar^  of  barrieo'  lifts  to  be  1^  between 
properties  ? — ^Yes. 

312.  {Mr.  Clark.)  That  is  to  keep  out  the  water  ? 
—The  colliery  was  once  drowned  out  by  the  water 
which  came  in  the  Four  Feet  Mine,  which  was  originally 
worked,  and  that  water  got  down  to  the  lower  mines, 
and  the  landlord  of  this  estate  stipulated  that  liiis 
barrier  should  be  left  of  100  yards  wide. 

313.  {Sir  William  Arm$tnmg.)  Is  that  a  uaoal 
case  P^It  is  the  only  case  vhidh  I  know  where  Bneh  a 
large  barrier  was  left. 

814.  What  are  the  usual  dimenfflonsitf  abanrier 
between'  one  yS^txpertj  and  anotJier  ? — In  oar  distriot 
we  seldom  leave  a  hanier ;  it  is  only  in  the  case  of  larae 
pr^ierij  i&BA  it  is  stipnhted  that  a  barrier  ahoold  be 
left. 

3151  Is  it  a  oommon  case  that  such  a  barrier  as 
that  should  be  left  'between  adjoining  estates  I  do 
not  know  another  such  case  in  Lancaahirei  In  this 
colliery,  at  a  depth  of  150  yards  there  is  au  old 
working  with  water  to  tiie  amount  of  3,000  gallons  a 
minute,  and  if  it  broke  away  it  wojold  drown  out  the 
lower  portion. 

816.  {Mr,  Gedde$.)  Are  the  seams  <^  coal  ^und- 
iug  in  fissures  where  th^  pass  water? — If  they  did  not 
pass  water  they  vrould  get  overthe  fissure;  they  might 
bold  tiie'  water  &r  a  long  time,  or  it  might  only  etKue 
through  slowly. 

817.  Ii  that  water  an  acomnnlation  from  the  old 
workings,  or  has  it  only  been  brought  in  by  accident  ? 
— It  was  brought  in  by  working  in  the  Four-Foot 
Mine  tb  the  westward  of  tlua  coUicary  fi>r  about  a 
mile. 

318.  Fhmi  a  gravel  bed  ?— Yes. 

319.  {Chairman.)  The  present  workings  are  under- 
neath this  water,  the  shafts  going  down  tlirou^  it 
being  cased 'with  iron  talni^  ?— Yes. 
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C. — 7th  Meetmg,  May  21^,  ^oow. 
Fsesemt:  - 

1.  Hb.  Diceihsom  in  tbe  Chair;  2.  Ur.  WooiKHOUSK;  3.  Hb.  .Gedj>es ;  4.  Snt  Wnxuu 

Abhstbonq. 

1.  The  Secxetazy  reported  that  he  had  written  aa  desired,  and  that  he  had  received  amswerB  &om 
the  two  gentlemen  who  were  present 

2.  That  tbe  evidence  taken  at  last  meeting  had  been  sent  to  Ur.  Knovles  in  maansoript,  bat 

had  not  yet  been  returned  for  printing, 

3.  A  letter  from  Mr.  Clark  was  received    He  cannot  attend 

4.  The  Committee  then  proceeded  to  take  evidence^  wkkh  the  Secretary  was  directed  to  send  to 
the  -witnesses  fisr  oorrection  in  mannsoript,  and  to  forward  to  the  printen  as  usual 

Joseph  Dickinson. 

'    '  ■  I —  '     "  ■   ''-I-        ■  :  '  . . 

■     T  t  a 
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OOMlirrTEE  0.— Thnnday,  2l8t  Xay  1868. 
Fbbsbkt  : 


Tiwm. 
91  liar  1(K8. 


JOSEPH  DICKINSON,  Esq.,  ia  the  chair. 

Hr.  Obddbs. 

Mr.  WOODHODIB. 


Sir  WiLLXAH  Abkbtboito. 
Mr.  DiomnMnr. 


Ml*.  Matthew  Trttraj*,   (Dowlais  Iron  Works, 
Merthyr  Tydvil,)  examined. 

320.  {Ckairman.)  I  believe  that  70a  are  the 
manager  of  the  Dowlus  Colliery  ? — I  am. 

321.  I  beliere  that  yen  have  worked  almost  every 
variety  coal? — We  work  all  the  di^rent  kinds 
found  in  the  norA  crop,  the  bitnminons  veins,  and 
the  steam  coal. 

322.  Have  yon  a  section  of  the  coalfield  ? — ^I  have 
(producing  the  iame).  This  is  a  section  of  oar  coal- 
field, the  north  crop. 

'  323.  The  seams  which  you  work  b^in  at  the 
Brithdir  ? — Yes,  and  end  with  the  Lumpy  bed. 

324.  What  is  -the  total  thickness  of  the  coal 
measuras  in  this  secdon  ? — ^From  the  highest  to  the 
lowest  seam  1,760  feet. 

325.  That  is  to  the  Farewell  Eock,  a  little  below 
the  lumpy  bed  ? — ^Tes. 

336.  What  is  the  secttoA  of  each  seam  which  ia  now 
being  worked  This  is  Ae  actual  section  of  the 
Four  Feet  vein. 

327.  What  are  the  names  of  all  the  seams  which 
Me  now  being-worked,  and  their  thicknesses  ? — Tba 
Brithdir  vein  is  the  first  one  ;  that  is  3  feet  6  inches. 
The  next  which  we  are  working  at  present  is  the  Four 
Feet ;  it  averages  from  2  feet  4  inches  to  3  feet  2 
ipches.  The  next  is  the  Big  vein,  which  is  3  ftet  6 
inches. 

328.  That  was  much  thicker,  I  think,  ou  the  crop, 
but  it  has  thinned  down  00  the  deep  ? — The  lower 
portion  has  all  gone  away.  The  next  ia  the  Bed  vein  ; 
that  is  2  feet  8  inches  of  coaI.  The  next  is  the 
Baslea  ;  that  is  4  feet  1 1  inches  of  coal. 

329.  Then  there  is  a  bottom  coal  in  the  Basles,  is 
not  that  worked? — It  is  not  worked  at  present. 
There  are  also  two  little  veins  here  (jtoiniing  to  tht 
«ee<iofB),  which  are  worked  in  coqunction  with  fire- 
clay. This  (potnA'tt^  <mt  the  tame  on  the  $eeiion)  a 
the  next  one  worked  exclusively  for  coal,  the  Little 
vein ;  this  is  wOTking  at  present  extenrively ;  it  is  in 
two  beds  of  coal,  one  is  2  feet  6  inches,  and  the  other 
is  1  foot  in  thickness.  The  next  is  the  top  coal  of 
the  Lower  Four  Feet ;  that  is  worked  2  feet  6  inches  of 
coal ;  and  then  comes  the  Lower  Four  Feet ;  there  are 
two  beds  there,  one  being  4  feet  and  the  other  1  foot 
10  inchw.  The  next  is  the  Lumpy  vein,  which  is  15 
inches. 

330.  You  have  passed  over  several  thin  seams ;  how 
many  of  these  are  one  foot  in  thiokneu  which  are  not 
at  present  worked  ? — We  have  altogether  in  the  coal- 
beu^ng  strata  at  Dowlais  37  veins  of  coal  a  foot  and 
more  &ick ;  ont  of  those  37  beds  we  have  only  14 
working.  • 

331.  What  is  the  aggregate  thickness  which  you 
have  at  present  in  work  ? — ^The  thickness  of  the  veins 
laltogethw  which  we  have  is  72  feet  11  inches  of 
coal. 

.  332.  How  much  of  that  is  being  worked  ? — Thirty 
&»t  is  being  worked  at  present. 

338.  And  the  remainder  is  in  seams  which  are 
considered  to  be  at  present  too  thin  to  be  worked  to 
a  profit  ? — Not  altogether,  there  is  some  which  we 
have  been  working,  bat  which  vre  have  not  worked 
for  some  years. 

334.  What  is  the  thinnest  seam  which  yon  do 
work  ? — ^The  thinnest  seam  is  tbe  Lompy  vein  of  16 
indies. 


335.  Ia  that  worked  for  coal  alone  ? — No^  it  is 
worked  in  conjunction  with  ironstone. 

336.  {Sir  William  Armstrong.)  What  is  the  thin- 
nest seam  which  you  are  working  for  coal  alone  ?— 
The  Four  Feet  vein. 

337.  {Chairman.)  How  thick  is  that?— It  is  as 
thin  as  2  feet  4  indlel^  and  goes  up  to  3  ftet  2  inches 
in  thickness. 

338.  I  believe  that  that  is  one  of  the  celebrated 
Mwthyr  steam  coals  7 — It  is  Uie  cdebrated  vein  of 
coal. 

339.  {Mr.  Geddes.)  It  is  much  thinner  now  than 
it  used  to  be,  is  it  not? — Yes,  it  is  running  out 
thinner  to  the  south. 

340.  {Mr.  Woodhouse.)  In  what  respect  is  it  a 
celebrated  steam  coal? — ^It  has  great  evaporating 
power. 

341.  {Chairman.)  And  it  is  smokeless  ? — ^Yes. 

342.  And  it  is  also  a  heavy  coal  ? — Yes,  and  there 
is  very  little  ash  remaining. 

343.  {Mr,  WaodhotaeS)  Yon  say  that  it  is  nmmng 
ont  at  the  south  ?— Yes,  in  my  immediate  neighbour- 
hood. 

844.  Havn  yon  any  reason  to  suppose  that  it  is 
likely  to  bectmie  unworkable? — ^No;  I  know  cases 
where  it  is  6  and  6  feet  thick,  but  in  my  immediate 
neighbonrhood  it  is  not  so  ihieV  as  that. 

345.  {Mr^  Geddes.)  Is  there  any  fanlt  between 
that  and  the  thicker  portion  ? — ^Yes. 

346.  Are  there  large  faults  F — Tes,  there  is  several 
large  faults  to  the  west  of  Dowlais,  which  idter  the 
coals. 

347.  {Chairman.)  You  work  both  the  steam  coals 
and  the  bituminous  coals  ? — Yes. 

348.  In  large  quantities  ?— Yes. 

349.  How  much  do  you  work  ? — We  average 
throughout  the  year  abont  2,600  tons  a  day. 

350.  Have  you  any  plan  to  show  the  system  npoo 
which  you  work  the  seams? — I  have  brou^tsome 
plans.    This  is  a  plan  {producing  the  same,  No.  2) 

Na  S. 

Flu  ihowinc  tlw  Stszbm  of  Wouaift  bj 
FuAAB  and  Stall. 

Seals  8  chains  to  an  iadL 


illoBtrating  the  mode  in  which  we  work  the  Brithdir 
vein  by  pUlar  and  atidl. 
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351.  What  other  syniaoB  have  yoa  beeides  the    sTBtem  of  working  by  long  wall  the  Four  Feet  vein ;  all      G  13 
pillar  and  stall  ?— No.  8  pUm  will  iUtutrate  the    the  coal  is  taken  away.  The  next  plan,  No.  4,  shows  Mr.  MatAam 


No.  S. 

Flah  iboiriDg  flie  Stbtbx  of  Wounre  die  Fora  Fnr  Van  \j  Lovo  Waix. 
Scab  8  chaiM  to  sn  ineh. 


Tnram. 
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Flak  ihoving  the  Ststkh  of  Woaxmo  the  Bio  Ysni  by  Loko  Walu 
Scale  6  chatDi  to  an  inch. 
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TraiTsnrvow 

ToaKn. 


No.iPn. 
No.  2  Fit. 


the  system  of  working  the  Big  Yein,  tiiai  is  1)y  a 
combination  of  the  long-waU  system  and  the  system 
of  pillar  and  stall. 

352.  In  working  the  Four  Feet  yon  take  out  tho 
lerel  pillars  ? — We  take  out  ererythiog  as  we  go  on. 

353.  Bat  in  working  the  Big  rein  you  leave  pillars  ? 
— ^Tes  ;  until  we  get  to  the  extreme  end,  and  those 
pillars  will  be  afterwards  extracted. 

354.  And  in  the  long  wall  you  get  the  pillars  as 
you  go  on  ? — ^Yes, 

355.  Have  you  uiy  other  plan  ? — This  is  a  plan 
of  the  Basics  seam  {producing  the  tame)  No.  5.  I 
believe  that  that  was  the  first  attempt  in  this  neigh- 
bourhood  to  work  the  long  wall  in  this  vein. 

356.  You  hare  jnst  commenced  to  yrock  the  Basics 
seam  upon  the  long-wall  s^tem  ?— We  have  been 

T 


wortcing  about  18  months  upon  the  long-wall  system. 
We  have  also  some  balls  of  ironstone  in  the  roof. 
This  is  another  section  ( producing  the  same)  to  show 
the  three  lowest  veins  which  we  are  at  present 
working,  which  are  worked  by  long  wall ;  the  coal  is 
all  taken  oat  as  we  go  on. 

357.  Then  you  work  tiie  bottom  vein,  the  middle 
vein,  and  the  top  vein  by  long  wall,  leaving  nothing  ? 
— Tes  ;  no  pillars. 

358.  (Mr.  Geddet.)  How  long  have  you  been 
working  upon  the  long  wall  system  at  Dowlaia  ? — ^We 
have  been  working  upon  that  s^tem  in  some  placea 
for  14  years. 

*  359.  Yon  have  not  been  so  working  for  that  period 
at  all  these  seams  ? — ^No,  but  we  commenced  about 
14  years  ago. 
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360..  (CAotrman.)  Up  to  that  time  the  general 
system  throughout  South  Wales  was  die  pilkr  and 
stall  system,  was  it  not  Tee,  and  it  is  now  carried 
out  extensivelT  in  many  oS  the  coUieries  in  South 
Wales. 

361.  HaviDg  tried  both  systems  in  a  very  large 
colliery,  which  do  you  prefer"? — The  long  wall. 

362.  (Sir  William  Armstrong.)  Why?— It  gives 
a  greater  yield  of  coal  per  acre. 

363.  By  the  pillar  and  stall  system  you  leave  a 
proportion  behind  ? — Yes,  a  very  great  proportion. 

364.  (Mr.  Geddes.)  la  it  cheaper  per  ton  to  work 
by  the  long-wall  system  ? — It  is  not  altogether 
cheaper       ton,  but  we  get  a  larger  quantity  of  coal 
dit  per  acre,  which  tells  npon  the  great  outlay  which ' 
has  been  made  ia  sinking  diafts,  and  so  on. 

365.  It  is  cheaper  in  that  light  ?— Yes. 

366.  (Chairman.)  Under  the  old  piUar  and  stall 
system,  what  proportion  of  coal  per  foot  thick  per 
statute  acre  was  obtained  out  of  the  thick  seams  ? — 
By  the  old  system  of  working  by  pillar  and  stall  we 
only  got  866  tons  per  foot  thick  per  statute  acre,  and 
under  the  long-wall  system  we  now  get  1,190  tons 
per  foot  thick  per  statute  acre,  which  gives  a  cleai- 
saving  of  324  tons. 

367.  It  gives  upwards  of  30  per  cent,  more  ? — 
Yes. 

368.  (Sir  William  Armstrong.)  Wherever  the 
pillar  and  stall  plan  is  adhered  to  at  the  present  day, 
about  one  third  of  the  coal  is  actually  wasted,  is  it 
not  ? — HoT6  tlum  that. 

369.  (Mr.  GeeUies.)  Do  yon  know  of  any  system 
where  in  working  the  pillars  they  so  arrange  as  to 
bring  back  fliose  pillars  very  much  ?— There  is  no 
^stem  in  the  steam  coal  cotlfieries  where  they  can 
bring  them  all  back  ;  but  in  some  of  the  colUeries 
which  are  not  very  deep,  and  which  are  situated  very 
near  the  crop,  they  are  enabled  to  bring  them  back 
better  than  in  the  deep  collieries. 

370.  (Mr.  FFoodhouse.)  You  are,  of  course,  speaking 
entirely  of  South  Wales  ? — Yes. 

371-  (Sir  WilUam  Armstrong.)  To  what  extent  is 
the  pillar  and  stall  system  now  adhered  to  in  Wal^  ? 
— ^It  is  adhered  to  in  Wales  very  greaUy. 

372.  Do  yon  suppose  that  it  is.  so  to  the  extent  of 
one  half  of  the  collieries  ?-*Yes,  more,  I  thinkl 

373.  Involving  a  waste  upon  all  that  laige  quan- 
tity of  coal  of  more  than  one  third  ? — Yes. 

374.  Why  ia  that  system  adhered  to  if  the  other 
system  is  advantageous  ? — I  believe  that  the  men 
have  a  prejudice  against  altering  the  system,  .^nd 
against  introducing  a^  new  system.  .  . 

375.  (Chairman.)  1  believe  that  at  Dowlais  you 
began  gradually  to  change  the  system? — ^Yes;  we 
had  a  great  deal  of  trouble  to  change  the  system 
there. 

376.  And  now  you  are  getting  over  the  difficulties, 
and  are  getting  the  long-wall  system  introduced?— 


Yes ;  we  have  exactly  the  same  difficulty  now  in 
getting  Uie  pillar  and  stall  system  worked. 

377.  The  men  give  the  preference  to  the  long-wall 

system  ? — Yes. 

378.  Has  your  cutting  pnoe  per  ton  gone  up  in 
consequence  of  changing  the  system  ? — It  has  not. 

379.  (Sir  William  Armstrong.)  When  you  speak 
of  prejudice,  do  yon  mean  pr^udice  on  the  part  of  the 
miners  ? — Principally  on  the  part  of  the  miners,  and 
I  believe  that  it  has  been  on  the  part  of  the  pro- 
prietors as  well  in  some  instances. 

380.  (Chairman.)  I  believe  that  the  South  Wales 
coal  is  of  a  kind  which  bears  ,  pressure  very  badly  ; 
the  jnllars  become  crushed  ? — ^It  bears  it  vwy  badly. 
In  many  cases  in  taking  out  pillars  th^  lose  more 
than  60  per  cent,  of  the  pillatt  by  being  crushed  into 
small  coal. 

881.  (Mr.  Geddet.)  The  coal  is  very  brittle? — 
Yes,  and  it  will  not  bear  the  pressure  of  Ae  roof. 

382.  (Sir  William  Armstrong.)  In  working  on  the 
long-wall  system  do  you  leave  any  small  at  all  in  the 
mine  ? — Yes,  some. 

383.  What  proportion  ?— At  the  ironworks  col- 
liery we  leave  about  10  per  cent,  of  the  small  behind, 
it  is  a  great  deal  more  at  the  steam  coal  collieries. 

384.  It  is  a  great  deal  more  than  10  per  cent. 
Where  the  long-^rall  system  is  followed  ? — Yes. 

386.  Then  the  long-wall  system  involves  a  loss 
as  well  as  the  other  ? — ^Yes. 

386.  The  pillar  and  stall  system  involved  a  waste 
of  more  than  one  third,  and  the  loo^wdl  system 
involves  a  waste  of  sranething  like  10  pfx  cent  ^-^ 
Yes. 

387.  {Chairman.)  That  is  in  small  coal  ? — Yea. 
I  calculate  that  in  working  by  long  wall  we  leave 

10  per  cent,  behind  in  the  manner  that  we  bring  the 
coal  out.  In  the  steam  collieries  they  leave  more 
behind,  they  leave  at  least  15  per  cent,  bebind. 

388.  (Sir  William  Armstrong.)  By  the  pillar  and 
stall  system  in  the  steam  collieries,  what  would  be 
left  behind  ?— At  least  25  per  cent,  that  is,  of  actual 
coal  worked  that  does  not  include  the  pillar,  which 
is  for  ever  lost.  In  the  steam  collieries  40  per  cent, 
is  lost  by  the  pillar  and  stall  system. 

3^.  Aiut  15  per  cent,  is  lost  by  .  the  long-wall 
system  ? — ^Yee. 

390.  Making  a  difference  of  25  per  cent,  between 
the  two  ? — ^Exactly  so. 

391.  (Mr.  Woodhmue.)  Of  the  two  descriptions  <tf 
system,  do  you  for  a  given  nimiber  .of  tons  get  more 
large  coal  out  of  the  long-wall  system  than  out  of  the 
piUar  .and. stall  system? — We  get  more..out  of  the 
long-wall  system  than  out  of  the  pillar  and  stall 
^stem. 

392.  How  do  prou .  account  for  that  ?  Has  the 
pressure  no  effect  m  working  the  seam  upon  the  long- 
w^  system  ? — It  has  not  so  much  efiect  in  worki^ 
by  long  wall  as  by  pillar  and  staUL 
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S98.  Havb  you  more  presflnfe  by  the  pillar  and 
Btall  system  than  by  the  long-WAll  syatein  P — Yea,  if 
•m  hare  a  htrger  face  of  working  on  the  long-wall 
system  it  helps  the  coal  to  come  oat  in  larger  blocks. 

894.  (Mr.  Gedde$.)  Ton  have  a  larger  Jace  to  get 
the  same '  qaantily  of  output  ? — ^No,  bnt  we  have  a 
large,  open  face,  and  it  is  all  in  a  straight  line,  and 
tike  fveesare  oomes  mOte  evenly  upon  that  face,  and 
the  oo&l  is  formed  in  such  a  manner  that  the  proumre 
diMharges  the  vhole  portiAn  of  coal  from  one  end  to 
die  other  in  one  large  piece.  Bat  upon  the  pillar  imd 
stall 'syitem,  in  each  piUw,  instead  of  deliTering  awar 
the  whole  of  the  coal,  it  would  only  detiTer  a  smaU 
pOTtion.  At  each  of  these  oomere  (peirUing  to  the 
aedion)  the  pressure  would  be  broken,  and  only  a 
small  portion  of  coal  would  be  discharged  out  of  the 
face  of  the  coal. 

Bd6.  {Mr.  Woodhoute.)  How  long  will  this  stall 
stand  {poirOing  out  the  game)  befoire  the  roof  falls  ? — 
It  will  stand  until  we  take  uke  out  the  pilhir. 

896.  Then  what  pressure  is  there  npon  the  face  of 
this  workings  where  you  are  getting  the  coal  ?  what 
jOTBPwe  of -the  roof  is  there  during  the  op<u«lionB  of 
working  that  stall  out?— It  has  stood  by  the  aifd"<(ir 
wooden  props  to  keep  up  the  roof. 

897.  If  it  stands  until  the  pillars  are  worked  out, 
there  can  be  no  heavy  pressure  upon  the  fkce  of  the 
fltidl  when  in  work,  can  there  ?  Do  you  understand 
my  question  ? — I  do  not  exactly  understand  it  in  the 
way  in  which  you  put  it.  There  is  a  certain  amount 
of  pressure  bearing  upon  all  those  atalla  as  they  are 
gmng  on,  and  that  is  the  reason  why  we  are  obliged 
to  put  in  wooden  props  to  support  the  roof? — ^Tou 
pat  in  tiiese  props  to  support  the  roof;  what  is  the 
thickness  of  the  lift  above  supported  by  those  props  ? 
—In  this  instance  we  have  100  yards  of  rovk.  This 
is  an  extraordinary  vdn,  and  we  make  use  of  all  the 
email  coal  in  this  vein. 

398.  I  am  not  speaking  particularly  of  this  vdn, 
bat  of  the  ayatem.  SumKiaing  this  to  be  an  ordinary 
▼ein  without  a  rock  roo^  but  with  a  shale  roof^  is  it 
not  the  case  that  there  may  be  little  or  no  preasnte 
npon  the  wt  excavated  in  the  first  instance,  taUng 
a  stall?— Thu  is  a  plan  (producing  the  tame)  show- 
ing a  vein  which  is  extensively  worked  in  that 
district  <rf  South  Wales,  with  this  roof,  vrtiich  has 
only  2  feet  7  inches  of  mine  shale  over  it.  This  is  a 
roof  worked  by  pillar  and  stall.  This  was  commenced 
here  (pointing  to  the  plan),  so  as  to  leave  supports  to 
keep  UD  the  road  belonging  to  the  pit.  That  is  in  a 
Tein  fl^nt  45  yards  above.  The  road  here  being 
about  four  yards  wide,  broke  by  there  being  bo  much 
pressure  upon  it,  and  about  15  yards  of  ground  came 
down  above  the  coal,  but  as  soon  as  we  took  away  the 
frhote  of  the  coal  here  (poktting  to  the  diagram)  we 
Gonld  ^ve  800  yards  open  &ce  wldumt  its  breaking 
down. 

899.  How  ftr  does  your  goaf  stand  ?— About  five 
or  six  feet  behind  the  props,  and  on  each  side  of  the 
roads  we  widl  tiie  gobs  up,  and  the  middle  falls 
behind. 

400.  Why  should  there  be  more  round  coal  upon 
the  long-wall  system  out  of  a  given  quuidty  cnt  than 
out  of  the  stall  system.  If  there  be  more  pressure  in 
the  pillar  and  stall  working  than  ordinary,  you  ought 
to  have  a  greater  yield  of  round  coal  out  of  the  stall 
system  than  out  of  the  long-wall  ^stem  ? — I  will 
explain  it  in  another  way.  Each  of  these  working 
places  (poitttit^  to  the  £agrom)  will  represent  a  stall 
which  will  be  from  six  to  eight  yards  wide.  If 
worked  by  pillar  and  stall,  each  man  mnst  cut  each 
ride  of  the  road,  and  all  that  he  cuts  in  order  to  get 
the  hand  free  would  be  small  coal.  Now,  in  the  long- 
wall  system  there  is  only  one  cut  to  open  the  whole 
ftce  w  the  woikings,  if  it  be  30  or  300  yards  long. 

AQ\.  {Chairman.)  And  each  stall  luu  its' cutting  ? 
—Yes,  there  is  only  one  cuttiog  on  the  one  system, 
Instead  of  30  or  more  upon  the  other  system. 

402.  In  your  pillar  and  stall  working  do  you  get 
00  percent,  of  small  coal  ? — ^Tes,  in  the  Brithmr  vein. 

40^.  And  £0  per  tent,  is  large  coal  ?— Yes. 

T 


404.  In  your  long-vr^  working  what  is  the  pro-      C  15 
portion  of  lai^e  6oaI  to  the  proportion  of  small  ? —  Matthew 
The  quantity  of  large  coal  got  by  the  long-wall  TVama. 

system  is  about  80  per  cent.,  and  the  quantity  by   

pillar  and  stall  is  60  per  cent,  on  the  coal  wwked.  J_^j[ff*' 
This  does  not  include  the  pillars  — 

405.  (Sir  William  Armstrong.)  Then  is  all  the 
small  coal  left  below  P— Not  in  ^e  ironworks  col- 
liery ;  10  per  cent,  is  left,  and  the  rest  is  brought  up 
and  made  nse  of. 

406.  Wl^  do  not  yon  bring  up  the  whole  ? — Up  to 
Ae  prMeilt  toe  it  has  been  mixed  up  with  shal^  so 
that  we  have  been  unable  to  make  use  of  it,  bnt  we 
have  now  erected  lai^  coal-washing  machines  at 
Dowlais,  BO  as  to  enri>le  us  to  make  use  all  the 
small  coal  made  in  working  the  steam  coal  veins. 

407.  (Chairman.)  In  what  are  called  sea  coal 
collieries,  where  they  hare  not  got  the  ironworks  to 
consume  it,  do  they  leave  all  their  small  coal  under 
gropnd  P — Yes,  except  what  is  made  by  screening. 

408.  Is  that  simply  because  Aere  is  no  demand  for 
it  ? — ^Yes.  There  is  about  40  per  cent  in  working 
by  piUar  and  stall ;  it  is  45  per  cent,  in  the  sea  cow 
collieries  ;  they  only  bring  oot  5  per  cent  by  screen- 
ii^,  and  we  bring  out  10  per  cent,  by  screening. 

409.  (Sir  WiUiam  Armstrong.)  Then  In  the  sea 
coal  ooUiOTies  they  only  bring  out  55  per  cent  of  the 
eoaJ,  and  the  rest  is  abandoned  ? — ^Yes,  by  wwking 
on  the  pillar  and  stsll  systraa  tiiey  only  get  about  M 
per  cent,  of  laige  coal. 

410.  Do  yon  mean  by  the  sea  coal  collieries  all 
those  which  send  their  coal  to  sea? — ^All  those  which 
send  their  coal  away. 

411.  All  those  which  do  not  use  their  coal  npon 
the  spot  ? — ^Yea. 

412.  Is  that  whether  it  ia  steam  coai  or  household 
coal,  or  does  your  observation  a^ly  only  to  steam 
coal  ? — Only  to  steam  coal. 

413.  Perhaps  it  is  all  steam  coaiP — It  is  princi- 
pally steam  oral  in  the  district  of  Merthyr  Tydfil. 

414.  That  is  in  the  district  of  which  yon  speak  7 — 
Yea. 

415.  (Mr.  Geddeg.)  Do  your  leases  require  you  to 
work  in  any  specific  way  ? — ^No,  we  work  the  coal  in 
any  way  which  we  think  proper ;  there  is  nothing 
specified  in  the  leases. 

416.  Is  that  so  generaUy  in  your  district  ? — Yes  ; 
I  believe  that  there  is  not  a  single  lease  where  power 
is  not  given  to  the  Leasee  to  work  as  fae  likes. 

417.  (Chairman.)  Are  your  seams  worked  in  a 
descending  order,  or  are  those  worked  first  which  are 
most  profitable  ? — They  are  worked  to  suit  ourselves 
more  than  anything  else  ;  not  in  a  descending  order 
at  all.  We  are  working  the  whole  of  the  steam  coal 
veins,  that  are  about  two  feet  thick  at  the  present 
time,  and  we  work  tikem  to  our  bort  adTantage. 

418.  .Where  you  work  upon  the  long-wall  system 
the  other  seams  will  probably  not  be  so  much  injored 
as  where  the  coal  is  woiked  upon  the  pillar  and  stall 
system,  and  the  ibof  Alls  unequally  ? — ^Exactly  so ; 
the  roof  is  more  injnred  upon  the  pillar  and  stafl 
system.  i 

419.  In  addition  to  the  loss  which  yon  have  spoken 
of  by  pillar  and  stall  woi^ng,  there  will  be  a  much 
greatm-  loss  occasioned  by  the  pillar  and  stall  working 
fay  the  roof  falling,  and  the  unequal  subsidence  of  the 
ground,  dam^ii^  those  tbinao:  seams  which  are  not 
now  being  worked  ? — It  is  so. 

420.  You  say  that  there  are  only  30  feet  out  of  the 
•  72  feet  1 1  inches  now  being  worked  ? — Yes,  that  is 

all  that  we  are  at  present  working. 

421.  What  portion  of  the  remainder  do  you  expect 
ever  to  be  able  to  work  ? — I  should  think  about  one 
half. 

422.  (Sir  WUliam  Armttrong.)  If  the  seams  are 
worked  indiscriminately  vrithont  reference  to  the 
order  in  which  the;y  occur,  win  the  neighbouring 
seams  be  liable  to  be  injured  ? — They  are  iiyured. 

423.  And  a  lai^e  sacrifice  of  coal  will  be  eventu- 
ally occasioned  ?— Yes. 

424.  (Cha^rmai.)  Besides  fhis  loss,  is  therd  any 

t  4 
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C  r6  oocaaioned  by  having  to  leave  pillars  of  coal  for 

iff.  MatAtv   ^0  sappint  of  the  sorfkce  ? — We  have  ncme  in  that 
Thmm.      district;  very  little  is  leiit  for  the  support  of  Uie 

  Bnrfiu»  in  any  reapect 

81  M>y  1868.      425.  Your  mineral  invpfflrties  lie  outside  the 
towns  ? — Yes. 

426.  {Mr.  Geddes.)  Under  the  mountains  ? — Yes ; 
the  whole  of  our  mineral  properties  lie  outside 
Dowlais. 

427.  {Sir  William  Armstrong.)  Then  the  detri- 
ment to  the  adjoining  beds  is  very  much  less  upon 
the  long-wall  system  than  upon  tho  pillar  and  stall 
system  ? — Very  much  less. 

428.  {Mr.  Gedda.")  I  gather  from  you  that  the 
power  of  working  seams  very  near  to  each  other 
depends  upon  local  considerations,  and  that  it  is  not  a 
general  rule  ? — Just  so. 

429.  (Sir  fVilUam  Armstrong.)  You  say  that  the 
thickness  of  the  coal  which  you  are  now  woiiing  is 
80  feet  ont  of  72  ibet,  and  that  ultimately  you  expect 

*  to  get  one  half  of  the  remaining  42  feet  ? — Yes. 

480.  Could  that  half  be  worked  as  profitably  at 
present  as  the  other  portion,  or  would  it  be  more  ex- 
pensive to  get  it  ? — can  hardly  give  an  answer  to 
that  question. 

431.  Ai  to  the  quality,  would  it  be  equal  to  the 
quality  of  the  coal  which  you  are  now  working  ? — 
The  quality  is  very  similar  to  Uie  quality  <^  what  we 
are  at  present  wwking. 

482.  Would  not  the  thiclmess  oS  these  remaining 
seams  occasion  an  increase  of  expense  in  getting  them? 
—They  would  be  more  expensive  to  get ;  but  when 
we  get  further  south  with  our  present  working  veins 
all  the  veins  which  are  not  now  working  will  be 
wOTked  as  cheaply  as  we  shall  then  be  able  to  work 
our  {ffesent  working  veins. 

433.  Is  that  because  they  get  thicker  ? — Our  present 
veins  get  more  expensive  to  work  by  going  south,  and 
more  outlay  in  sinkiog  is  required. 

434.  That  applies  to  your  present  veins  ? — ^Yes. 

435.  And  therefore  a  good  deal  of  the  expense  of 
working  the  othcw  will  be  realised  by  the  advance  in 
the  price  of  the  veins  that  you  are  now  working? — 
We  shall  then  be  able  to  work  what  we  are  not  now 
working  at  an  equal  cost. 

436.  At  the  present  time  it  is  more  expensive  to 
work  the  other  beds  ? — Yes. 

437.  And  eventually,  when  you  do  work  them,  the 
coal  will  only  he  obtained  at  a  higher  price  than  that 
at  which  you  now  get  coal  ? — ^Exactly  so. 

438.  Machinery  may  come  into  itso  to  assist  manual 
labour  ? — ^Yes  ;  I  have  no  doubt  bat  that  machinery 
will  assist  greatly  in  working  tho  thin  veins  and 
cheapen  the  cost. 

439.  {Chairman.)  Do  you  know  of  any  case  in 
which  only  a  portion  of  the  seam  is  drawn  to  the  sur- 
face, the  remainder  being  \e(t  behind,  as  being  incapa- 
ble of  being  worked  to  a  profit  ? — I  know  of  no  case, 
except  where  they  are  working  upon  the  pillar  and 
stall  system ;  and  there  undoubtedly  a  great  portion  is 
left  behind. 

440.  You  do  not  know  of  any  case  upon  the  long- 
wall  system  ? — No. 

441.  Will  this  coal  which  is  left  behind  be  recover- 
able hereafter  without  an  excessive  increase  of  cost  ? 
—It  will  never  be  recoverable,  it  will  not  be  worth 
working — that  is  to  say,  what  is  left  in  the  shape  of 
pillars. 

442.  (Mr.  Geddes.)  Yon  think  that  there  is  no  like- 
lihood 01  those  piUars  being  worked  at  all  ? — ^No ;  it 
will  be  merdy  small  coal,  and  it  is  now  nearly  value- 
less. 

443.  If  those  collieries  which  are  now  working  upon 
the  pillar  and  stall  system  altered  their  system  by 
making 'their  pillars  very  much  larger,  would  it,  in 

*  7°*^  opinion,  enable  them  to  g;et  back  those  pillars  ? 

—No,  they  will  never  get  the  coal  out  as  they  do  by 
working  it  by  long  wall  at  once. 

444.  {Chairman.)  Are  any  of  the  edlieries  worked 
upon  the  qrstem  or  driving  out  to  the  extremities, 


and  then  drawing  the  coal  Inck  ?— I  do  not  kstnr  of 
one  in  the  neighbourhood. 

445.  With  &e  nature  of  coal  with  which  you  hare 
to  deal,  would  not  that  system  be  very  desirable  ?— I 
believe  that  it  would  in  some  cases.  I  bdieve  th&t 
there  would  be  a  very  great  saving  if  they  drove  to 
the  extreme  limit. 

446.  But  your  openings  are  not  sufficiently  in 
advance  to  enable  you  to  do  so  at  present  ? — No ;  and 
in  some  veins  it  would  be  almost  impossible  to  do  so. 

447.  Do  your  mines  produce  fire-damp  Yes, 
largely ;  the  whole  of  the  steam  coal  collieries  in  the 
district  produce  it. 

448.  Up  to  what  thickness  to  you  work  tiie  sesnu 
by  the  long-wall  system  ? — We  are  working  to  Berai 
feet,  including  the  shale  and  coaL 

449.  I  believe  that  where  you  have  a  good  roc^ 
such  as  is  in  the  Upper  Four  Feet»  the  ii4u)le  of  the  eod 
has  been  successfully  got  out  under  the  pillar  sod 
stall  system  ? — It  has  never  been  got  ont  altogethn 
under  the  pillar  and  stall  syatenu 

4^  But  there  has  b^  no  great  loss  ?— Not  m 
much  under  a  good  rock  roof  as  under  the  iuferiff 
roofk. 

451.  AVhere  you  have  a  soft  shale  roof  the  loss  u 
great? — Veiy  great ;  in  the  soft  shale  roofs  the  l<ng> 
wall  system  shows  better  thai\  under  a  rock  roof. 

452.  {Sir  William  Armstrong.)  Are  you  aware  rf 
any  relation  -between  the, production  of  gas  and  tbe 
su()erincurabent  pressure  upon  the  seam  ?«Do  ;ot 
think  that  moro  gas  is  evolved  at  great  depths  where 
the  pressure  upon  the  coal  is  great,  than  where  tlie 
depth  is  small,  in  consequence  of  the  pressure  beii^ 
lighter  ? — Yesj  a  greatei-  quantify  of  gas  is  given  ont 
in  the  deep  collieries  thau  in  the  shallow  collieries. 

453.  In  consequence  of  the  greater  weight  upon 
the  coal  ? — Yes  ;  the  gas  is  unable  to  escape. 

464.  The  deeper  you  go  the  more  trouble  yon 
would  apprehend  from  gss  ? — Yes  ;  that  is '  what  we 
find  at  several  veins.  In  the  steam  crop  We  bsd 
never  seen  any  gas ;  but  as  we  got  deeper  under  cover, 
the  greater  the  pressure  the  moiti  was  the  gas  which 
was  given  out. 

455.  {Mr.  Geddes.)  Is  not  that  circumstance 
owing  to  tbe  fact  that  in  tbe  shallow  collieries  there 
are  many  openings,  whereas  in  the  deep  collieries  it 
is  so  expensive  that  you  cannot  affoi^  to  have  u 
many  openings.  The  gas  is  in  the  coal  the  same  ui 
the  deep  as  in  the  crop,  but  you  ere  enabled,  from  the 
cheaper  sinkings,  to  have  so  many  openings  idong  tbe 
crop  that  in  no  one  shaft  is  the  gas  perceptible  in 
quantity  ? — Yes  ;  we  never  meet  with  those  exten- 
sive blowers  of  gas  in  the  crop  workings  as  are  met 
with  in  tiie  deep  workings. 

456.  {Sir  William  Armstrong.)  In  fact,  there  is  a 
greater  exudation  of  gas  from  the  deep  seams  tha£ 
from  the  shallow  seams  ? — Yes ;  we  have  a  continual 
outpouring  of  gas  from  the  seamsj  but  in  the  deep 
collieries  we  come  across  those  large  blowers  of  gw 
which  pour  out  the  gas  to  an  enormous  extent ;  we 
are  obliged  to  have  a  great  over-press  of  venttlation 
to  be  ready  to  meet  those  cases. 

457.  Would  you  consider  that  likely  to  prove  • 
serious  difficulty  in  working  the  seams  at  a  much 
greater  depth  ? — No. 

458.  You  think  that  it  would  be  ovemnne  by 
ventilation  ? — ^Yes. 

459.  What  is  the  greatest  depth  of  your  pits  ?— 
440 yards ;  we  are  working  500  yards  from  the  surface. 

460.  Supposing  that  depth  to  be  doubled,  jon 
would  apprehend  a  great  increase  of  gas  ? — Yes. 

461.  But  not  a  greater  increase  than  you  could 
overcome  by  ventilation  ? — No  ;  the  up-cast  shaft 
would  have  such  a  column  of  heated  air  that  s 
greater  column  of  air  would  be  passing  through  the 
collieries.  It  is  much  easier  to  ventilate  the  deep 
collieries  than  to  ventilate  the  shallow  ones. 

462.  {Chairman.)  As  respects  ^e  coal  which  you 
lose  in  working,  an  addition  would  have  to  be  niade 
for  the  proportion  used  for  colliery  purpoees  ?— Yes. 

468.  What  proportion  of.  the  coal  got  is  nsed  for 
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coUiety  pnrpoMa?— A  little  oror  8'  per  otuU  of 
large,  and  about  2  per  oent.  of  BoiaU. 

464.  About  4  per  cent,  altogether  ? — ^Tes. 

465.  {Mr.  Geddea.)  Is  that  for  engine  pnrpofles? 
—Yea. 

466.  How  much  is  the  miners'  coal  also  ? — In  <our 
distriet  the  coal  is  sold  to  them. 

467.  Ib  that  tisaal  in  your  district  ? — It  is  general 

468.  {Chairman.)  Is  there  anything  else  which 
yon  would  like  to  mention  upon  tiie  system  of  work- 
ing?— ^I  hare  (mly  to  say  reepeoting  it,  that  we 
hare  been  working  at  Dowlaie  upon  the  long-wall 
system  for  a  great  many  years,  and  that  we  find  that 
the  coal,  hj  working  upon  tiie  long-wall  eystem,  is  in 
a  much  better  state  for  market  t^a  we  could  ever 
get  &e  eoal  before  when  working  "by  the  pillar  uut 
stall  system ;  and  at  the  present  time,  en  every  Mon- 
day«  our  coal  from  the  long-wall  process  is- not  nearly 
so  good  in  the  way  of  getting  lamp  coat  as  <m  the 
other  days  of  the  week. 

469.  Doee  that  arise  frcon  the  preasnre  of  the 


mfmaaeamhtBli  Btratom  upon  tiie  Snadi^^F^TeB; 
there  has  been  so  much  presaure  npcm  it  on  the  idle 
day  that  we  always  get  more  sniaU  coal  out  on  the 
Monday  than  on  any  other  day  of  the  we^. 

470.  And  I  suppose  that  you  get  just  sufficient 
pressure  upon  the  face  without  using  powder  ?--YeA. 

471.  {Mr.  Geddet.)  Then  yon  succeed  upon  the 
lon^wall  system  withoat  usin^  powder  ? — Yes. 

472.  Have  you  formed  any  opinion  as  to  the 
greatest  depth  to  which  you  may  expect  to  sink, 
taking  the  stretch  from  Dowlaia  to  Conidully  ?.--I 
have  not. 

473.  {Sir  William  Armttrong.)  Is  there  any 
peculiarity  in  your  coal  which  renders  the  Ibng-waU 
syetem  more  adTantageons  than  elaewhere  ? — It  ia 
very  ikvonrable  far  working  on  the  Iraig-wall  Bystem; 
H  is  Ae  sane  in  Uie  distariet  altogetliw. 

474.  Are  yon  speaking  of  South  Wales  generally  ? 
—Yes,  and  die  UOTthem  crop ;  the  sontJ]^*n  crop  is 
not  of  the  same  character  of  cotX. 


C17 

Mr.MatOuw 
ai  May  1868. 


The  witoeas  withdrew. 


Thohas  Etaiw,  Esq.  (of  Belper,  D^byshire),  one  of  H.M.  Inspectors  of  Mines. 


47fi.  {Chairman.)  Yon  are  one  of  Her  Mqesfy'a 
Inspectors  of  Coal  Mines? — ^I  am. 

476.  South  Wales  for  many  years  formed  your 
district  ? — ^Yes,  for  eight  or  nine  years. 

477.  And  I  believe  that,  independently  of  that,  you 
have  a  practical  knowledge  of  the  working  of  the 
eoal  ?— -YeB,  in  South  Wales. 

478.  And  in  Monmondjishire  ? — ^Yea. 

479.  Not  only  as  regards  the  north  crop  spoken  to 
by  Mr.  Traran,  but  throughout  tJie  whole  of  South 
Wales  generally  ?— Yes. 

480.  In  South  Wales  I  believe  there  are  all  kinds 
of  coal  met  with  ?•— Tliere  are  several  tarieties  of 
coal  niet  with.  Gtnnmeninng  with  Monmouthshire 
you  have  the  bitnminooB  coal  and  the  steam  coals. 

481.  Along  the  north  crop? — ^Along  the  north 
crop  and  along  the  south  crop  likewise. 

482.  For  how  far? — Extending  from  Pontypool 
on  the  south  crop  to  Llanelly,  in  CaiTaarthenslure, 
through  Glamorganshire. 

483.  Then  there  is  the  anthracite  district? — The 
anthracite  district  commences  at  the  termination  of 
the  steam  coal  (m  the  north  crop,  in  the  Yale  of 
Neath;  and  it  continues  through  Caermarthenshire. 
There  is  then  a  considerable  break,  and  it  comes  in 
again  in  Pembrokeahire  down  to  St.  Bride's  Bay. 

484.  Throughout  this  district  what  is  the  thinness 
of  the  seams  worked  ?— They  vary  very  much.  In 
Pembrt^eshire  the  Eilgetfy  seam  is  only  from  11  to 
13  inches  thick,  uad  in  some  parts  of  Sonth  Wales 
th^  are  as  much  as  1 5  feet  thick. 

485.  {Sir  WUliam  Armstrong.)  Are  there  any 
seams  w<n*ked  so  thin  as  11  indies  ? — Yes  In  Pem- 
brokeshire. 

486.  For  coal  alone  ?— Yes: 

487.  Is  there  any  special  quality  in  the  coal  so 
worked  ? — It  is  anthracite  coal  of  veiy  excellent 
quality,  and  is  used  chiefly  for  malting  purposes  and 
hop  drying,  and  it  extends  over  a  very  limited 
area. 

488.  {Chairman.)  Is  it  worked  in  pits  where  no 
thick  seams  are  worked  ? — Yes,  and  at  considerable 
depths  (about  180  yards  deep),  often  containing  a 
lai^  quantity  of  water. 

489.  {Sir  William  Armstrong.)  Then  it  will,  of 
course,  bring  a  high  price  ? — Yes,  a  very  large  price, 
and  it  is  near  to  the  shipping  port. 

490.  But  yon  would  not  consider  it  available  for 
general  consumption  ? — No :  it  is  used  to  a  very 
email  extent. 

491.  {Mr.  Geddes,)  What  is  the  oatpnt  of  coal  ?— 
13^000  tona  a  year  in  Pembrokeahire. 


T,  Evaat, 
Ewq. 


492.  (iSi^fn/|j«N.<4ri»«<rim9.)WliatiB  the  thinnest 
seam  wnlch  is  wm-ked  for  general  oonsumt>iion  ? —  91 1868. 

About  2  feet  3,  or  2  feet  4. 

493.  {Chairman.)  That  is  except  where  the  coal 
is  worked  in  conjunction  with  ironstone  or  fire- 
clay?-— Yes.  Some  of  the  coal  worked  exclusively 
fer  the  sake  of  the  coal  in  the  neighbourhood  of 
Llanelly  is  about  22  inches  thick.  The  Bushey 
vein  at  Llanelly  is  about  22  inches  ;  the  Golden 
vein  is  from  22  to  26  inches  and  the  Fiery  vein  is 
36  inches,  and  so  on  up  to  five  feet  thick.  The  Big 
vein  is  five  feet  thick. 

494.  {Sir  William  Armstro^.)  Would  you  con- 
sider a  seam  of  22  inches  thick  of  an  ordinary  quality 
workaUe,  if  it  had  no  special  recommendation  as  to 
quality  ? — It  entirely  depends  upon  the  distance 
which  it  has  to  be  carried,  the  nature  of  the  roof, 
and  the  cost  of  working  it.  If  it  can  be  worked 
cheaply,  and  if  there  is  a  ready  market,  it  can  often 
be  sold  to  a  profit.  This  coal  in  Llanelly  perhaps 
may  be  an  exceptional  case,  for  it  is  very  near  a  ship- 
ping port ;  much  of  the  small  is  used  for  copper 
smelting  and  the  large  is  exported. 

495.  Then,  in  iact,  it  has  some  special  advantages'? 
—Yes. 

496.  Otherwise  a  seam  of  22  inches,  I  presume, 
without  special  advantages,  could  scarcely  be  work- 
able ? — ^Perhaps  not  without  the  advantage  before 
mentioned. 

497.  {Chairman.)  You  heard  Mr.  Truram's  state- 
ments with  regard  to  the  working  in  the  north  crop  ? 
—Yes. 

^96.  Do  you  know  the  eystem  of  pillar  and  stall 
working  in  other  parts  of  Scuth  Wales  ? — ^Yes. 

499.  Is  that  pystem  generally  practised? — It  was 
up  to  within  a  very  few  years  the  only  system 
known  in  the  northern  part  of  the  coalfield.  Along 
the  southern  outcrop  other  plans  have  been  ^led, 
and  snccessftdly  carried  out 

500.  Is  not  the  aouth  crop  much  steeper  than  the 
north  crop? — Yes;  it  dips  about  16  inches  in  a 
yard  towu^s  the  north,  as  against  three  inches  in  .a 
yard  along  the  northern  outcrop,  towards  the  south. 
On  the  north  crop  the  coals  are  generally  hwd  and 
strong,  and  on  the  south  crop  they  are  often  very  soft. 
The  loss  of  coal  on  tlie  old  pillar  and  stall  aystem 
was  very  enormous, 

50!.  What  may  it  be  in  the  soutii  crop  ? — In  some 
parts  of  the  sontli  crop  the  loss  is  quite  as  large. 
Some  of  the  sonthera  seams  are  from  8  to  15  feet 
thick.  The  North  Fawr  is  from  8  to  15  &et  thick, 
and  it  only  prodaces  about  9,000  tons  per  awe. 
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C  18  {Sir  WUliam  Armstrong^  What  proportion 

T  Evmu  of  ^he  whole  P — It  in  about  one  half. 

'        503.  (Mr.  Geddet.)  Is  it  left  in  pillars  ?— Some  of 

 ■        it  is  left  in  pillars,  and  some  is  left  in  the  roof. 

2lM«yl868.  504.  (Sir  WiUiam  Arautrong.)  If  the  long-wall 
^stem  were  adopted  there,  what  wonld  be  the  loss 
then  ? — I  am  not  quite  sure  whether  the  long-wall 
system  could  be  introdneed  there ;  tibe  coal  is  very 
8of^  and  the  roof  is  veiy  bftd,  and  lying  at  a  great 
inclination. 

605.  {Chairman.)  I  believe  that  at  one  or  two 
collieries  on  the  south  crop  they  do  it,  by  driving  out 
their  levels  to  the  extremity,  and  by  drawing  the  coat 
bade  ? — They  have  done  it  extensively  at  Morfa, 
Mr.  ViTUUi's  colliery,  and  at  some  two  or  three 
others. 

506.  What  result  is  obtained  where  that  practice 
is  followed  ? — Nc  donbt  they  obtain  a  very  much 
larger  quantity  per  acre.  I  cannot  give  the  exact 
figures. 

507.  {Sir  HlUiam  Armstrong.)  Are  they  the 
tiame  seams  as  those  of  which  you  have  been  speak- 
ing ?—  Yes,  some  of  them,  but  they  are  not  of  the 
same  thickness,  and  the  roofs  are  much  better.  The 
measures  are  steep  at  Morfa,  but  the  roofs  are  very 
much  better. 

508.  {Mr.  Geddes.)  Do  you  know  whether  iha 
loDg-watl  system  has  been  attempted  in  those  steep 
seams  ? — I  do  not  in  Wales ;  but  in  Warwickshire 
they  are  all  worked  by  tlie  long-wall  system. 

509.  (tS'tr  William  Armstrong.)  Do  you  think  that 
that  system  would  be  applicable  in  those  searas  where 
there  is  a  great  inclination  ? — I  do  not  think  that  the 
present  system  of  long-wall  work  could  be  practised 
in  Wales ;  possibly  there  might  be  a  modification  of 
the  system.  The  Wai'wickshire  plan  of  driving  in- 
cline planes  along  the  dip  of  the  coal  to  a  considerable 
distance,  and  working  the  bottom  coal  lii*st  and  con- 
tinuing back  up  the  hill,  is  attended  with  saccoBs. 
I  think  that  Mr.  Vivian's  plan  is  a  ftr  pi-eferable  one, 
namely,  diiving  out  to  the  extremity  and  bringing 
the  coal  back  by  means  of  levels  at  short  distances 
apart. 

filO.  (Ckairmctn.)  That  is  very  similar  to  what  is 
done  i:i  L:i::c.>'hir8  ? — Yes. 

511.  {Sir  IVilliam  Armstrong.)  Supposing  that 
system  to  be  adopted,  have  you  any  idea  to  what 
extent  the  cost  can  be  diminished  ? — No,  for  so  much 
depends  on  the  condition  of  the  roof  and  floor. 
Messrs.  Brogden,  of  Tondu,  worked  out  their  levels 
some  distsnce  from  the  idiaft,  and  the  expense  of 
supporting  the  roof  was  enormous ;  the  roof  in  this 
case  was  wevj  bad. 

512.  {Mr.  fVoodhouse.)  Was  that  road  entirely  in 
the  solid  ? — Yes. 

513.  There  was  no  working  near  ? — None. 

514.  Were  the  floors  lifted  ?— Yes. 

£15.  {Chairman)  In  the  uithracite  district  is  the 
pillar  and  stall  system  followed '/ — Yes ;  and  also  the 
long-wall  system. 

516.  What  result  attends  the  pillar  and  Ptall  system 
there  ? — By  the  pillar  and  stall  system>  in  the  thick 
anthracite  mines,  I  think  about  four  tenths  of  the  coal 
is  lost. 

517.  {Mr.  Geddes.)  Is  that  in  the  Neath  district? 
— Yes ;  also  Caennarthenshire.  It  commences  in  the 
Neath  Valley  and  extends  through  the  western  part 
of  Glamorganshire,  and  much  of  the  county  of  Caer- 
marthenshirc. 

518.  How  many  seams  are  thei'e  of  the  anthracite 
«>al  ? — ^About  28  to  30  ;  I  am  not  quite  sure  of  the 
number. 

519.  How  many  are  working? — About  six.  The 
anthracite  coal  is  very  little  used.  There  is  very 
little  demand  for  it.  It  is  of  enormous  thickness,  and 
any  quantity  of  it  may  be  had.  The  quantity  worked 
is  about  400,000  tons  a  year. 

520.  Is  it  used  for  iron  making  ? — To  a  small  ex- 
tent. There  are  some  furnaces  in  the  Swansea  Valley, 
at  Ystalefeia,  Brynamman,  Yniscedwyn,  and  Onllyn. 

521.  {Sir  H^liam  Armstrong.)  Is  not  the  iinthra- 


cite  coal  used  as  steam  coal  ?— No,  not  ia  Ei^land ; 
it  has  been  tried.  Of  course,  locally,  it  ifl  used  at 
the  engine  boilers  belonging  to  the  pits. 

522.  But  it  is  not  sold  F— No,  not  to  any  extent ; 
it  is  chiefly  used  for  malting  and  drying  hops. 

523.  {Mr.  Geddes.)  And  for  burning  lime  ? — ^Yes, 
in  the  neighbourhood  ;  but  theTailway  communicatioB 
in  Wales  is  now  ao  good  that  other  coals  are  eiuly 
taken  to  the  limestone  districts,  which  compete  a 
good  deal  with  the  anthracite  small  coal  It  ia,  how- 
ever, perhaps  the  best  of  all  lime-bnming  coals. 

524.  (CAotrMon.)  The  proportions  of  which  you 
have  spoken  refer  only  to  where  the  coal  is  actually 
being  worked  ;  they  do  not  include  pillars  left  for  the 
support  of  the  surface  ? — No ;  bat  generally,  in  South 
Wales,  the  coalfield  is  so  barren  and  the  population 
is  BO  thin,  that  a  very  small  quantity  of  ooai  is  left 
in  for  pillars. 

525.  {Mr.  Geddet.)  The  land  question  is  not  so 
important  as  it  is  elsewhere  ? — No,  not  generally. 

526.  {Sir  William  Armstrong.)  Taking  the  whole 
South  Wales  coalfield  together,  what  proportion  of 
&e  coal  may  be  considered  as  anthracite  ? — ^I  cannot 
give  you  the  number  of  acres.   I  cannot  tell  exactly. 

527.  {Chwman.)  By  the  time  that  you  have 
passed  Rhymney  and  get  to  Dowlais,  do  not  the 
lower  seams  b^n  to  change  to  anthracite  ? — ^To  a 
alight  extent. 

528.  And  that  keeps  increasing  tilt  you  get  to  the 
Vale  of  Neath,  and  then  not  only  the  lower  but  the 
higher  seams  become  anthracite  ? — ^Yes ;  beginning 
at  Pontypool,  the  coals  are  very  bituminous.  They 
change  their  character  coming  west,  becoming  more 
anthracite  at  Dowlais,  Merthyr,  and  Aberdare  j  Bud 
in  the  Neath  Valley  Ihey  become  purely  anthracite. 

529.  {Sir  WiUiam  Annstrong.)  Taking  both  thick- 
ness of  seams  and  extent  of  area,  would  yon  suppose 
that  one  half  of  the  coal  in  South  Walea  ia  anUira- 
cite  ? — Certainly  not,  and  not  one  third. 

580.  Would  it  be  about  one  fourth  ? — I  should  say 
scarcely  one  fourth.  There  is,  however,  a  very  laige 
quantity  of  anthracite  coal. 

531.  Is  it  the  lower  seams  chiefly  which  are  of  the 
anthracite  quality? — ^Ycs,  the  lower  series.  In  fact, 
the  same  series  that  Mr.  Truran  spoke  of,  excepting 
the  Brithdir  veins,  which  are  of  the  higher  series. 

532.  If  you  went  to  greater  depths,  would  you  Bay 
that  you  would  meet  with  the  anthracite  quality,  or 
the  bituminous  ;  or  would  there  be  any  connection 
between  depth  and  the  nature  of  the  coal  which 
would  be  met  with  ? — I  should  say  not.  I  should  say 
that  the  anthracite  coal  would  continue  anthracite 
throughout. 

533.  Have  you  not  sud  that  the  anthracite  coal  is 
peculiar  to  the  lower  beds  of  coal  ?— Yes. 

534.  Then  it  would  be  the  bwer  beds  which  yoa 
would  reach  by  deeper  sinkings  ?— The  lower  series 
of  the  coal  measures  are  uithracite  in  the  uithradts 
districts,  irrespective  of  depths. 

535.  {Chairman.)  In  the  anthracite  district,  is  any 
of  ihe  small  coal  brought  out  ? — None,  excepting  what 
is  accidentally  brought  out. 

536.  Have  any  attempts  been  made  to  utilise  it  ? — 
Yes.  Mr,  Budd,  of  Ystalefera,  tried  a  great  many 
experiments  in  mixing  the  bituminous  with  the 
anthracite,  and  making  a  kind  of  patent  fiiel. 

537.  Has  that  been  successful? — It  was  not  very 
successful ;  but  the  steam  coal,  which  is  not  quite  so 
anthracitic,  and  the  bituminous  coal  mix  together 
very  well,  and  that  trade  has  been  carried  on  to  a 
greiU  extent. 

538.  So  that  up  to  the  present  time  nearly  the 
whole  of  the  small  coal  made  in  the  anthracite  col- 
lieries has  been  stowed  away  in  the  workings  ?— Yes. 

539.  {Sir  William  Armstrong.)  Is  that  so  in  the 
bituminous  collieries  ?— No  ;  all  the  small  coal  is  there 
brought  out. 

540.  Did  not  you  state  that  in  the  case  of  a  thick 
seam  with  a  steep  inclination,  only  one  half  of  it  was 
brought  out  ? — That  is  one  half  of  the  total  quantity 
of  coal.   There  is  none  of  the  small  stowed  in  pur- 
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posely,  as  in  the  caae  of  the  steam  coal ;  it  ie  left  in 
the  bitominous  collieries,  where  it  cannot  be  econo- 
mically worked  ;  whereas  in  the  anthracite  mines  it 
can  be  worked,  bat  it  is  of  no  value  when  bronght 
oat.  In  the  one  case  it  is  left  in  because  it  cannot  be 
worked,  and  in  the  other  ease  beoanse  it  is  valueless 
when  bronght  oat. 

541.  Speaking  of  the  bituminoas  collieries' in  South 
Wales  geMmUjf  and  taking  them  to  be  worked  chiefly 
upcm  the  pillw  and  stall  system,  and  partly  upon  the 
hmg-wallsyBtein,  what  proportion  of  ^  coal  do  yon 
think  is  actually  left  behind  from  all  causes  ? — Of 
course  there  are  exceptional  cases. 

542.  Will  you  give  us  the  proportion  roughly,  as  a 
general  thing? — Generally  I  should  think  that  one 
fourth  of  the  coal  would  be  left  in. 

543.  By  improved  methods  of  working,  and  by  the 
improvement  of  the  long-wall  system,  and  the  im- 
provements which  yoa  have  mentioned,  do  you  think 
that  the  quantity  can  be  considerably  diminished  ?— 
Generally  so  j  there  may  be  exceptional  cases. 

544.  You  think  that  at  least  three  fourths  of  the 
bitnminouB  coal  is  now  brought  up  ?— Yes,  on  the 
southern  outcrop.  I  must  make  an  excepUon  with 
regard  to  the  noiiJiem  outcrop  in  Glamorganshire 
and  Monmouthediire,  because  there  the  Mynyddysllwyn 
seam  is,  I  believe,  practically  all  worked.  ■ 

545.  {Chairman.)  That  is  where  they  have  good 
roofs  ? — Where  they  have  rock  ruofs. 

546.  {Sir  William  Armstrong.)  Speaking  of  South 
Wales  generally,  do  you  think  that  the  present  loss  of 
coal  amounts  to  one  fourth,  taking  the  bituminous 
coal  alone  ? — No,  I  should  think  not.  In  the  collieries 
of  Messrs.  Vivian,  and  other  collieries  with  good  roofs, 
prdbably  there  would  not  be  so  much  as  that  left. 

547.  Would  you  say  20  per  cent.  ? — Yea,  I  should 
think  I  might  safely  say  that. 

548.  In  some  cases  the  quantity  left  behind 
amounts  to  nearly  one  half  and  in  other  cases  the 
whole  of  the  coal  has  been  worked  P — Quite  so. 

5^.  The  average  loss  you  think  may  be  about  20 
per  cent? — ^Yes.  y 

550.  {ChairmaH.)  And  which  might  be  got  by  an 
improved  system  of  working  i — Yes,  some  of  it. 

551.  Throughout  any  part  of  this  district,  have  you 
noticed  any  order  observed  in  working  the  seams  ? — 
Ho.  The  colliery  is  worked  chiefly  to  accommodate 
the  particulai'  market  in  which  it  is  situated,  irres- 
pective of  the  relative  position  of  the  one  seam  to  the 
other. 

552.  Without  any  regard  to  working  the  upper 
seams  first  ? — Just  so;  except  in  the  northern  out- 
crop, where  the  top  coal  is  a  valuable  one,  luid  conse- 
quently has  been  worked  more  extensively  than  all 
the  ouuait— the  upper  four  feet  The  coal  which 
Mr.  Truran  told  you  was  only  two  feet  four  is  at 
AbOTdare  mx  feet  thick. 

553.  That  seam  is  suited  for  general  purposes  ? — 
Yes,  as  a  steam  coal,  piurticularly  for  the  Navy,  for 
export,  and  iron  making.. 

554.  (Mr.  fVoodhouse.)  It  is  so  wco-ked  regardless 
of  the  seams  above  or  below  ? — Yes,  generally. 

555.  (Chairman.)  If  the  order  of  working  the 
seams,  was  more  observed,  would  it  not  tend  to  lessen 
the  crashing  of  the  pillars  P — Yes,  I  think  it  would,  if 
they  did  not  work  the  coals  so  much  together;  the 
coals  which  lie  near  each  other,  if  worked  at  the  same 
time,  squeeze  and  crush  the  pillars,  and  a  very  great 
loss  results  ;  but  if  they  could  arrange  so  as  to  work 
one  coal  first,  and  then  commence  the  other  one  when 
that  is  finished,  the  loss  would  be  far  less  than  by 
workiuc  them  idtogether. 

556.  Up  to  the  present  time  that  can  scarcely  be 
■aid  to  have  been  observed  ?— Ko. 

£57.  {Mr.  GtddeM.)  Do  you  think  that  would  i^>ply 
everywhere  ? — ^Yes,  but  not  alt(^ether.  Of  course 
you  must  work  the  particular  coal  that  suits  the  par- 
ticular market  For  instance,  the  steam  coals  which 
we  have  been  talking  about  at  Abordarc  are  not  so 
valuable  for  puddling  or  heating  ii-on  as  they  are  for 
blaat  fnmaoes  i  the  bitumisous  coal  is  used  foy  pud- 
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dling,  and  they  get  it  irrespective  of  its  position  in  the      C  1 9 
coalfield.  r.  Evan», 

558.  {Chairman.)  Do  you  know  that  in  Lancashire  -Emj. 

some  leases  stipulate  that  each  seam  must  be  worked   

by  itself,  and  worked  in  a  descending  order  ? — Yes,  I 
believe  so  ;  but  in  South  Wales  the  leases  are  more 
liberal. 

559.  {Mr.  Woodhoute.)  Are  you  aware  whether 
those  seams  to  which  tho  Chairman  has  referred,  where  ' 
a  Btipu3ation  la  made  that  the^  shall  be  worked  progres- 
sively, are  tS  the  same  qnakty  and  character  ?• — do 

not  know  that  th^  are ;  as  to  the  steam  coals  in  the 
northern  outcrop,  there  is  an  enormous  quantity  of 
small  coal  left  in,  simply  because  it  cannot  be  sold  ;  but 
of  late  years  at  the  ironworks  they  have  introduced 
a  system  of  using  blast  for  puddling  and  heating  iron, 
and  the  semi -anthracite  or  steam  coal  has  been  used 
extensively  for  puddling,  and  that  will  increase  the 
production  from  the  steam  coals  very  considerably. 

560.  {Chairman.)    But    that    only  applies  to 
collieries  at  ironworks  ?— .Only  to  those. 

561.  In  some  extensive  collieries  which  are  worked 
for  the  B^e  of  steam  coal  thero  is  no  such  demand 
for  the  small  ? — JS,o ;  the  small  is  almost  valueless. 
X  hare  no  doubt  you  might  buy  small  steam  coal  at 
2«.  6dL  a  ton. 

562.  {Mr.  Geddes.)  Has  there  been  no  endeavour 
to  convert  it  into  coke  ? — Yes,  and  patent  iheL 

563.  Will  it  not  do  for  that  purpose?— Not  for 
coke ;  and  making  patent  fuel  is  as  yet  a  very  expen- 
sive process ;  there  is  a  large  quantity  of  pitch 
required,  and  the  manipulation,  as  far  as  it  has  gone, 
is  expensive. 

564.  {Sir  William  Armstrong.)  I  do  not  exactly 
understand  what  yon  comprise  under  the  term  steam 
coal ;  do  you  include  anthratate  ?— -No,  not  as  a 
general  rule. 

565.  In  fact  there  are  three  classes  of  coal  in  South 
Wales,  bituminous  coal,  the  steam  coal,  and  the 
anUiracite  coal? — Yes,  quite  so. 

566.  Then  my  questions  just  now  as  to  the-  waste 
were  directed  to  bituminous  coal  only  under,  the  im- 
pression that  there  were  only  two  daase^  the  bitumi- 
nous and  the  anthracite  ? — ^In  South  Wales,  for  the 
purpose  of  distinguishing  tlie  anthracite  from  the 
Merthyr,  Aberdare,  uid  the  Eastern  coals,  one  is 
called  the  steam  coal,  and  the  other  the  anthracite 
they  are  both  really  steam  coals. 

567.  I  sliould  like  to  modify  my  former  questions, 
which  related  altogether  to  bituminous  coal,  and  make 
the  inquiry  applicable  to  all  coal  except  the  anthracite. 
Do  you  think  that  the  waste  would  be  20  per  cent, 
upon  the  whole  of  the  coal  of  South  Wales  with  the 
exception  of  anthracite,  which  is  regarded  as  not  of 
so  much  value  ? — Yes  ;  I  think  it  would. 

568.  Did  not  I'understand  you  to  say  that'anthn^ 
cite  coal  was  not  of  so  much  value? — The  demand  is 
so  small. 

669,  Is  it  Uiat  the  demand  is  small  because  it  is  not 
of  much  valu^  or  is  it  that  it  is  only  used  ibr  some 
special  purposes  P — ^It  is  only  used  for  some  special 
purposes, 

570.  Then  it  is  not  of  mu^  importance  as  an 
article  of  general  consumption  ? — At  present  it  is  of 
little  commercial  value  as  compared  with  the  steam 
coals  of  Merthyr  and  Aberdare. 

571.  Speaking  then  of  those  coals  which  are  of 
commercial  value,  fJiat  is,  both  steam  coal  and  bitu- 
minous coal,  taking  the  whole  coal  in  fact,  except  the 
anthracite,  what  do  you  suppose  at  the  present  time 
is  the  amount  of  waste  in  working  ? — I  should  think 
20  per  cent.  The  steam  coals  up  to  six  feet  in  thick- 
ness are  now  being  worked  long  work,  beyond  that  it 
is  a  question  whether  the  long  work  can  be  success- 
fully adopted,  in  consequence  of  the  enormous  quuiti^ 
of  gas  given  ofi";  and  whether  there  would  be  stuff 
enough  to  fill  in  the  waste  or  goaf;  probably  some 
modified  plan  could  be  worked. 

572.  Is  there  much  gas  given  ofi"  in  the  long-work 
plan  ? — Yes  ;  but  up  to  six  feet  thick  there  is  stutt 
enough  to  fill  the  goaf  tight  and  not  allow  any  open 
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C  20       spuue  ■whan  gu  mi^t  aoenmalatA    The  nine  feet 
T,  SvmUt    coal  gives  off  an  enormous  quantity  of  gas,  and,  unless 
Eag,        the  goaf  is  filled  -mth  dirt,  it  is  questionable  whethw 
—        it  is  possihle  to  mak  bj  the  present  E^ston  of  long 
i  Vmj  186&  yff^)^^  leaving  lai^  gas<Hnet6is  behind  the  working 
places. 

573.  (Chaiiman.)  Might  not  that  difficulty  be  got 
rid  of  by  driving  to  the  extremity  and  working  back- 
ward ? — Quite  so ;  but  thai  would  not  be  the  prewnt 
system  of  long  work. 

574.  {Mr.  Geddea.)  Of  course  it  comes  to  long 
work  in  the  end  ;  you  get  rid  of  the  coal  because  that 
is  an  advantage  ^ways  ? — ^Yes ;  but  it  is  rather  a 
difierent  thing  for  the  colliery  proprietor.  Undo' 
the  present  system  he  commences  getting  coal  as 
soon  as  he  gets  his  pit  down ;  whereas,  in  the  other 
case,  his  pit  is  not  opened  until  he  has  driven  to  the 
extreme  end  of  the  leveL   It  is  a  question  of  capital. 

575.  It  is  a  question  of  the  length  of  the  lease  also, 
is  it  not  ? — ^Yes. 

576.  {Chcdman.')  I  believe,  in  many  collieries 
where  the  pillar  and  stall  system  is  worked,  there  is 
not  that  attention  paid  in  South  Wales  to  keying 
the  pillars  of  a  uniform  thickness  which  there  m^ht 
he  ? — ^No  ;  they  are  all  sizes  and  thicknesses. 

577.  Could  you  show  us  an  actual  plan  illustrating 
the  mode  in  which  the  pillar  and  stall  system  is 
really  carried  oat  ? — I  have  here  an  old  plan  of  the 
Get^n  Colliery,  showing  where  there  has  been  an 
explosion  and  many  lives  lost.  {Producing  the  mme 
and  explaminff  it  to  the  CommtMsion,) 

578.  Does  the  white  portion  r^resent  what  is 
excavated  ? — ^Tes. 

579.  And  does  all  tiie  Mack  portion  represent  coal  ? 
—Yes. 

580.  And  is  not  that  supposed  to  be  worked  out  ? — 
Looking  at  this  plan,  there  does  not  appear  to  be  more 
than  one  half  of  the  coal  worked. 

581.  Taking  the  coal  r^resented  on  this  plan 
generally,  you  may  say  that  one  half  the  coal  would 
be  sacrificed  in  that  particular  instance  ? — ^Yes  ;  no 
doubt  in  working  this  piUar  and  stall  system  it 
would  be  so, 

682.  Would  this  immense  waste  be  obviated  by 
adopting  the  long-work  system  in  this  colliery  ? — No, 
not  altogether.  Here  is  another  plan  of  ^e  same 
seam  exactly.    {Produdng  another  plan.) 

583.  {Mr.  Geddes.)  I  suppose  the  thickness  would 
not  materially  ^ter  the  system  ? — ^No ;  bnt  Uiis  same 
coal,  of  the  same  thickness,  is  worked  in  the  AfoOTdare 
Valley  on  the  long-work  system  ;  in  fact,  this  is 
within  600  yards  some  of  the  Aberdare  Cdliery 
workings.  , 

584.  {Chairman.)  In  the  adjoining  colliery  this 
same  seam  is  actually  worked  on  the  long-work 
system,  and  all  this  sacrifice  avoided  ? — No,  not  all 
of  it ;  of  course  there  is  some  amount  of  small  coal 
made  in  working. 

685.  The  small  coal  is  stowed  away  even  in  the 
long-wall  system  ? — Yes ;  the  only  small  coal  that  is 
brought  out  in  the  long  work  is  in  the  heading  work. 
Tbis  is  a  fkir  sa^l^  I  think,  of  the  pillar  and  stall 
system  in  South  Walm. 

586.  In  iaet,  it  is  an  actual  working  ? — ^Yes ;  this 
is  the  actual  plan  of  a  Cethin  coll!ety,  near  Mnthyr 
Tydfil. 

587.  In  addition  to  this  loss  which  has  been  spoken 
to,  by  the  system  of  pillar  and  stall  working,  and  the 
stowage  of  the  small  coal  in  the  workings  from  being 
unsaleable,  are  tliere  not  very  large  masses  of  the 
seams  destroyed  by  faults,  what  is  called  rotten  coal  ? 
— Yefc 

588.  Sometimes  as  much  as  100  yards  in  breadth  ? 
— ^Yes,  and  more. 

689.  Which  becomes  almost  like  black  soot  ?— Tes, 
often. 

590.  And  that  is  left  behhid?— Yes. 

591.  {Sir  William  Amutrong.)  Are  all  those 
places  which  have  been  worked  of  that  character  ? 
—No. 

692.  Then  why  are  they  not;  is  it  merely  beconw 


itha  W(»king8  have  not  proceedod  far  enou^?— 
Foeeibly  ;  the  pillars  ought  to  be  the  same  size,'  and 
would  hare  been  had  the  headings  been  -drirm 
straight ;  those  headings  ought  to  be  in  line,  as  the 
others  are,  and  parallel. 

695.  Tlere  seon  to  be  lumps  of  aolid  coal  all  along 
there;  why  are  they  left? — ^That  is  to  protect  tiie 
level. 

694.  There  is  nothing  like  one  half  the  coal  taken 
out,  if  you  take  the  whole  of  it  ? — ^A  good  deal  of  the 
lower  pillar  is  got  by  drawing  back  the  level  whoi  it 
is  finished. 

596.  What  do  you  think  wonld  be  a  fair  estimate 
of  the  coal  rendered  useless  by  faults  and  natural 
causes  ? — ^I  could  not  tell ;  it  varies  so  enormously. 

696.  Something  like  10  per  cent,  upon  the  whole, 
would  yon  say  ? — ^The  fiiiUts  vaiy  so  much  that  I 
oonld  not  say. 

697.  In  estimating  the  loss,  not  in  a  particular 
colliery  but  uiMm  the  coalfield  generally,  what  would 
you  tlunk  would  be  &iT  to  strike  off  as  an  average  for 
loss  from  causes  of  that  kind  ? — ^I  do  not  see  how  yoa 
can  lay  down  any  rule ;  for  instance,  there  are  6,000 
acres  which  Mr.  Truran  has  been  describing,  where 
there  are  only  two  or  three  faults  of  any  size,  and 
consequently  there  will  only  be  a  small  loss  of  coal 
from  that  cause  ;  in  other  cases  it  is  just  the  contrary. 

598.  Are  there  not  other  cases  in  which  the  cost 
of  working  is  se  much  increased  by  the  occurrence 
faults  that  considerable  tracteof  coid  are  left  in-conse- 
quence  ? — No  doubt. 

599.  The  coal  is  broken  np  so  much  that  it  would 
be  rendered  too  costly  to  work  it  up  ? — Tes,  there 
we  many  cases  of  t^t  kind. 

600.  Then  tiiere  is  a  loss,  not  merely  from  the  coal 
being  actually  spoiled  by  the  action  ^  those  faults, 
but  also  when  it  is  rendered  too  expennve  to  get  ?— 
Yea. 

601.  {Mr.  Geddes.)  Does  your  experience  enable 
you  to  say  whether  in  every  lease  barriers  are  stipu- 
lated ? — It  is  not  so  stipulated  in  every  lease. 

602.  {Chairmaiu)  Have  you  any  other  sketches 
showing  the  mode  of  working  in  the  difierent  districts 
which  you  have  spoken  to  ? — I  have  here  a  very  old 
plan  of  the  working  of  the  coal  by  leaving  very  thick 
piUars,  at  Llanelly,  in  Caermarthenshire  (produeing 
the  same).  Large  pillu^  are  left,  and  the  larger  pro- 
portion m  the  pUlaiB  are  got  in  working  bac}c.  This 
18  bitominons  coal,  and  of  course  the  smdl  coal  is 
value. 

603.  (Mr,  Geddes.)  Does  it  lie  high  ?-«Yes,  it 
does  in  ^is  part  {pointing  to  the  shetch). 

604.  {Chairman.)  Have  you  sketches  of  othff 
systems  of  working  ? — have  no  other. 

606.  {Mr.  Geddes.)  What  proportion  of  those 
pillars  do  you  estimate  to  get  in  working  back  ? — 
I  think  they  will  lose  about  20  per  cent.  The  advan- 
tage of  long  work  in  these  steam  coal  districts  is  that 
you  get  much  larger  lumps  of  coal  and  lees  powder 
used,  and  as  lM*ge  coal  is  an  important  element,  aod 
the  use  of  powder  most  dangerons  in  these  collieries^ 
it  is  a  very  serious  matter  working  on  the  old  system. 

606.  For  iron  woiking  ? — Yes }  and  fbr  steam  pur- 
poses, powder  is  veiy  ol^ectionable  in  consequence  of 
the  enormous  quantity  <^  gas. 

607.  {Chairman.)  Looldng  gener^y  at  iha  disHc^ 
an  improved  mode  of  working  the  seams  is  being 
extended,  you  think  ? — ^Yes,  very  rapidly.  ItiJ  only 
about  10  years  since  the  long  work  was  commenced 
in  South  Wales. 

608.  And  you  say  that  it  is  very  desirable  that  this 
system  of  working  the  st^s  as  ^e  levels  are  being 
i-iven  out  should  be  got  rid  of  in  consequence  of  the 
large  quantity  of  gas  yielded  by  the  mines  ? — Yes. 

609.  You  think  that  Uie  use  <tf  powder  is  very 
objectionable  ?— Yes,  very  dangerous. 

610.  (Sir  William  Armstrong.)  Would  you  appre- 
hend much  increase  of  gas  in  deepening  the  seanis  ?— ' 
No ;  not,  at  all  events,  to  the  extent  t£at  Mr.  Troran 
and  some  gentlemen  appear  to  think. 

611.  {Chairman,)  lure  yoa  noticed  anoch  increase 
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in  the  qaantitr  of  eas  after  70a  hare  got  below 
about  200  Taros? — No,  I  Uiink  noU  In.  the  eteam 
ooal  districts  the  coals  crop  right  oat  to  the'  soiffwe^ 
the  multiplicity  of  the  sUps  vhich  Mr.  Tmran 
described  to  you,  as  well  as  the  stratifteation,  l>eiiig 
very  open  ;  the  consequence  is  that  a  very  large  quan- 
tity of  gaa  has  been  drained  away  to  a  considerable 
depth.  Take  the  particular  instance  of  Dowlais, 
where  they  commenced  working  coal  at  the  outcrop 
and  followed  it  down  to  a  depth  of  500  yards  ;  the 
gas  is  drained  away,  except  the  bags  of  gas  which 
are  occasiaoally  met  with  and  exist  under  pressure. 

612.  Eadi  seam  is  wcnrked  as  it  were  in  desuending 
order,  from  the  crop  to  the  deep  ? — ^Tes. 

613.  And  there  is  a  natoral  drainage  of  gas  going 
.on  under  that  system  of  working  ?— -Yes.  I  believe 
that  in  the  Aberdare  district  there  was  as  much  gas 
given  o£f  at  a  depth  of  200  yards  at  Middle  and 
Lower  DufiiTii  as  tha«  has  be^  since  at  400  yards 
deep. 

614.  ThAt  agrees  with  my  own  observations,  which 
go  over  a  very  wide  country;  that  after  you  have 

got  to  a  sufficient  depth  to  prevent  the  gas  from 
getting  vent  you  get  no  increase ;  some  mines 
are  quite  as  fiery  at  200  yards  as  they  are  at  500 
yards  ? — ^Tes,  'that  is  so.  At  Aberdare  large  and 
regular  dischai^s  of  gas  could  at  one  time  be  seen  at 
the  outcrop ;  it  was  a  common  practice  fbr  people  to 
light  it  lip  in  the  bed  of  the  river.  In  explanation 
of  what  Mr.  Tmran  said  in  his  evidence  as  regards 
the  larger  blocks  of  coal  bronght  oat  of  the  long  work 
than  out  of  the  pillar  and  st^  system  ;  it  is  that  the 
weight  of  the  roof  rests  upon  each  of  Uiose  pilhu«  of 
the  stalls ;  it  is  nneqaally  distributed,  and  the  con- 
sequence is,  thvaeo  is  a  constant  ninding  not  only 
on  the  piUars  but  all  along  ihe  Ibce  of  the  stall; 
whereas  in  the  long  work  yon  may  throw  the  weight 
exactly  on  the  fece  where  yon  require  it,  and  ftn  equal 
weight;  and  by  boleing  undemeatib,  and  so  freeing  the 
bottom,  the  coal  is  forced  out  in  lai^  lumps. 

615.  (Mr.  fVoodhottse.')  Does  not  very  much 
depend  upon  the  structure  of  the  coal  itself  in  the 
fieam  ? — I  think  not.  I  think  it  more  depends  upon 
the  equal  distribution  of  the  weight ;  I  mean  that  the 
smalkiess  of  the  coal  is  attributable  to  the  unequ^ 


distribntioD  of  the  weight  in  oonaeqneuce  of  the 
pUlars  which  are  left  in  tiie  stall. 
.  616.  {Chainmi^  The  anthracite  sBuns fi& 
a  large  quantity  of  fire-damp,  I  believe  ?— Xes,  they 
do,  a  oonsideFBble  cpiantity. 

617.  Even  at  shallow  depths? — ^Yes.  There  are 
no  deep  workings  in  the  anthracite  coal»  not  beyond 
170  or  180  yards.  The  loss  of  coal  in  the  anthracite 
is  something  enormous. 

618.  What  may  it  be  ? — I  may  say  that  in  Uie 
six  feet  there  is  one  fourth  of  the  coal  left  in. 

619.  (Jlfr.  Geddet.)  Is  there  any  reason  why  this 
should  t«  the  case  in  the  anthracite  more  than  in  any 
otlier  seams  ? — ^It  is  veiy  bad  roof. 

630.  {Sir  WilUam  ArmstroTtff.)  What  quantity  is 
got  ont  in  comparison  with  that  which  is  left  in  in 
tiifd  case  of  the  anthracite  ? — One  '  half  of  the  coal  is 
lost 

621.  {3fr.  Geddes.)  Should  yon  consider  that  the 
same  seam  might  be  worked  upon  the  long-work 
system 't — Yes.  I  see  no  reason  why  the  antiiracite 
coals  generally  could  not  be  worked  long  work  as 

well  as  others. 

622.  {Sir  William  Armstrong,)  If  bo,  what  would 
then  be  the  loss  approximately  ? — About  10  per 
cent. 

623.  Then  you  would  save  50  per  cent,  or  some- 
thing of  that  sort,  would  you  not  ? — You  would  save 
40  per  cent.,  speaking  roughly  ;  it  is  quite  dear  that 
there  would  be  rather  more  loss  in  the  anthracite, 
taking  small  into  consideration. 

624.  (C&otrman.)  Yon  have  shown  ns  a  plan  of 
the  Gtethin  Colliery,  where  the  ezpkwion  took  place  ? 
—Yes. 

625.  And  is  that  a  copy  of  the  plan  which  was  put 
in  at  the  inquest  ? — ^Yes. 

626.  It  is  not  an  hypothetical  plan  ;  it  represents  the 
pillar  and  stall  working  as  it  is  being  practised  in 
South  Wales  ? — Yes,  it  is  not  a  private  plan  ;  it  was 
printed  with  my  report  and  laid  before  both  bouses 
of  Parliament. 

627.  Careful  managers  of  collieries,  I  suppose,  work, 
the  stalls  by  points,  and  not  at  random  as  seems  to 
have  been  done  in  this  instance  ? — ^Yes,  that  is  done 
in  several  cases  now ;  they  give  points  to  the  diiferent 
stalls. 


0  21 

T.  Ewm», 
Esq. 

81  May  1868. 


The  witness  withdrew. 
A^oumed  to  Thursday,  the  18th  of  June. 


C-^Sth  Meetvng,  Jwne  IStk,  1868. 
Psesent: 

1.  Mb.  DiCKnraoN ;  2.  Ma  Woodhottse  ;  8.  Ms.  Gedses  ;  4.  Sir  Wiluah  Abubtbong. 

1.  The  minutes  of  the  last  two  meetings,  April  29  and  May  Si,  were  read  and  mgned. 

2.  The  Secretary  reported  that  he  had  written,  as  desired.  No.  955,  956,  957,  958,  June  12.  967, 
968,  969,  June  15.  "nie  correspondence  was  produced  with  William  Low,  Esq.,  William  Evans, 
Esq.,  Thomas  Wynn,  Esq.,  Lord  Mostyn,  G.  C.  Greenwell,  Esq.,  John  E.  Mammatt,  Esq. 

3.  The  Secretary  submitted  to  the  Committee  the  plan  pro|K)Bed  to  Committee  A.,  for  publishing 
Oircolar  G.  1,  and  the  replies.   He  ma  directed  to  proceed  as  m  the  ease  of  Ciieolar  A.  1. 

4.  The  evidence  taken  at  the  last  two  meetings  as  revised  in  manuscript^  printed,  and  revised  in 
type  so  far,  was  produced. 

The  Secretary  was  directed  to  proceed  as  with  the  evidence  of  D.,  whicli  hai*  been  made  up  in 
double  column. 
The  Canmiittee  then  proceeded  to  take  evideooe.  . 

Joseph  Diceinsok, 
Ohwmiim, 
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626.  {Chairman.)  The  subject  upon  which  we  wish 
ISJmelSSS.  particularly  to  examine  your  Lordship  to-day  is  with 
r^ard  to  tiie  qoaatitjr  of  coal  that  is  being  left  in  the 
eetates  which  bare  been  in  your  Lordship's  family 
I  beliere  for  very  many  years  at  Mostyn  ? — I  am  not 
{ffepared  to  give  yon  any  accurate  report  upon  that 
matter.  Ton  as  a  practical  man  know  it  infinitelT 
better  than  £  do.  You  gave  me  to  tindersand,  and  I 
hare  heard  it  &om  many  quarters,  that  there  is  a  great 
deal  of  coal  left  which  may  be  worked  out  to  great 
advantage,  and  I  believe  that  to  be  the  case. 

629.  I  believe  the  system  of  working  the  coal  under 
tiie  estuary  of  the  Dee,  which  is  the  property  in 
question,  is  io  cake  one  half  and  to  leave  one  half  to 
support  the  surface  ? — It  is  so. 

630.  The  object  of  our  inquiry  is  to  ascertain  what 
coal  is  being  left  in  the  ground,  the  waste  in  working, 
as  we  call  it,  which  possibly  by  an  improved  system 
might  be  got  out,  and  made  available  for  the  uses  of 
the  country  ? — I  should  look  upon  it  that,  taking  the 
average  get  for  a  series  of  years  at  something  under 
10(^000 tons,  there  is  the  same  amount  left  unwrought. 

631.  There  is  that  amount  of  cos!  actuidly  left  in 
pilars  ? — Tes  ;  that  is  my  belief ;  I  should  assume  thbi 
one  half  is  deducted. 

632.  Some  of  those  seams  are  very  valuable,  are 
they  not  ? — Tes. 

633.  I  think  you  begin  with  the  thick  cannol  coal, 
and  then  you  have  the  five  yards  seam,  the  three  yards, 
and  the  two  yards? — Yes,  and  the  Durbog  coaL 

634.  And  possibly  there  may  be  some  other  seams 
underneath  it  ? — Yes. 

635.  Up  to  the  present  time  your  system  of  working 
down  to  a  depth  of  250  yards  has  been  to  take  only 
one  half  of  the  coal,  and  to  leave  one  half,  bo  that 
taking  into  account  tho  faults  that  are  met  with  in 
the  ground  it  will  probably  work  out  altogether  that 
only  about  one  third  of  the  coal  has  been  obtained  ? — 
Yes. 

636.  Has  the  matter  been  properly  considered  by 
practical  men  as  to  whether  you  have  not  now  arrived 
at  such  a  depth  that  the  whole  of  the  coal  might  be 
got  out  ? — I  have  always  been  giyen  to  understand 
that  great  caution  should  be  exercised  with  reference 
to  the  removal  of  coal  under  high-water  mark. 
Indeed  I  myself  remember  the  occun-ence  of  a  slip  in 
of  water  many  years  ago  which  interrupted  the  works 
for  a  considerable  time.  They  had  worl^ed  in  short 
too  near  the  surface. 

637.  But  I  believe  that  was  at  some  pits  at  a 
shallower  depth  than  yours  are  now  being  worked  at  ? 
—Yes  it  was  a  little  to  the  westward  of  Mostyn 
station  ;  a  couple  of  hundred  yards,  I  should  say,  to  the 
west  of  Mostyn  quay. 

688.  Can  yon  state  what  thickness  of  clay  there  is 
under  Ihe  bed  of  the  river  ? — No,  I  cannot,  indeed. 

689.  Can  you  state  wheliher  there  are  any  shale 
beds  lying  atwve  the  coal  seams,  which  would'prevent 
water  getdng  down  ? — No,  I  am  not  aware  ;  I  cannot 
give  you  any  information  upon  tliat  point. 

640.  It  appears  to  be  a  subject  of  very  great  im- 
portance ? — Yes. 

641.  And  if  thu  matter  has  not  I'eceivod  that 
attention  from  mining  engineers  which  ,it  might 
receive,  it  seems  to  be  a  matter  very  much  deserving 
of  attention,  for  the  waste  is  en<HTU>us  ? — ^Yes ;  it 
should  be  attended  to. 

642.  Is  your  Lordship  aware  that  at  an  adjoining 
colliery  belonging  to  Sir  John  Hanmer  at  Mostyn 
they  did  commence  to  work  out  wide  irickets  ? — No, 
I  am- not. 

648.  And  at  a  much  shallower  depth  Uian  on  ilie 
Hos^n  beds  ? — am  not  aware  of  that. 

644.  Are  yon  aware  that  at  the  opposite  aide  of 
of  the  estuary,  at  the  Denna  Colliery,  they  worked  the 
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whole  of  the  co^  out  at  veiy  much  shallower  depths? 
— I  will  read  you  an  extract  from  a  report  of  Mr. 
Tolsou  White.  It  is  to  this  eiTect : — "  Accompanied 
**  by  Mr.  Davies,  I  visited  the  site  of  this  proposed 
"  colliery,"  (that  is  the  Park  Gate  Colliery,)  "on  the 
"  northern  shore  of  the  estuary  of  the  Dec,  and  sitOBtfl 
to  the  north  of  the  Denna  Coltiery,  which  is  now 
**  closed.  We  called  upon  the  manager,  but  coald 
'*  obtain  no  infbrmatifm  of  the  beds  worked.  Ihaveafeo 
"  applied  to  Mr*  Lad  caster,  who  was  agent  for  tke 
«  Lord  Mostyn  when  the  borings  were  made,  and  he 
"  has  furnished  me  with  the  annexed  sections  of  the 
"  vfuious  bore-holes,  but  I  cannot  find  that  any  accu- 
"  rate  plan  has  been  kept  of  the  position  of  the  holes, 
"  and  as  they  were  all  made  below  high-water  mark 
"  in  the  sand  bank  of  the  River  Dee  they  cumot 
"  now  be  traced.  However,  they  show  that  a  bed  of 
"  coal  has  been  proved  at  the  respective  holes  5  feet 
"  8  inches,  5  feet  9  inches,  6  feet  6  Inches,  and 
"  6  feet  6  inches  thick  at  depths  varying  from  33  to 
"  139  yards  deep.  This  is  great  encouragement  to 
"  parties  to  sink  through  this  coal  in  search  of  other 
"  seams,  and  pursue  the  same  method  which  hai 
**  been  successful  at  Mostyn^  viz.,  driving  level  drifb 
"  towards  the  dip,  where  it  is  supposed  1,200  acres 
"  and  upwards  1^  under  the  sand.  From  the  best 
"  information  I  could  obtwn,  it  appears  that  it  is  not 
*'  practicable  to  clear  and  keep  open  the  channel  for 
«  shipping  coal  at  a  moderate  cost,  in  order  to  compete 
"  w  ^  the  colleries  ou  the  Flintshire  coast  Then  in 
"  such  case  it  is  only  to  the  construction  of  the 
"  Hooton  branch  of  the  Chester  and  Birkenhead 
"  Railway  that  we  can  look  to  develop  this  coal 
"  field."  This  report  was  made  four  or  five  years  ago, 
and  that  railway  is  now,  I  believe,  in  operation. 
The  Report  says.  "  The  Act  for  making  the  line 
*  is  passed,  but  the  London  and  Nratb-weaten 
"  and  the  Great  Western  Companies  have  not  yet 
"  found  capital  for  its  construction.  With  this 
'  branch  made  I  should  not  fear  establishiug  a  collieiy 
*'  vending  60,000  tons  per  annum,  averaging  a  sellbg 
"  price  of  7*." 

645.  That  is  the  commercial  part  of  it  ? — Yee. 
Now,  with  regard  to  those  borings,  I  think  I  could,  if 
it  were  of  any  use  to  the  Commission,  furnish  them 
with  a  report  of  those  borings.  Mr.  Tolson  White 
was  accompanied  by  Mr.  Davies,  who  is  now  out  of 
health,  but  I  wrote  yesterday  to  his  brother,  and  if 
there  is  any  report  of  the  borings  in  his  possession 
I  daresay  I  shall  know  something  of  it  to-moirow,  and 
if  I  find  them  they  are  very  much  at  your  disposal 

646.  What  we  are  specially  inquiring  into  ben  it 
the  waste  which  takes  place  withregard  to  the piUan? 
—I  am  not  a  practical  man.  I  cannot  give  yon  txn 
useful  infoi'mation  upon  thac  part  of  tho  subject  I 
can  only  speak  to  the  explorations  which  I  caused  to 

'  be  made  at  Park  Gate ;  and  if  I  can  obtain  any  fhrUier 
information  with  reference  to  the  boi'ings  it  will  be 
quite  at  your  disposal. 

647.  {Mr.  fVoodhonse.)  There  is  one  place  near  to 
your  Lordship's  property  where  I  have  been  told  that 
water  broke  iuto  some  workings  under  the  Dee;  yon 
know  Baggilt? — -Very  well, 

648.  There  is  a  place  upon  there  on  Sir  John 
Hanmer's  estate  called  the  Boot  Colliery  ? — I  know 
it  perfectly. 

649.  I  have  heard  that  water  broke  in  there  from 
working  too  near  the  estuary,  but  I  do  not  know  the 
fiicts  in  detail  ? — ^Indeed  I  have  nothing  to  do  with 
them  myself.  I  only  know  it  from  faearsqr.  The 
water  broke  in,  I  know,  and  the  works  were  in  con- 
sequence stopped. 

650.  And  they  have  not  been  resumed,  I  think  ?-— I 
believe  there  is  a  great  body  of  water  on  the  land  side 
also  that  atifects  it.  I  have  so  vnderatood,  bat  I  cannot 
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8&7.  I  faave  eome  mterest  near  Flint,  at  a  rexr  little 
distance  from  tlience,  bnt  i  have  nothing  immediately 

at  Baggilt 

651.  {Mr.  Geddes.)  Does  }'our  Lordship  know  the 
an^e  at  which  the  coal  beds  lie  under  the  estuary  of 
the  Dee  ?— I  do  not. 

652.  (Chairman.)  Those  seams  which  I  have 
named  are  being  actively  worked,  are  they  not  ? — ^Yes  ; 
they  have  been  actively  worked  for  a  long  time,  and 
to  the  best  of  my  belief  I  have  understood  that  about 
one  wu8  left.  Takiug  the  rise  as  sometluDg 
under  100,000  tons  a  year,  uiere  is  thai  lunoont  left 
waste. 

653.  (Mr.  Geddet.)  Have  yon  ever  heard  a  reason 
assigned  by  practical  people  for  leaving  so  large  a 
proportion  r — For  secuiity's  fake  ;  from  an  appre- 
hension of  the  water  of  the  river  breaking  in  ? — As 
I  mentioned  to  the  Chairman  juHi,  now  I  i-eraeiuber  an 
an  instance  25  years  ago  of  the  sea  bi-ediing  iu. 

His  Lordsh 


654.  (Jfr.  Woodhoute,)  Is  there  a  daose  in  the      C  23 
lease  compelling  them  to  leave  that  {ffoportiou  of  the  JIm^mi 

coal  ? — Yes.   

655.  They  are  bound  to  leave  one  half  ?— Ycss.        18 IBM. 

656.  {Chairman.')  Of  course  a  clause  in  a  lease  is 
merely  an  arrangement  entered  into  between  two 
pai'ties  ;  you  may  make  any  condition  yon  like  with 
your  tenants  ? — Yes, 

6o7.  You  stated  that  the  bore-holes  were  pat  down 
in  the  sand  ? — Yes,  in  the  sand. 

658.  Which  is  overflowed  by  the  water  at  high 
tide  ?— Yes. 

659.  Is  not  tliat  rather  making  a  hole  to  let  prater 
dowu  into  the  ooUier^  when  those  seams  ecme  to  be 
worked  ? — ^I  am  afraid  it  was  done  in  a  slovenly  and 

irapei'fect  manner. 

660.  If  you  do  not  know  the  condition  of  those 
holes,  they  become  tubes  for  letting  the  sea  down  as 
soon  as  the  colllety  comes  to  be  occupied  ? — They  do. 

)  withdrew. 


Gkobob  CLEHEin-aoH  Gbxenwell.  Esq.,  of  Foynton,  near  Stockport,  examined. 
No.  I.  The  »3^tem  of  working. 


661.  (Chairman.)  I  believe  that  you  have  had 
experience  as  a  mining  engineer  and  colliery  manager 
in  different  parts  of  the  kingdom  ?— Yes ;  in  North- 
umberland and  Durham,  in  Gloucestershire  and 
SfHoerset^ire,  in  South  Wides,  in  North  Stafford- 
shire, and  in  Cheshire,  and  Lancashire. 

662.  I  believe  in  some  of  those  districta  yon  have 
had  the  actual  management  in  your  own  hands? — 
That  has  been  the  case  in  Northumberland  and 
Durham,  and  also  in  Somersetshire  and  Cheshire. 

663.  And  you  can  give  the  Commission  specific 
information,  can  you  not,  with  regard  to  those  three 
coal  fields  ? — I  can  do  so. 

664.  First  as  regards  Cheshire,  whei-o  I  believe 
you  are  the  manager  of  the  Piiynton  and  Worth 
collieries  ? — ^Yes,  befonging  to  Lord  Vernon. 

665.  What  seams  of  coal  do  you  work  there  ? — 
The  seams  of  coal  that  we  are  at  present  working 
are,  the  4-feet  seam,  the  5-feet  seam,  and  the 
accommodation  seam. 

666.  And  what  seams  are  there  that  are  passed 
through  and  left  unworked  ?~— The  10-feet  seam  has 
been  passed  through  and  partially  worked,  the  2-feet 
seam  has  been  passed  through  and  not  worked. 
Those  both  lie  above  the  4-feet  seam,  and  above 
the  5*  feet  seam  there  is  a  seam  called  the  18-inch 
seam  not  worked,  below  the  5-feet  seam  a  seam  of 
coal  2  feet  Uiick  which  is  not  worked,  and  below 
that  is  a  seam  called  the  gees  mine,  which  has  been 
partially  worked,  below  that  is  a  seam  called  the 
reform,  which  has  been  partially  worked,  below  that 
there  is  a  seam  called  the  accommodation,  which  we 
do  work  now  ;  that  is  the  lowest  seam  we  work. 

667.  Then  what  is  the  aggregate  thickness  of  coal 
which  is  now  being  worked,  and  what  is  the  aggregate 
tliickness  that  is  not  now  being  worked,  taking  all  the 
seams  together  ? — 15  feet  of  coal  is  being  worked,  and 
about  17  feet  is  being  left  nnwoi-ked. 

668.  So  that  rather  more  than  half  is  now  being 
left  nnworfted  ? — Yes. 

669.  What  is  the  inclination  of  those  strata  ? — It 
varies  from  1  in  18  to  1  in  6 ;  towai-ds  the  dip 
it  is  flatter. 

670.  Have  you  reached  imy  great  depth  in  the 
workings  yet  ? — ^The  lowest  depth  at  which  we  work 
is  about  260  xards. 

671.  I  think  you  work  against  the  red  rock  fault? 

—Yes. 

672.  Do  you  find  that  the  seams  deteriorate  at  all 
as  they  go  against  it  ? — No. 

673.  They  neitiiei*  thicken  nor  tiiin  ?-^No  ;  there 
is  not  much  difference. 

674.  What  is  your  system  of  working  tiiesB  seams  ? 


—The  system  on  which  we  work  is  what  is  called 
the  Lancashire  system  of  working,  which  will  be 
explained  by  this  digram  (producing  a  diagram). 
We  drive  a  pair  of  drifts  on  the  level ;  we  also,  at  a 
distance  of  150  yards  from  this  pair  of  drifts,  drive 
another  pair  of  drifts  to  the  boundary  ;  these  two 
pairs  of  drifts  being  parallel  to  eadi  other,  that 
boundary  being  eiUier  the  boundary  the  royidtj 
which  we  work,  en*  some  fault  which  separates  the 
royidty  into  proper  districts'  At  a  distance  of  about 
100  yards  back  from  the  boundary  we  make  a  com- 
munication between  these  two  levels,  and  out  of  that 
communication  we  drive  at  distances  of  from  20  to 
25  .yards  apart  levels  across  to  the  boundair.  We 
then,  when  we  have  got  to  the  boundary,  make  com- 
munications between  these  intermediate  levels,  and 
begin  by  slicing  next  to  the  boundary  from  the  level 
towards  the  rise,  taking  ofl*  slice  by  dice  as  we  come 
back,  each  slice  being  about  ux  yards. 

675.  That  would  not  he  the  system  you  are  ac- 
customed to  in  the  North  of  England  ? — 'No. 

G76.  Having  tried  this  system,  do  you  see  uiy 
reason  to  be  dissatisfied  wi^  it  ? — I  see  no  reaaoa 
for  being  dissatisfied  with  it,  except  that  commercially 
there  may  be  an  objection  to  it  on  account  of  the 
time  which  is  occupied  before  yon  can  begin  to  get 
bock  the  capital  you  have  expmded  in  carrying  it 
out. 

677.  That  is  the  case  only  at  the  coounaieement 
of  tibe  colliery  ? — If  the  distaooe  waa  considwable, 
although  it  would  be  only  at  the  omnmenoemen^  it 
might  prolong  the  time  for  a  year  or  two  befinto  any 
return  was  mode. 

678.  But  that  would  be  only  at  the  commence- 
raent  ? — Yes,  only  at  the  commencement 

679.  Having  once  made  a  commencement,  all  the 
outlay  would  be  made  in  anticipation  of  the  time 
when  the  openings  would  be  wanted?— Tes. 

680.  That  is  the  only  objection  to  that  system  ? — 
That  is  the  only  objection  I  have  to  it.  I  think  l^ere 
are  points  in  favour  of  it. 

681.  Some  of  the  points  in  favor  of  it  are,  that  you 
will  prevent  the  piUars  being  crushed  ? — Yes,  to  a 
certain  extent,  bat  not  to  the  full  extent,  because  in 
beginning,  for  instance,  at  a  distance  back  irom  the 
face  of  100  or  200  yards,  and  making  the  intermediate 
levels,  to  a  certain  extent  it  converts  that  100  yards 
into  a  mass  of  pillars,  and  uppn  those  pillars  there  is 
a  crush  thrown  in  tiie  bringing  back  of  the  coal  from 
the  faces. 

682.  I  see  by  the  sketch  from  which  you  are  giving 
your  evidence  that  the  tipper  ranks  are  leading  ?~. 
Yes,  we  work  it  in  tliat  way. 

683.  If  you  kept  Uie  lower  ranks  in  one  line,  or 


Q.  C.  Grtm- 
vtU,  Etq, 

18  Jaaa  186& 


U  u  4 


Digitized  by 


Google 


386 


G24 

G.  C.  Grem- 
18  Jnw  186^ 


Flaw  of  Hbthod  adopted  in  Wobuko  CoiIL  in  OhealifK. 
Scale  100  yudi  to  one  ineh. 


|a^afclJM^JJJg^L';^^^^.-'.\^■v:■.^-i^^sl■.■.^.■ 


the  lower  ranks  leading  a  little,  would  you  not  throw 
very  much  of  this  weight  on  to  the  old  workings,  and 
relieve  these  lower  pillars  of  the  pressure  which  they 
now  get  ? — ^You  will  see  that  in  this  ease  there  are 
two  districts,  and  we  generally  keep  the  upper  ranks 
a  little  leading,  as  you  were  saying,  in  this  part 
( pointing  to  the  diagram),  and  in  this  district 
{pointing  to  the  diagram)  you  will  observe  that 
there  is  only  a  very  short  diatance  leading,  namely, 
fhuu  here  to  here. 

684.  That  is  ^at  we  call  tiie  echelon  ?~Yes. 

685.  £uch  upper  ruik  is  leading,  how  much  ? — 
A  few  yards ;  each  pillar  upon  a  higher  level  than 
the  pillar  in  the  working  below  is  leading  a  fbw 
yards,  perhaps  three  or  four  yards. 

686.  You  are  aware  that  of  late  years,  perhaps 
since  inspection  commenced,  and  these  matters  have 
been  a  little  more  talked  about,  and  there  have  been 
more  means  of  comparison  between  different  districts 
and  the  different  syiitems  of  workiog,  the  Lancashire 
tystem,  which  you  are  now  following,  is  being  in 
several  collieries  abandoned  ;  that  is,  so  far  as  regards 
having  the  upper  ranks  leading,  and  that  the  workingf 
faces  are  all  kept  in  one  line  ?— Yes,  I  understand  so. 
Of  coarse  you  can  lay  down  no  i^>ecial  rule  that  shall 
be  equally  applicaUe  to  all  seams  of  coal.  We  bave 
tried  both  ways  of  working,  and  we  find  it  answer 
best  to  keep  the  upper  levels  a  little  leading  in  the 
way  I  speak  of. 

687.  I  am  aware  that  there  are  many  advantages 
in  point  of  working  in  having  the  upper  ranks 
leading  ;  one  advantage  is,  that  each  workman  gets  a 
more  secure  place  for  his  tram  to  stand  iu  for  filling 
-  the  coal ;  but  you  must  set  against  that  the  dis- 
advantage of  crushing  the  pillwa.  It  is  found  in 
Iffactice  that  a  place  may  be  secured  by  gob  walls,  and 
the  coal  much  less  crushed  ? — That  may  be  so. 

668.  What  width  do  yon  have  for  each  working  ? — 
Six  yards. 

689.  How  many  men  do  you  put  in  that  distance  ? 
—Two  men ;  it  may  vary  ;  it  may  be  two  or  three. 

690.  You  economize  your  pit  room  by  those  inter- 
mediate levels  ? — Yes. 

691.  You  have  the  expense  of  driving  the  inter- 
mediate levels,  but  the  advantage  gained  in  giving 
you  more  pit-room  more  than  counterbalances  it  ? — 
We  have  niore  harrow  work  in  this  system  of  work- 
ing in  the  mine  than  they  have  in  the  pillar  and  stall 
way  of  working,  because  there  is  a  certain  portion 
of  coal  in  the  pillu-  and  stall  way  of  working  that  is 


uot  got  by  narrow  work  (it  is  paid  for  as  wide  work) ; 
whereas  in  point  of  fact  we  have'  botii  in  tiie  cron 
headings  and  in  the  level  headings  all  narrow  vrotk. 
Therefore  upon  the  whole  we  have  more  narrow 
work  by  our  system  than  they  have  on  the  pillar  and 
stall  system. 

692.  Arc  you  catvAil  not  to  drive  those  inter- 
medii^  levels  till  they  are  wanted?— That  is  ov 
system. 

693.  You  do  not  drive  them  at  first,  and  leave  them 
to  become  crushed,  and  have  to  ret^n  them  when  thuj 
are  wanted  ?— No.  I  will  give  an  instance  of  what 
we  are  doing  now.  We  have  driven  down  to  the 
deep  a  distance  of  900  yards;  400  yards  down  we 
have  driven  a  pair  of  levels  for  a  distance  of  700 
yards  across  to  a  fault,  and  from  the  level  of  the  pit, 
at  a  distance  of  400  yards  from  the  shaft,  we  drove  & 
pair  of  dip  bcadings  to  meet  these  levels,  therefort 
we  left  a  square  block  of  coal  400  yards  each  wnjr 
untouched.  From  a  point  midway  down  the  dip  head- 
ings we  have  set  away  a  pair  of  levels,  which  cm- 
municate  again  at  a  distance  of  200  yards  with  the 
shaft  levels  and  400-yard  levels.  This-last  named 
communication  from  rise  to  dip  is  80  or  90  yards 
distance  from  the  boundary,  and  in  that  80  or  90 
yards  distance  we  drive  aU  the  intermediate  levels 
20  yards  apart.  We  are  just  beginoing  to  take  off 
the  slices  there,  so  that  we  have  left  600  yards  bjr 
400  yards  of  solid  coal  behind  ns,  besides  80  or  90 
yards  of  pillars. 

694.  In  some  of  your  seams  you  have  a  Ur^ 
quantity  of  fire  damp,  J  bdiever— A  considenible 
quantity. 

695.  Do  you  find  that  this  system  of  woiUng 
enables  you  to  deal  with  that  fire  damp  on  the 

advantageous  plan  ? — I  think  so.  There  was  a  li*"^ 
more  difficulty  at  first  in  making  the  communicstion^ 
across  than  there  would  have  been  otherwise ;  I)"' 
there  was  no  great  difficulty  then,  and  when  once  i^e 
had  got  them  across  we  found  the  fire  damp  muef 
more  easy  to  deal  with  than  it  is  on  the  other 
system. 

696.  (Mr  Geddes.)  Which  are  those  eem&  whic'' 
yon  have  spoken  of  to  which  that  plan  applie*  ?— ^ 
follow  the  same  system  of  wmrkiog  in  the  fom-'f 
seam,  the  five-feet  seam,  and  the  aecoBunoastion 
senm,  which  are  the  seams  we  are.  at  prW 
working. 

697.  Wliat  is  the  angle  of  inclination  of  t^ 
seams  ?— Where  we  are  working  the  tour-foet 
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and  the  five-fiact  seam  the  incUnattoa  u  one,  in  six. 
Where  we  are  working  the  accommodation  seam,  in 
a  different  diatrict  in  the  dip  workings,  the  incUoa- 
tion  is  one  in  18,  and  in  the  rise  portions  of  the. 
same  seam  there  is  aa  inclination  of  about  one .  iv 
■ix. 

698.  If  I  gather  rightly,  your  system  would  seem 
to  approach  a  good  deal  to  the  long-wall  workiug 
ultimately  ?-^It  is  a  sort  of  modified  long-wall  way  m 
working.  I  can  soarcdy  go  quite  so  lar  as  to  say 
that  it  IB  that  system,  but  it  is  so  to  a  certain  extent, 
that  is  to  say,  it  is  bringing  the  general  &ce  agunst 
the  solid. 

699.  Hare  you  in  your  district  where  this  is  done 
any  long- wall  workin{^  strictly  speaking.  I  mean  by 
that,  t^ne  it  all  out  as  you  advance,  and  not  coming 
backwards  ?— Yes  ;  there  is  ,a  small  colliery  about 
three  njiles  from  us  wfa^re  they  work  a  aeaxa  of  coal 
two  feet  three  inches  thick  in  that  way.  We  are 
goii^  to  i^>en  out  a  seam  ourselves,  ihe  gees  seam,  in 
that  way.  There  are  two  feet  of  top  coal,  a  band 
wring  from  eight  to  12  inches  below  that,  and  12 
in^es  of  coal  below  the  band.  We  are  going  to 
wwk  that  seam  on  the  Img-wall  system. 

700.  Then  of  the  two  ayetems^  on  tha  one  hand, 
that  whidi  yon  haiEe  descnbed  so  minutely,  and  on 
the  other  hand  the  long-wall  system  as  adopted  in 
your  district,  do^  yon  give  the  preference  to  the  long- 
wall  system  or  to  your  own,  as  giA'tug  out  the 
greatest  proportion  of  coal  ?-^Genendly  speaking,  I 
should  give  the  preference  to  the  long-wall  system 
for  getting  the  greatest  propration  of  coal ;  but  you 
have  to  adopt  a  system  according  to  the  condition  of 
seams  of  coal  you  are  working.  Some  seams  are 
better  worked  on  the  one  system  than  on  the  other; 

701.  Do  you  consider  that  upon  this  system  yoq 
work  upon  the  whole  cheaper  than  you  could  upon 
the  long-wall  system  ? — JU  regards  these  seams  I 
think  BO,  but  not  as  regards  the  seam  we  are  going  to 
w(H*k  on  the  long-wall  system,  because  there  we.  diall 
have  plenty  of  Baaterial  to  pack  with.  ,. 

702.  What  is  the  floor  ?— It  is  a  bed  of  fire  eli^, 
but  it  will  not  make  bricka. 

703.  And  the  nx^? — The  roof  is  a  Una  shale ;  it  ii 
tol6i'ably  good. 

704.  What  did  yoa  say  was  the  angle  of  inclina- 
tion of  the  dip  ?T— From  one  in  18  to  one  in  six. 

705.  Is  tbia  ao  actual  plan  ?— No ;  it  is  not  the 
aotaal  ^au,  b«t  iA  might  be  taken  flrom  ^e  actual 
plan. 

706.  It  i^owsthb  system  adopted? — Tea;  itistha 
same  system  as  we  adopt  praetieolly. 

707.  Have  yon  calcatated  the  quantity  of  coal 
wasted  by  crushing  upon  this  system,  as  compared 
with  the  system  described  by  the  Chairman,  so  as  to 
give  the  proportion  ?— No,  I  have  hot ;  it  is  not  a 
very  easy  matter  to  do  that,  because  you  can  only 
have  the  fact  of  what  you  are  octuidly  working  ;  yoa 
can  only  estimate  what  it  would  be  under  any  other 
system  of  working. 

706.  I  am  not  sure  whether'  you  have  tried  both 
systems  or  not  ?— The  oflier  system  was  tried  ;  they 
woriced  them  together  before  I  came.  It  occurred  to 
me  tliat  it  was  a  better  system  than  the  system  we 
did  adopt,  but  they  told  me  that  they  had  tried  it,  and 
that  it  did  not  answer  at  all. 

709.  That  system  being,  as  I  understood  the  Chair- 
man to  say,  that  those  levels  driven  up  were  in  both 
cases  (dike,  but  the  working  faces  between  each  level 
are  left  on  the  line,  and  all  brought  back  together  ? — 
Tea ;  that  was  the  system  Uie  Churman  was  speaking 
about. 

710.  {Chairman.)  Could  yoa  in  a  few  words 
describe  the  system  of  working  .  in  Somersetshire 
generally  ? — It  is  eutirely  long-wall  work,  pure  and 
simple^  but  the  seams  there  are  veiy  thin  ;  there 
were  six  seams  worked  there  ;  the  thidcest  seam  was 
about  two  feet  three  incheo,  and  the  thinnest  was  about 
14  inches,  I  have  a  aection  of  thoee  seams  here 
{^producing  the  same). 
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711.  Will  you  tell  us  what  are  the  seams  which       Q  35 
are  now  being  worked  there? — Yes.    The  ul>per-  c..C.Gretm' 
most  is  called  the  great  vein,  and  is  2  feet  2  iocties     wdl,  £tg. 
thwk.    Then  there  is  lOfiithoms  of  ordinary  coal  "-rr-^ 
strata  between  tbe  great  vein  and  the  top  little  vein. 

llien  the  top  little  vein  1  foot  44.  int^es,  then  12 
fathoms  of  coal  strata,  then  the  piddle  vein  2  feet ; 
then  coal  strata  19  fathoms.  Then  the  slyvipg  vein 
2  feet  3^  inches ;  coal  strata  12  fathoms,  wdtoin 
little  vein  1  fbot,  2  inidies  ;  coal  strata  eight  fathoms. 
Bull  vein  2  feet  inches.  That  makes  about  11 
feet  of  coal  worked  altogether. 

712.  What  seams  have  you  overlying  those,  or 
which  are  passed  through  and  lefl  unworked  ? — 
There  ore  none  overlying.  There  is  &  little  .seam 
which  is  of  no  value  at  tdl  passed  through  in  going 
through  to  this  great  vein,  and  there  is  also  a  litt^ 
Beam  below  the  bottom  seam  about  a  foot  thick, of 
veiy  inferior  coal,  but  there  is  no  intermediate  s^aiii 
left  unworked. 

713.  You  are  working  all  the  seams  ycu'  men- 
tioned ? — Yes. 

714.  What  is  the  thinnest  seam  you  work  ?~One 
foot  2  inches. 

715.  What  depth  have  you  reached  in  the  work- 
ing of  Bueh  thin  seams  as  .I  fbot  2  inches  I — ^At  ^ad- 
stock  oolliery  the  ^at^t  depth  is  about  175  J^oms, 
but  seams  of  a  smiilar  thickness  have  been  v^qrke^ 
in  the  nei^boorhood    a^ift  210  ^i^tns.       .  ' ' 

716.  The  general  system  practised  Id  the  long-wall 
system? — Yes,  '  . 

717-  And  that  is  found  to  anewQ;- wetif  ' for  those  ' 
seams  ? — Yea  j  it  is  found  to  answer  very  well  for 
those  seams  ;  an4  there  is  under  each  of  those  seams 
a  sort  of  sofi  underclay  in  wbiclj  tbe  jnoen  hole,  and  a 
very  lai^  proportion  of  coal_  is  goj!  oiit  of  th^pe 
seams  in  consequence.  ^ 

718.  Bo  you  hole  underneath  th^  cool  m  getting 
it,  that  is  to  Bfij,  in,  mining  ? — Yes,, underneath  the 
cmL 

719.  {Mr.  G«4de9.)  You  gtjt  all  the  coal,  on  the 
long^ll  system  ? — ^Yes. 

rao.  Ii  tbe  bmg-wall  ^rstem  the  best  for  all  the 
ether  seams  which  are  in  wmfchig  Yes;  in  Scnner- 
Betchire;  it  is  the  system  adt^ted  throughout  the 
whole  district. ' 

721.  {Mr.  fVoodhouse.)  You  think  that  that  is  the 
most  desirable  system  that  could  be  adopted  in 
Somersetshire  ? — ^I  do  not  think  Hob  coal  could  be 
worked  there  on  imy  other  ayatem,  nnlesB  there  was 
80s.  a  ton  to  be  got  for  the  cool. 

722.  {Sir  miUam  Armstrong.)  Do  I  undersiaud 
you  rightly  that  the  minimum  tldokueas  the  aeuu 
that  yoa  work  is  14  inches  7 — ^Yes, 

7^8.  HoiW  many  teams  altogether  did  yon  enumerate 
juBt  wm  ?*-Six. 

724.  Andout'of  fhat  rix,  how  many  ave  wd^r  two 
feet?— Two. 

725.  One  of  14  inohes  oad  the  other  how  mueh  ?^ 

One  foot  4^  inohes. 

726.  Is  tbe  «oil  of  those  thin  teamn  of  uiy  sp^^ 
quidi^  ? — "So  I  it  is  all  used  for  household  purposes. 

727.  Do  you '  consider  that,  generally  speaking,  a 
seam  of  onfy  1  fbot  2  inches  can  be  worked  at  a 
profit? — ^It  dqienda  entirely  upon  tfie  selling  price  of 
the  coal.  '  " 

728.  Then  is  the  selling  price  in  your  locality 
higher  than  it  is  generally  ? — ^Yea.  This  coal  field  is  a 
long  way  removed  from,  other  coal  fields,  and  that 
makes  the  railway  charge  upon  other  coals  so  high 
that  it  allows  a  good  price  to  be  obtained  for  those 
coals. 

729.  Then  it  is  in  conaegnencftof  a  high  price  pre- 
vailing in  the  loc^ty  Umt  yen  are  enabled  to  woi4 
these  thin  seams  ? — ^Yes;  there  is  no  question  about  it. 

730.  What  is  the  greatest  depth  that  you  work  it  ? 
— ^At  Lady  Waldegrave'a  ooUiwiee  we  week  to  a  depth 
of  about  175  fathoms,  but  similar  coals  are  worked  at 
a  depth  of  208  fathoma  or  210  fathoms  in  the  imme- 
diate nei^bonrhooH. 
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O.  C  Gnm-  tjatem  ? — Tee,  entirelj.  - 

^  782.  When  the  depth  is  the  greatest,  do  yon  find 

18  JubTsu.         ^^^^y  ^  crash,  and  produce  smiUl  coal  ? — "No. 

783.  Can  joa  get  the  same  proportion  of  large  coal 
at  a  greater  depth  as  yoo  can  at  a  less  depth  ? — TeSf 
I  do  not  know  that  it  makes  any  great  di&renoe  ;  of 
coarse  that  is  as  regards  certain  seams ;  the  seams  are 
not  an  eqnally  hard. 

784.  Id  wiurking  those  Ycry  fliin  seams,  ^utt  thick- 
nen  of  material  do  you  take  out ;  how  mach  of  the 
bottom  and  how  much  of  the  top,  in  addition  to  the 
thicknesB  of  the  coal? — ^Perhaps  4,  or  5,  or  6  inches. 

735.  Then  Ib  the  total  height  the  men  have  to  work 
in  only  the  tbicknes  of  the  seam,  plus  6  inches  ? — In 
many  cases  it  is. 

73^6.  Can  they  work  in  a  depth  of  less  than  2  feet  ? 
— Tes,  COTtfunly. 

737.  Is  there  any  difficult  with  the  ventilattoQ 
onder  such  circumstances  ? — ^No.  If  there  was  fire- 
damp then  would  be  a  difficulty,  but  they  have  no 
flre-damp  there  at  all,  and  therefore  it  does  not  require 
the  great  amount  of  rentilation  which  there  is  in  fire- 
damp colliaies.  They  have  a  sufficient  Tentilation  to 
keep  the  places  fiiirly  clean. 

738.  (Mr.  Geddet.)  Do  yon  know  the  selling  |nice 
of  coal  in  that  dictrict  ? — ^At  the  pit  it  is  about  lOv.  or 
11«.  a  tout 

739.  What  difference  of  cost  do  yon  find  in  working 
this  coal,  as  compared  with  what  you  spoke  of  in 

,  Cheshire,  per  ton  ? — The  wages  in  that  district  are 
low,  and  considering  the  lown^  of  wages  paid,  in 
many  cases  the  cost  of  working  the  coal  is  veiy*  much 
lower  than  you  would  expect,  but  I  think  the  cost  of 
working  out  the  coal  there  may  be  taken  at  about 
something  like  Bs.  a  ton. 

740.  That  is  in  Somersetshire  ?~-Tee,  ineloding  aU 
cost  of  materials  and  evonihii^. 

741.  And  royalty  ? — Yea,  Indnding  royalty  also. 

No.  2.  Cifal  produced  per  foot  per  acre. 

742.  ( Chairmam.)  In  Gheehir^  when  the  ground  is 
elear  of  faults,  and  tikere  are  no  natural  difficulties, 
what  is  the  tot^  produoe  of  coal  per  foot  per  acre  ? — 
I  have  taken  out  for  the  last  84  years  die  qnaatity  of 
ooid  that  we  haire  worked  per  root  thkk,  of  the  num- 
ber of  acres  that  we  worked  and  I  find  tlut  we  got  a 
{wodoce  of  1,261  tons  per  foot  per  acre. 

748.  Per  statute  acre  ?— Yes. 

744,  Could  you  tell  us  what  proportion  of  that  was 
large  co^  ?  In  the  evidence  we  have  had  previously, 
that  coal  has  been  called  lai^e  which  would  not  pass 
through  a  mesh  of  j  of  an  inch,  and  that  was  called 
small  which  passed  throng  a  mesh  of  from  ^  to  }  of 
an  inch  P — l^e  answer  I  must  give  to  that  question 
is  this.  The  ^jrstem  prevailing  in  the  district  up  to 
the  lime  my  going  into  the  n^ghbonrbDod  was  only 
to  make  two  deacriptiona  of  gmI,  one  la^  hand- 
picked  coal,  called  Iwnse  coal,  and  uiother  a  sort  ctf 
mixed  coal,  whioh  was  used  by  the  foctories,  called 
locally  bnigy,  which  contained  large  pieces,  periiaps 
as  lai^e  as  your  two  fists.  The  per-centage  in  that 
ease  of  lai^  coal  was  something  l&e  about  one  third 
of  !the  whole,  and  tho  per-centage  of  the  bui^  was 
about  two  thirds  of  the  whole.  I  am  speaking  now  of 
the  time  when  it  was  only  divided  into  house  coal  and 
bnrgy.  Since  my  going  there  I  have  put  up  somO' 
screens,  the  distance  between  the  bars  being  about  an 
inch.  We  found  Uiat  it  would  be  too  great  a  transition 
to  go  from  the  sale  of  bnrgy  with  those  large  pieces  in 
it  to  a  very  fine  screen,  and  therefm  we  were  obliged 
to  feel  onr  way,  by  putting  up  a  screen  whioh  was  sot 
very  fine,  in  foot  such  a  screen  as  I  lave  described. 
I  found  when  we  b^sn  screening  it  in  that  way  tiiat 
of  large  coal  uid  hmgj  t(«ether  put  over  the  screen 
abont  eo  per  cent,  passed  uirongh  tbe  screen,  and  we 
got  about  50  per  cent  of  screened  coal. 

746.  In  getting  this  quantity  per  ^t  per  acre,  yon 
cannot  stow  much  of  thesmaUooal;  do  yon  stowany? 
— We  do  not  stow  any. 


746.  Do  yon  leave  any  coal  behind 'for  {dUars;  tot 
tai  ways  ? — No,  we  do  not  leave  any. 

747.  On  your  system  of  working,  you  do  not  require 
to  leave  any?— Any  pillars  we  leave  are  only  tem- 
porarily left  until  we  come  back. 

748.  By  wen-king  to  the  far  end  first  yoa  avoid  any 
crush  npon  the  pilurs  ?— Tes ;  with  the  ezcmtioo  trf 
the  crush  npon  the  pillars  next  to  the  fiice.  We  avoid 
any  crush  upon  the  baek  piDan ;  in  foot  we  have  no 
back  [Hilars  to  crush  upon. 

749.  In  the  seams  yon  are  working,  is  any  of  the 
coal  left,  on  account  of  bad  roof  Or  of  sof^  floors  ? — No  ; 
there  has  been  uo  coal  left  on  account  of  bad  rtxrfB  or 
soft  floors  during  the  time  that  I  have  been  there. 
There  have  been  occasionally  pieces  of  coal  left  where 
it  has  been  so  bad  that  it  was  not  fit  to  w<a-k. 

750.  Where  it  was  damaged  by  a  fault  ?— Yes. 

751.  But  there  has  been  none  1^  as  what  we  esll 
posting  coal  ? — No. 

752.  Are  there  any  beds  left  on  account  of  there 
being  so  much  earth  between  the  seams  ?— No.  I 
chink  in  this  bottom  seam  we  are  wtn-king  now,  that 
u  the  aoemnmodation  seam,  there  are  abont  time  feet 
of  top  coal,  and  four  feet  of  coal  whidk  we  wnk 
beneatii  witik  about  six  feet  of  earth  between  then, 
but  that  does  not  p«vent  us  from  working  both  fits 
top  nnd  the  bottom  coal. 

753.  Are  any  of  the  seams  you  are  leaving  left 
because  they  are  not  of  the  kind  that  Is  in  demand  in 
the  market  ? — ^No;  in  the  5-feet  seam  which  we  woric 
there  are  about  8  inches  of  cap  coal ;  that  is  left 
because  it  is  such  a  mixture  of  coal  and  stone  that  it 
is  not  worth  anything. 

754.  It  will  not  tram  ? — ^We  use  a  little  to  calcine 
ironstone,  bnt  it  is  of  no  otiier  nse,  we  cannot  eveo  nee 
it  f(H-  our  en^es. 

755.  Have  you  to  leave  any  barriers  against  water  ? 
— ^We  have  not  done  so  hitherta  We  have  some 
water  against  ns  in  the  gees  seam  that  we  shall  he 
wmrking  shortiy,  bnt  we  lAall  explore  1^  agidnst  the 
water,  and  let  the  water  off,  we  shidl  not  leave  any 
barrier  i^ainst  it. 

756.  Of  this  coal  which  you  get,  what  proportiwi 
will  be  used  for  colliery  consumption  ? — About  6  or 
7  per  cent,  perhaps.  What  we  use  for  colliery  con- 
sumption is  about  8,000  tons  in  the  year,  but  I  can 
scarcely  put  it  upon  a  per-centage  because  tiie  quantity 
does  not  run  hand  in  hand  witii  the  quanti^  coal 
worked.  The  quantity  of  ooal  consumed  would  be 
the  same  if  we  were  working  a  comparatively  small 
as  if  we  were  wozidng  a  large  quantity,  because  the 
engines  would  be  going  all  the  same  in  either  c^ 

757.  As  it  is,  yon  are  selling  abont  94  pw  cent  of 
the  coal  that  is  got,  and  the  rest  is  used  in  ^ceXUkryl 
—Yes,  about  that 

758.  (Mr.  Geddes.)  Are  yon  bound  by  your  leaaes 
to  leave  banriers  along  the  marches  ? — Lord  Vemoa 
is  the  proprietor  of  the  ooal  as  well  as  the  woiker  of 
it 

759.  Then  you  do  not  leave  any  ? — ^No. 

760.  Is  it  customary  in  that  country  to  leave  hti- 
riers  along  the  marches  ? — Tes  ;  it  is  customary  in  the 
district  for  the  workers  of  coal  lying  in  the  dip  to  pro- 
tect themselves  against  coal  lying  on  the  rise;  but  I  do 
not  think  it  is  a  general  custom  for  the  landlod  on  the 
rise  to  inust  upon  similar  protection,  that  is  to  say, 
upon  barriers  being  left  upon  the  dip. 

761.  I  speak  of  tiie  boundaries  ? — ^Tes ;  I  am  taUtiag 
of  the  rise  boundaiy  and  lite  dip.  I  say  it  is  not  the 
universal  custom  of  a  proprietor  of  coal  on  the  rise 
to  require  a  bairiertobeleft  on  the  £p  his  colliery, 
but  it  is  generally  the  custom  of  a  proprietor  of  dip 
coal  to  require  a  barrier  to  be  left  on  the  rise  side,  on 
account  of  the  water  on  the  rise  side. 

762.  How  many  seams  of  coal  does  this  quantity  of 
1,261  tons  per  foot  per  acre  include  ? — That  resalta 
from  the  working  of  the  three  seams  I  have  told  yon 
of. 

763.  (Mr.  Woodkorue.)  These  1,261  tons  are  the 
practical  result  of  the  woiking ;  it  is  the  tottA  amoant 
of  coals  sent  to  bank  ?— Tea, 
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764.  And  from  that  you  deduct  about  4  per  cent, 
which  is  not  sold  ? — Yoa  cannot  call  it  4  per  cent,  or 
6  per  cent.,  beoaose  the  per-oentage  will  vaiy  as  I  have 
said  according  to  the  quantity  got,  but  the  consump- 
ti<Ha  is  about  8,000  tons  a  year. 

765.  Is  it  custoQUury  to  supply  workmen  with  coal  ? 
— Yes  ;  but  thoy  haye  to  pay  a  price  for  it ;  it  goes 
into  the  coal  sold. 

766.  Then  the  deduction  will  probably  be  nothing 
more  than  for  engtoe,  coal  and  pit  bank  fire  coal  ? — 
YeSyjust  so. 

767.  The  more  you  draw  out  of  the  collieiy  the  less 
per-centage  wili  be  lost  ?— Yes,  precisely  so. 

768.  {Sir  miUam  4rmatrimg.)  I  collect  that  in 

r>ur  district  yon  really  luTe  no  waste  at  atl? — ^Yes. 
think  I  hare  said  that  there  was  1,261  tons  per  foot 
per  acre  got ;  there  would  be  about  ly550touiu  it  was 
aUgot. 

769.  What  is  the  waste  ?— I  think  there  is  about 
18  per  cent  not  got 

770.  Is  thqt  left  in  the  mine  ? — It  is  left  in  the 
mine  or  the  faults.  In  taking  off  those  slices,  perhaps 
there  is  a  little  piece  of  coal  left  for  purposes  of  support 
next  to  the  gob  ;  in  taking  *lice  by  slice  there  is  a  bttle 
cofd  left  next  to  'n^ere  a  &U  has  taken  place,  to 
{H^Tent  the  stones  from  falling  against  the  men  who 
are  working. 

771.  That  is  noaTOidalile  waste  ? — Yes  ;  it  ia  quite 
nnaToidable 

772.  Is  the  wh<de  of  the  ooal  brought  to  bank  sold, 
or  is  any  part  left  there  ? — No  ;  the  whole  is  sold  and 
consumed. 

773.  You  bring  to  bank  the  smallest  iriurt  they  call 
duff  in  the  north,  as  well  as  the  rest ;  yon  screen  at 

the  bauk  in  fact  ? — Yes. 

774.  Do  you  find  a  market  for  that  ?^Ye8  j  we 
find  a  market  for  the  whole,  but  we  do  not  moke  ai^y 
duff.  What  would  be  the  dnff,  as  they  call  it  in  the 
north,  is  mixed  with  what  passes  through  the  screen. 
AH  the  small  coal  goes  together  with  the  engine 
coal. 

775.  But  it  is  all  sold  ?— Yes. 

776.  ( Chairman.)  You  do  not  build  gob  walls  in 
getting  back  that  coal  ? — ^No. 

777.  Iq  suae  parts  of  Laucaibire  they  .are  Tery 
carefol  in  having  good  gob  walls  to  keep  (ha  might 
o^  and  to  have  tMse  .wiaU  pill^s  which  are  left  at 
each  jnncdtm  with  an  old  working  as  iimall  as  poMible  ? 
—Yes. 

778.  How  do  they  compare  in  Somersetshu'e  as 
respects  produce  per  acre  ? — In  Somersetshire  I  took 
it  very  carefully  one  year  (I  do  not  know  whether 
you  will  think  the  time  long  enough),  and,  according 
to  the  best  of  my  belief  upon  a  sort  of  fur  average  we 
got  1,385  tons  per  foot ;  it  is  108,703  tons  from  78-48 
acres  one  foot  thick. 

779.  I  Uiink  the  coal  in  Someisetshire  would  be  of 
rather  a  greater  specific  gravity  diui  tiie  ooal  in 
Chesliiie  ?— J  think  it  is. 

780.  But,  independently  of  that,  you  seem  to  get 
mam  by  the  lo^g-waU  system  which  is  adopted  tuere 
than  by  the  mo^fied  eyatem  of  long  wall  yon  have 
in  Cheshire  ? — ^Yea.  I  gmerallT  reckon  eoal  to  weigh 
about  80  Ibe.  a  foot  in  makug  theae  ealenlatimu 
that  if  sufficiently- exact. 

781.  Is  there  anything  special  that  you  would  state 
with  i«gard  to  Somersetshb^  under  this  head  ? — ^No, 
except  this.  You  asked  me  some  questions  about  the 
per-cwtage  of  round  coal  actually  got  out  of  . what  is 
brought  ont  of  the  mine.  In  Somersetshire  the  per- 
centage of  round  ooal  is  about  6  tons  of  large  for.  one 
of  small  sold ;  that  is  about  16}  per  cmt.  of  smaU. 

782.  What  do  you  call  imall  eoal  there  ?— That 
which  would  pass  Uiron^  a  screen  of  |  of  an  inch. 

788.  (itfir.  Geddei,)  What  waste  in  working  have 
yoa.^we  think  the  whole  of  the  ooal  la  got 
exoq;»t  jdwat  10  per  ami.  I  think  there  is  about 
10  per  cent  left  in  the  mine. 

784.  Whii^  you  cannot  g«t?— Yea ;  a  little  anuU 
coal  would  be  taken  out  with  this  holinfe  |ifirhiqNij 
which  would  be  thrown  back. 
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785.  Does  the,  same  aybiem  prevail  as  to  b^iriera      C  27 
in  Stnnersetshire  ? — ^Yea,  there  are  baniers  left  In  g.  C.  Gnat- 
Swnenetshire.  weB,  Eaqt 

786.  The  same  as  you  Iiave  spdten  of  in  Cheshire  ? 
— TSo  i  the  requirement  there  la  to  leave  a  barrier 
round  the  royalty. 

787.  Do  you  know  what  proportion  that  bears  per' 
acre  ? — No^  I  cannot  say.  Lady  Waldegrave's  royuty 
was  a  very  large  one,  and  the  question  did  not  come 
much  before  us.  Our  workings  were  not  adjoining 
to  the  boundaries  at  that  time.  There  would  have 
been  a  barrier  left,  probably  of  about  20  yards  in 
thickness,  that  would  go  round  the  estate  of  1,100 
acres. 

788.  That  would  be  a  very  large  loss  of  coal  ?— 
Yes,  very  connderaUe ;  but  what  I  have  been  speaking 
about  does  not  include  of  course  any  loss  frt^  that 
cause. 

789.  (Chairman.)  Could  this  barrier  that  you 
speak  of  running  round  the  whole  of  that  property  be 
recovered  hereafter  ? — ^Ko,  not  aU  of  it ;  some  of  it 
might  ;  but  I  shouhl  ihivk  it  mig^t  be  considered 
chiefly  as  a  loss. 

1^0.  3.    Order  of  vsorhing  the  seamt, 

790.  ( Chairman.)  In  working  these  coals  in 
Cheshire  do  you  work  in  a  dascending  order,  taking 
the  upper  seams  first  ?— No  ;  we  do  not  pay  any 
regard  t6  that  all. 

721.  What  effect  do  you  find  in  the  uppo*  mmis  ? 
— We  have  not  lost  any  coal  by  any  ^atem  of 
working  we  have  had  hitherto. 

792.  Do  yon  find  that  yon  ean  retom  to  tiiose 
which  yon  have  passed  throogh  ? — ^Yes ;  at  least  I 
know  nothing  to  the  oontmy.  I  do  not  know  that 
it  would  be  otherwise  ^  fbr  iiurtAne^  in*  tfie  district 
wfaOTe  the  aecommodatfon  seam  is  worked  (fhai  is  a 
deep  seam),  ibe  fiiur  foet  seam  and  the  five  net  seam 
had  been  woriced  many  years  ago,  the  seam  of  coal 
called  the  gees  seam,  which  liee  between  the  five  feet 
seun  and  the  accommodation  seam,  has  been  worked 
in  the  same  district,  but  the  reform  seam  in  the 
same  district  which  lies  between  the  five  fbet  seam 
and  the  accommodation  seam  is  all  entire.  We  are 
going  to  open  it  out,  and  I  do  not  anticipate  that  there 
wiH  he  any  difficulty  in  working  it. 

798.  The  proportions  of  1,261  tons  per  foot  per 
acre  which  you  get  are  not  quite  so  targe  as  some 
that  we  have  had  from  a  witness  who  was  wwking 
some  of  the  Lancashire  seams,  where  they  work  them 
in  descen^ng  order,  and  are  bound  to  do  so  In^  l^idr 
leases  ;  may  not  some  of  your  loss  arise  ftmn  the  ihct 
that  in  your  mines  yon  do  not  woric  in  the  same 
order  ? — I  cannot  say  yet  Until  we  come  to  work 
those  seams  which  we  have  left  I  cannot  say  what 
the  loss  will  be.  I  say  that  we  have  worked  seams 
irrespective  of  their  ascending  or  descending  order, 
leaving  other  seams  which  we  have  not  yet  worked. 
I  can  only  form  an  opinion  as  to  the  condition  which 
those  other  seams  will  be  in.  I  have  no  facts  to  go 
upon. 

794.  Who  is  there  to  dedde  as  to  what  will  be  a 
workable  seam? — The  pocket  of  tiie  proprietor,  I 
should  say. 

795.  According  to  whether  it  will  pay  or  not  ?« 
Yea ;  I  should  say  that  is  entirely  the'whole  queatira. 

796.  li  a  workable  team  considered  to  be  one 
which  would  work  and  pay  a  royalty  without  leaving  a 
profit  to  the  tenant,  or  nrast  the  coal  be  merchant- 
able at  a  profit  to  the  tenant  ? — It  must  be  Uie  latter, 
decidedly  ;  there  ia  no  question  abont  that, 

797.  It  must  be  mutually  advantageous  ? — ^Yes.  If 
the  public  says  that  a  seam  of  coal  which  does  not 
fulfil  those  conditions  should  not  be  left  unworiced, 
the  public  should  consent  to  pay  a  higher  price  for 
that  seam  of  coaL 

798.  Then  it  is  simfdy  the  profit  which  now  decides 
whether  a  seam  shall  be  worked  or  not  ? — 'Yes. 

799.  WUliam  Arm^rong^  If  you  onnmence 
working  the  lowest  seam  in  a  senea  it  will  of  coarse 

x2 
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C  28      ^  followed  1^  a  Bubsidenee  of  tiie  ground  above  ? — 

G.  C.  Grten-  Tes. 
wAt,  Etq,        800.  Do  70a  not  anticipate  that  that  subaidence 
—        would  have  the  effect  of  fracturing  the  Beams  above, 

IB  JtuM  1868.  cansiDf;  a  considerable  increase  of  small  coal  in 
working  Uiem  ? — I  think  the  l)est  answer  I  can 
give  to  your  question  is  to  state  a  case  which 
actually  happened  in  my  own  practice.  In  working 
the  main  coal  seam  at  Black  B07  beside  Bishop 
Auckland^  and  aftowarda  woiking  the  five  quarter 
seam  which  lay  15  &thom8  above  the  main  coal,  we 
found  that  the  five  quarter  seam  had  BO&red  ftom 
Occasional  aabeidence,  and  that  there  was  here  and 
there  a  fracture,  but  we  did  not  find  the  coal  in  the 
'  least  degree  injured,  nor  did  we  get  In  the  least 
degree  less  large  coal.  The  coal  was  not  in  the  least 
degree  softer  than  in  other  places  where  we  worked 
it  at  the  first  working.  And  there  was  a  case  men- 
tioned by  Mr.  EDiott  at  TTnsWorth  where  they 
worked  the  lower  seam  before  working  the  upper 
Beam.  In  that  case  the  top  seam  was  harder  after  the 
lower  one  was  worked  than  it  was  before. 

801.  {Mr.  Geddet.)  It  depends  very  much  upon  the 
nature  of  the  strata  between     Yes,  a  good  deal. 

802.  {Sir  fi^iliiam  Armttrong.)  In  the  case  of 
wotking  the  Black  Boy  coil  in,  the  Northumberland 
and  I^ham  distrii^  what  interval  of  time  had 
dmpoed  between  the  working  of  the  lower  and  the 
working  of  the  upper  seama  Not  more  than  three 
or  four  or  five  yeara. 

803.  Sufficient  time  to  allow  the  lower  seam  to 
close  up  ? — ^Tes,  sufficient  time  to  allow  falls  to  take 
place,  and  to  close  it  up,  I  should  think  ;  but  of  course 
'after  it  haa  fallen  you  cannot  get  into  the  lower 

seam  teaae. 

804.  Then  how  do  you  explain  that  result;  is  it 
that  the  ptmnd  goes  down  in  such  large  areas  at  oue 
time  that  the  amount  of  co^  that  is  fractured  is 
confined  to  a  particular  line  surrounding  it  ?— Yen,  I 
think  that  is  the  explanation  vi  it. 

805.  {CKairman,^  In  Sraneraetdiire .  were  the 
qeanti  wwked  in  the  descending  order  ?—Ko)- just 
aecording  as  it  was  moa^  convenient 

4M.  T%e  coal  Uft Jar' awfaee  n^pori. 

806.  ( Chairman.)  In  addition  to  the  coal  which  is 
damaged  by  faults,  and  what  is  crushed  by  pillars, 
.and  that  which  is  unsaleaUe  at  present  at  a  profit, 
and  that  which  is  left  for  barriers  against  water,  or 
for  any  other  working  purpose  under  ground,  hare 
jov  any  portion  to  leave  for  the  support  of  surface 
bnituings  There  is  some  coal  left  adjoining  the 
sfaaita  which  will  be  got  at  a  future  period  when  the 
shafts  are  woi^ted  out.  We  do  not  leave  any  vaAiex 
bnildingB ;  we  wwk  out  under  than.  There  are 
some  not  very  impmtant  houses  on  the  property,  and 
we  wwk  out  the  oo(d  under  them. 

807.  {Mr,  Geddet.^  Do  you  not  ii^nro  the  bouses 
while  you  are  working  under  them  ? — They  crack,  and 
then  we  keep  mending  them,  and  so  forth,  until  the 
coal  is  worked  awi^,  and  then  the  houses  gradually 
settle  down  to  theur  places  again  ;  some  repairs  have 
to  be  done  to  them,  but  we  do  not  even  make  the 
houses  uninhabitable  at  the  time  we  are  working 
underneath  them. 

808.  {Chairman.'^  Do  yon  tie  them  together  with 
bolts? — At  the  a^iuning  colliery  they  do,  Irat  we 
have  not  done  so. 

809.  You  merely  work  underneath,  and  let  the 
building  take  its  chauce,  without  taking  any  precau- 
tion?— Yes;  but  you  must  dearly  understand  that 
they  are  not  important  honaes. 

Sia  {Sir  Tvmiam  Anutrtrng.)  Are  they  farm- 
houMB  ?— Yes ;  ftrmfaonaei^  and  cottagea,  and  so  forth. 

811.  {Mr.  Geddet.)  Are  there  any  fitctories?— 
No. 

812,  {Chairman.)  You  find  you  can  lower  the 
surface,  and  lower  the  building,  without  occasioning 
more  loss  than  leaving  the  coal  underneath  would 
amount  to  ? — If  we  left  the  coal  to  support  Uie  bnilding 
the  loss  would  be  greater  than  the  expense  doing 


the  repairs  to  the  house,  but,  as  all  Uu  pK^terty  is  in 
the  same  hands,  of  course  the  cases  are  managed  in  » 
different  sort  of  way  from  what  they  wotdd  be  if 
there  were  adverse  interests  in  the  same  property. 

.813.  You  have  not  tlried  tying  buildings  together 
until  the  workings  have  passed  tfndemeath  them  ? — 
No^  we  have  not.  There  are  only  certdn  cases  where 
yon  can  do  ihat ;  for 'instance,  if  you  have  modem 
buildings  where  they  are  pot  tolerably' into  one  Uo^ 
andareprettysquare,  yon  can  tlethem  together;  but  on 
an  old  property,  whmre  the  ftrmhousea  have  generally 
bwnn  by  bdng  cottages,  and  have  been  added  on  to 
mi  they  have  come  to  the  most  fantastie  shapes,  jon 
cannot  do  as  you  can  in  the  case  of  modem  bnildiiigs 
iriiere  that  ^lan  of  tying  is  adopted.  The  more 
modem  houses  can  be  tied  in  that  way. 

814.  By  putting  balks  of  timber  outside,  and  very 
strong  iron  bolts,  you  may  strw  together  almost  anr 
shaped  building,  and  prevent  it  from  faDing  whilst  the 
ground  is  subsiding  underneath  it  ? — We  might  hare 
done  it,  I  dare  say,  and  if  we  had  foond  it  pay  to  do 
it  we  diould  have  done  i^  hat  we  have  not  Amnd  tbe 
necessity  of  doing  it 

815.  {Mr.  Geddet.)  AMiimirig  that  yon  were  ilia 
lessee  of  the  coal  fidd,  could  you  fbliow  ^e  same 
system  aa  you  are  now  following  with  r^^ard  to  the 
hoases  ?— ^o,  I  think  not. 

816.  What  other  system  would  you  adopt  if  yon 
were  called  upon  to  adopt  a  different  one  in  oMer  to 
Buppojl;  the  buUdings  ? — ^I  should  have  to  leave  bai^ 
riers  of  coal  round  the  house.  I  should  have  to  leave 
tracts  of  unworked  coal  under  the  houses, 

817.  What  amount  of  subsidenoe  have  yon  observed 

in  your  experience  ;  upon  the  surface,  I  mean  ?  I 

cannot  exactly  say  what  amount  I  have  observed ;  it 
varies  very  much  in  diffbrent  pkces ;  sometimes  there 
is  only  one  seam  worked,  sometimes  two  and  sometimes 
three,  acemtling  to  the  outcrops ;  and  I  have  not  taken 
any  voy  particular  notice  of  the  snbndence  in  thooa 
cases. 

818.  (Jlfr.  Woodkoute^  Leaving  yon  to  select 
instancei^  have  you  not  observed  a  veir  considerable 
Bubsidence  in  SomersetEdiire  in  working  the  thin 
seams  there  on  the  long-wall  svstem  ? — I  never  met 
with  more  than  one  case  of  snbeidonce  in  Somerset- 
sbire  that  I  have  traced  to  the  settlement  of  the 
workings.  That  was  beside.  Old  Welton ;  you  know 
it  weU. 

819.  Did  yon  ever  notice  the  subsidence  that  took 
place  at  Bedminster  ? — At  Bedminster  Uiey  work 
thicker  seams ;  they  do  not  work  dun  seams  at  Bed- 
minster. 

82a  Do  they  work  the  the  three  feet  seam  there  ? 
— They  have  what  th^  call  the  great  vein ;  it  runs 
from  three  to  four  feet  in  thickness,  I  think. 

821.  They  work  that  ?— Yes. 

822.  And  the  little  vein?— Yes ;  I  think  those 
are  the  only  two  seams  they  work  there. 

823.  Caning  to  the  sub^enoe  qneation  again  as  to 
buildings,  suppose  yon  had  a  vecy  laigs  and  impartant 
public  build^  to  secure,  or  a  wi^ti^^  a  buildii^  of 
BO  much  importance  aa  to  render  it  necessuy  to  leave 
cod  undemeath  for  the  support  of  it,  and  assuming 
the  seam  to  be  of  the  character  yon  have  described  at 
Poynton,  and  dipping  at  an  uigle  of  one  in  six,  and 

assuming  that  the  shaft  was  170  ikthoma  deq>  ?  The 

deepest  sliaft  we  have  is  230  yards. 

824.  Tbtm  say  115  fathoms;  what  quantity  of  ooal 
would  be  requind  to  support  a  building  of  that  b(u1  ? 
— I  should  have  to  leave  so  mneh  aa  would  make 
something  near  rimnt  a  rectangdar  fracture.  Sup- 
posb%  tiie  fiaetore  waa  at  right  anj^  to  ihe  dip  frf 
the  seam,  anppoeine  tbe  dip  to  be  me  In  six,  and  the 
depth  to  be  120  iMhomi^  I  sboidd  have  to  leave  a 
rixth  part,  that  would  be  90  fiuhoras,  that  would  be 
40  yanls  ibr  the  fraotan  to  come  doee  to  the  edge  of 
the  bnilding,  and  of  course  it  would  not  do  for  the 
fracture  to  come  dose  to  the  edge  of  Uie  building.  I 
ahonld  have  to  leave  eomething  beeidee^ 

825.  YoQ  are  drawing  that  oonclnooa  upon  tbe 
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farpotkesis  of  ilie  ftwstare  being  at  rigbt  uigles  to  the 

dipP-Tes:'  ■  ^  B 

826.  Wfe  witl  take  the  case  of  a  mine  lying  hori- 
sontal  ander  a  building  of  great  importance,  Uie  size 
I  need  not  give  ;  what  quantity  of  coal  in  the  seam 
you  atre  working  now  in  Cheshire  should  you  have  to 
Wve  at  that  dip  for  the  support  of  such  a  building  ; 
I  mean  how  much  laterally,  aeeaming  the  building  to 
be  say  60  feet  in  diameter  ? — I  dioald  think  I  would 
leave  in  that  case  u  much  outside  as  I  would  leave 
inaide,  so  os  to  keep  the  crack  far  enough  away  from 
the  building.  If  Ae  seam  was  dipping  in  the  way  I 
have  spoken  of,  I  irould  not  work  Uie  inclined  seam 
so  OS  to  bring  the  fractore  up  to  the  building,  but  bo 
as  to  keep  the  fracture  away  several  yards  from  tiie 
building,  to  prevent  any  disturbance  of  the  strata  at 
all.  I  will  assume  that  I  wanted  to  suppwt  up  to 
tluU  line  of  cnwk  (paitUing  to  a  sketct).  I  would 
leave  something  more  than  that.  I  do  not  know  that  I_ 
should  leave  a  great  deal  more  than  that  under  gr(^und. 
A  good  deal  would  depend  upon  the  thickness  of  the 
•earn  that  was  worked,  and  the  natoro  of  the  strata 
under  ground. 

827.  Assume  that  you  left  a  margin  of  20  yards 
beyond  the  building,  it  would  be  three  times  20  yards 
dtogeUier,  if  I  uoderstand  you  rightly  P — Yes. 

828.  A  maas  of  coal  of  60  yards  would  be  left  ? — 
Tea. 

829.  And  assuming  that  this  mass  of  coal  60  yards 
was  sufficient  to  maint»n  this  block  of  building, 
would  the  same  breadth  be  sufficient  as  applied  to  a 
seam  lying  at  an  inclination  ? — I  think  not.  I  do  not 
think  it  would  take  so  much  to  support  it  if  the 
seam  was  lying  flat  as  it  would  if  tjie  seam  was  lying 
at  an  inclination. 

830.  As  to  coal  left  under  buildings,  are  you 
acquainted  with  the  towns  of  Sheffield  or  Wigan  as 
regards  coal  working  ? — I  am  not  at  all  acquainted 
with  the  town  of  Sheffield  as  to  coal  working,  nor 
am  I  acquainted  with  any  special  case  as  regards 
Wigan. 

^1.  Then  you  do  not  know  Ae  proportions  of  coal 
left  under  these  toms  fin>  the  eopport  of  buU^ngs  ? 
— "So,  I  do  not 

882.  The  Chidnnan  mentioned  to  you  a  phui  of 
screwing  tc^ther  buildii^  by  rods  of  iron  and  other 
devices  ;  is  not  that  very  common  in  South  Stafford- 
shire?— If  it  is  common  in  South  Staffordshire  it  has 
not  heen  Tery  effiwtuol  in  South  Stafibrdshire,  for 
tbe  buildings  may  be  seen  lying  in  all  sorts  of  ways 
there ;  but  I  do  not  know  whether  it  is  commtm  in 
South  Staffordshire  or  not. 

883.  {Sir  Wiiliam  Armstrong.)  I  will  take  the 
case  of  an  important  builduig  occupying  a  space  of 
20  yards  squiuv  on  the  soi&ce,  and  I  will  suppose 
that  you  are  working  coal  at  a  depth  cf  400  yards, 
200  fathoms  ?— Tea. 

834.  I  want  to  have  some  idea  of  what  quantity  of 
that  cool  it  would  be  necessary  to  sacrifice  in  order  to 
secure  the  stability  of  the  building  on  the  surface 
The  best  way  to  answer  that  question  is  by  illustra- 
tration.  I  know  a  ease  where  there  is  reserred  by  a 
lease  under  a  mansion  house,  the  depth  of  the  pit 
being  about  270  yards,  a  barrier  IjSO  yards  round 
the  house.  I  would  not  undertake  to  Hqr  that  that 
150  yards  tfas  suflldwit. 

886.  I>o  7<m  mean  \SO  yards  in  each  diiectimi  ? — 
Tes. 

836.  Making  300  yards  across  ?—UpwaidB  <^  800 
yards,  by  whatever  the  width  of  the  house  is. 

837.  That  is  an  for  the  protection  of  one  building  ? 

—Yes. 

838.  Tlipn  in  districts  which  are  occupied  by  im- 
portant buildings,  even  where  those  buildings  are 
separated  from  one  anotho*  by  considerable  distances, 
the  quantity  of  cool  that  would  have  to  be  left  fiv 
their  support  wonld  be  encoxums  ? — Yes,  it  would,  to 
ensure  their  support. 

839.  {Mr.  Geddes.)  Do  you  know  any  case  where 
these  barriers  have  been  nltimately  removed,  in  whole 


or  in  part,  in  the  reserved  area?~No  ;  I  do  not  know       fj  on 
of  any  liaee  where  they  have  been  takfen  obt.  q  n  (^amt- 

840.  It  is  in  the  power  of  the  proprietor  to  consent     Ja,  £aq. 
to  their  being  taken  out  ? — I  have  known  instances  — 
where  a  H-aeture  has  gone  for  a  distance  of  200'yiUrd8  I6(i8> 
and  upwards,  at  a  less  depth  than  400  yards. 

841.  (Chairman.)  Conld  you  specify  that  depth  ? — 
I  do  not  recollect,  but  it  was  less  than  400  ^ras. 

842.  There  is  no  doubt  that  in  working  coal  out 
the  ground  subsides  in  the  form  of  an  inverted 
pyramid  ?— It  falls  in  the  form  of  a  cone  in  the  first 
instance,  and  then  afterwards  a  eross  fracture  takes 
place,  something  like  what  would  toke  place  in  the 
haunches- of  a  bridge,  and  then  you  get  die  settling 
down  of  Uie  crown  of  the  arch,  so  that  it  forms  a  dish 
at  the  top  in  the  first  place,  and  on  inverted  basin  at 
the  bottom,  and  in  the  intermediate  parts  are  the 
cracks,  just  as  a  bridge  would  fiUl  down. 

843.  Ultunately  resulting  in  an  inverted  pyramid  ? 
— ^In  a  basin.  I  should  not  call  it  exactly  an  in- 
verted pyramid. 

844.  In  the  evidence  given  by  a  witness  from 
Lancashire  who  had  observed  this  very  minutely,  it 
was  stated  that  whero  the  seams  dipped  at  an  incli- 

,  nation  of  1  in  3  or  1  in  3^  the  sur&oe  was  disturbed 
beyond  the  line  of  working  just  to  iim  extent  of  the 
pomt  where  a  right  angle  set  up  from  the  dip  of  the 
seam  would  mtersect  ?_Yes  ;  supposing  that  that  is 
the  dip  of  the  seam,  and  this  coal  is  worked  out,  a 
right  angle  from  that  point  would  mark  the  line  of 
fracture  {explaining  it  upon  the  tketck). 

845.  He  gave  us  that  as  the  resnlt  of  octnal  obser- 
vation ? — Yes. 

846.  So  that  if  yon  carried  that  same  angle  down 
to  400  yards  in  depth,  the  quantity  of  coal  that 
wonld  have  to  be  left  nnworked  would  be  much 
greater  as  you  got  to  greater  depths  ? — ^Yes. 

847.  If  we  take  the  line  of  fhKture  at  1  in  3,.  and 
.you  want  to  support  a  point  on  the  sur&ce,  your 

working  being  300  yards  in  depth,  and  supposing  the 
same  rule  to  hold  good  with  regard  to  a  level  seam 
that  holds  good  with  regard  to  one  at  an  angle,  yon 
wonld  have  to  leave  100  yards  of  cool  ?— Scmething 
Uke  that 

848.  He  also  stated  that  the  subsidence  to  the  rise 
was  a  little  more  beyond  the  perpendicular  line  ;  that 
being  a  right  angle  {drawing  it)  it  would  extend  the 
line  of  fracture  to  there  ? — ^Yes. 

849.  Alxrat  one  third  of  the  depth  beyond  the  point 
on  the  surface  to  which  it  dropped ;  in  addition  to 
that  we  have  to  leave  a  little  to  the  rise,  as  the 
fracture  is  not  quite  perpendicular  ? — Yes ;  I  should 
think  that  that  is  very  much  what  I  should  say 
myself. 

850.  Tiiat  wonld  agree  with  your  observations  ?— > 
Yes,  I  should  think  about  that. 

851.  But  you  have  known  aome  spwaaX  instance 
where  the  fracture  has  gone,  at  a  dc^th  of  400  yards, 
for  200  yards  ?-*At  a  depth  of  less  than  400  yards 
it  has  gone  for  200  yards.  I  am  speaking  within 
bounds. 

852.  That  is  rather  more  than  half  the  depth  ?  — 
Yes ;  and  these  were  in  the  case  of  nearly  fiat  seams. 

853.  Will  you  state  what  the  strata  were ;  was 
there  a  large  quantity  of  sand,  or  water,  or  soft  gi-ouad 
lying  above  ? — It  is  m  South  Staffordshire.  I  do  not 
know  much  of  the  South  Staffi»rdshire  strata. 

854.  I  believe  the  South  Staffordshire  strata  are  as 
a  rule  very  soft,  and  that  a  flaw  extends  ftu-ther  there 
than  it  does  with  harder  rocks.  You  have  not  known 
an  instance  of  such  an  extensive  subsidence  as  that 
out  of  South  Staffordshire  have  you  ? — ^No,  I  have 
not 

855.  CMr.  Geddet.)  This  instance  which  has  been 
talked  of  has  only  reforence  to  one  eoUioy,  working 
only  one  seam,  as  i  understand  it ;  what  difference  ^ 
circumstances  would  you  conceive  would  come  into 
operation  if  you  were  working,  for  example,  5  or  6 
seams  of  coal  which  you  have  in  the  SomCTsetshire 
field  or  in  the  Cheshire  field  ?— If  you  were  working 
the  bottom  seam  flrsti  uid  you  left  aufflcient  in  tho 
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C  30  bottom  fleam  to  mswa:  your  purpose,  I  should  think 
O.  C.  ^VM-  in  the  upper  Beams  above  leas  damage  would  be  done 
.  by  working  them  in  that  way  than  if  you  left  your 

18  Juw  1868.  ^^^i™"^  ^  ^  instance  in  the  upper  seama,  and 
then  woi^ed  out  the  nppwts  from  ni^er  the  upper 
fleama. 

856.  That  is,  if  you  took  them  in  succession  after- 
wards ? — Yes. 

P57.  But  if  you  took  them  promiscuously,  whidi  I 
understand  you  to  say  is  the  general  rule,  how  would 
it  happen  ?  Supposing  you  are  working  at  a  depth  of 
100  fathoms  at  Radstock,  and  supposing  you  left,  as 
you  have  described,  IdO  ywds  round  an  important 
buildings  that  would  be  applicable  to  all  the  seams  of 
coal,  not  to  one  only,  would  it  not  ? — If  you  worked 
a  seam  of  coal  at  such  a  dej^iii  as  required  you  to  leave 
150  yards  all  round  the  building,  and  you  thea  worked 
a  seam  undemetfth  that  seam  again,  you  would  have 
to  leave  a  barrier  bigger  than  you  left  in  the  seam 
abovot  because  the  seam  above  becomes  the  thing 
which  you  have  to  support. 

858.  Supposmg  we  simply  said  you  shall  leave  150 
yards  under  an  important  building,  would  not  that  be 
applicable  to  any  of  your  seams  of  coal  ? — It  would  be 
applicable  to  any. 

859.  Tou  would  not  have  a  discretion  in  the  matter 
if  the  lease  prescribed  what  was  to  be  left  ? — No  ;  if 
the  lease  prescribes  it  tiiere  is  an  end  of  it ;  I  have  no 
discretion,  and  I  am  not  responsible  for  the  conse- 
quences. 

860.  {Mr.  JFoodAouse.)  May  we  take  this  as  the 
conclusion  of  the  whole  matter,  that  where  you  have 
to  leave  for  the  support  of  an  important  building  coal 
which  lies  at  an  angle  you  must  leave  a  larger  pro- 
portion  to  the  rise  side  of  a  building  than  to  the  dip 
side  ?— -Yes^ 

861.  In  tactf  may  not  the  circumstances  be  sudi 
tiiatyou  may  work  on  the  dip  side  right  up  to  the  edge 
of  the  building  in  a  perpendicular  line,  leaving  the 
whole  of  the  support  on  the  rise  ? — I  think  it  is  very 
probable  that  you  might  do  so,  and  if  any  damage 
happened  to  the  building  at  all  I  should  imagine  tlmt 
it  would  arise  from  want  of  sufficient  support  being 
1<^  to  the  rise  side  rather  than  trcnn  want  of  suffloient 
being  left  to  the  dip  side. 

861a.  {Sir  William  Amuironff.)  According  to 
what  you  have  explained  as  to  the  extent  of  coal  which 
it  would  he  neoessary  to  leave  at  this  assumed  depUi 
of  200  yards,  for  the  support  this  boildiiig  at  the 
top,  and  the  form  of  the  column  that  would  rest  upon 
that  base,  tapering  off  at  the  top,  it  follows  that  the 
extent  of  that  base  would  be  greater  or  leas  according 
to  the  depth  ? — ^Yes. 

862.  And  it  follows  also  that  the  quantity  of  coal 
that  you  would  have  to  leave  would  be  in  proportion 
to  the  square  bf  the  depth  ? — Yes;  of  course  the  areaa 
would  b6  in  proportion  to  the  squares. 

863.  Then  supposing  you  would  have  to  leave  in 
this  case  at  a  depth  of  100  yards  ten  acres  of  coal, 
you  would  have  to  leave  at  a  depth  (A  200  yards  100 

'  acres  ?— 1^0;  another  element  comes  in.  Yon  mast  take 
the  constani^  and  you  must  take  the  squares  of  the 
increments  to  a  certain  extent,  because,  if  that  were 
not  so,  supposing  a  certain  quanti^  was  left  for  a 
depth  of  one  yard,  if  your  workings  were  two  yards 
deep  you  would  have  to  leave  four  times  tlut  quantity. 
I  do  not  mean  to  say  anythmg  of  that  sort. 

S64.  Then  what  would  be  the  increase  of  the  base 
which  it  would  be  necessary  to  leave  as  you  increased 
the  depth  ?»That  would  require  a  little  coumderation  ; 
it  would  depend  very  much  upon  the  nature  of  the 
Rtrata,  and  the  thickness  of  the  seanu  yon  worked.  It 
would  increase  with  the  depth  ;  but  there  would  be  a 
great  mai^  items  to  take  into  oonslder^ou.  1  am  not 
prepared  to  say  what  the  rate  of  increase  would  be. 

865.  At  any  rate  it  would  be  something  between 
the  direct  proportion  and  the  squares  ?— Yes. 

866.  {(Airman.)  It  would  not  necessarily  follow 
tliat.^vIt(de.oftbiacoal  should  be  left;  aportionof 


it  might  be  woriced,  it  might  he  wwked  out  in  follara, 
might  it  not  ? — Yes.  I  think  it  might  be  Ba&r  to 
extend  the  base,  working  out  a  pcni-doo,  and  leaving 
pillar^  than  to  leave  a  scdid  Uock  of  coal  of  a  leaa 
ana. 

867.  {Sir  WilUam  Armstrong.)  At  all  events  the 
sacrifice  of  coal  involved  in  the  preservation  of  build- 
ings at  the  surface  becomes  a  very  much  more  seriooB 
matter  at  great  depths  than  it  is  at  small  depths  ? — 
Yes. 

868.  (  Chairman.)  I  suppose,  as  far'  as  your  practice 
has  extended,  you  know  of  no  restriction  with  r^ard 
to  where  buil^gs  are  {daced  upon  the  snrfiue  ;  the 
owner  of  the  sur&ce  has  liberty  to  |dace  boildings 
wherever  h%  may  think  fit  ? — ^Yes. 

869.  Without  regard  to  what  coal  tiiere  may  be 
underneath  which  may  be  prevented  from  b^ng 
worked  ? — If  there  is  a  gencn^  clause  in  the  lease 
that  the  lessee  is  to  pay  for  any  damage  that  he 
occasions  to  any  buildings  that  may  be  put  on  the 
surface,  I  take  it  that  ^t  will  more  strictly  apply 
to  buildings  which  are  in  existence  before  the  coal 
has  began  to  be  worked.  There  is  nothing  to  restrict 
a  landlord  from  putting  buildings  wherever  he  pleoeea  ; 
but  if  he  grants  a  lease  of  certain  coal  to  be  worked, 
and  if  he  then  puts  buildings  upon  the  sur&oe  aftar 
the  coal  Juui  been  woi^ed,  I  take  it  that  he  does  so  at 
his  own  risk. 

870.  Then  with  regard  to  the  quantity  of  coal  that 
would  have  to  be  left  to  support  tiiose  sur&c« 
buildings,  the  value  of  the  coal  might  in  many  in- 
stances exceed  the  value  of  the  buildings  to  be  sap- 
ported  ? — ^It  might  be  so,  and  the  lancUord  would  of 
course  have  to  take  that  into  account. 

871.  Would  there  be  anything  inequitable,  as  far 
as  your  judgment  goes,  iu  having  some  proviaiou  made 
W  the  legislature  witih  regard  to  where  buildings 
should  be  placed  upon  coal  fields  ? — Of  course,  if  tiiey 
put  buildings  in  any  place  where  coal  was  iu  existence, 
they  would  have  to  pay  for  the  value  of  the  eoal 
which  they  prevented  from  being  worked. 

872.  Then  that  becomes  so  much  a  national  loss  ? 
— Of  course  the  public,  if  they  put  up  a  building, 
would  have  to  pay  for  the  dunage  it  did  to  any 
perscm  who  owned  coal  underneath,  in  the  same  wi^ 
as  if  yon  make  a  railway  you  have  to  make  com> 
penaation  to  the  owners  whose  land  you  take,  aod  if 
you  do  aay  public  work  our  any  person's  land,  and  ymi 
get  an  Act  of  Parliament  £or  the  purpose,  you  luve 
to  pay  for  the  land  yon  take  for  the  purpose  of  putting 
up  that  building, 

5th.  General  Matter$. 

873.  You  heard  the  evidence  which  Lord  Mostyn 
gave  with  regard  to  borings  having  been  jwt  down 
in  tiie  estuary  of  the  Dee  ?-*I  did. 

874.  In  the  part  whore  the  wata  flows  over  ? — 
Yes. 

875.  Do  yen  think  fliat  it  is  prodent  to  pat  han- 
holes  in  sndi  plaeee,  particularly  when'  tlie  positions 
of  them  are  not  recorded  ?~I  think  that  It  is  voy 
wrong.  I  can  scarcely  conceive  that  any  peraon 
would  do  such  a  thing,  to  tell  the  truth. 

876.  It  is  very  often  very  difficult  to  plug  a  bore. 
hole,  is'it  not  ? — Yes  ;  it  is  almMt  impossible  to  ping 
a  bore-hole  like  that  through  the>sand.  Yon  might 
put  in  pipes,  and  plug  up  the  pipes ;  bat  then  the  pipes 
would  corrode  in  time. 

877.  Are  there  any  reArictaonB  witJi  regard  to 
preventing  the  owner  of  any  minerals  from  putting 
bOTB-holeB  dowa  in  places  where  they  may  do  very 
considerable  damage  r—T  am  not  aware  of  any  re- 
striction to  prevent  a  landlord  from  putting  bore-holes 
down  in  any  place  where  he  pleases,  upon  his  own 
property. 

878.  Supposing  it  to  I>e  his  own  property,  he  may 
still  be  occasioning  ver^  considerable  national  loss  by 
so  doinf^  roay  he  not  i — ^I  do  not  know  anything  to 
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prevent  it.  I  am  not  lawyer  enough  to  say  for  certain 
that  there  is  not  anything  to  prevent  it. 

879.  There  ia  ho  eaatom  amongst  mining  engineers 
to  have  these  matten  considered  or  referred  to  any 
tribunal  befcve  snch  steps  are  taken  I — ^Not  that  I  am 
aware 

880.  Bat  a  bore-hole  of  that  sort  may  really  be  the 
means  of  occasioning  a  colliery  to  be  hereafter 
drowned  but,  and  a  conriderable  amount  of  coal 
wasted  in  consequence,  may  it  not  ? — It  is  very  pos- 
sible :  but  I  should  think  that  the  probability  would 
be  that  the  hole  might  get  ailted  up  with  silt  and 
sand ;  and,  beside?,  no  person  would  think  of  working 
close  upon  such  an  estuary  as  the  Dee,  so  as  to  frac- 
ture the  strata ;  probably  they  would  bJce  pretty  good 
care  about  that.  However,  I  am  free  to  admit  that 


an  accident  might  arise  from  a  bore-hole  being  0ut 
in  any  of  those  places  by  which  the  water  might  get 
down  ;  but  I  am  not  aware  oi  ny  ancb  ease  having 

occurred. 

881.  I  think  Lord  Mostyn  stated  that  they  had 
bored  to  depths  exoeeding  100  yards,  and  the  ooal  at 
Denna  has  been  worked  oitarely  out  at  a  distance 
of  about  GO  yards  under  the  estnary? — ^Tbe  whole 
thing  is  w  bew  to  me  flurt  I  cannot  say  mneh 
about  it. 

882.  It  would  not  be  unreasonable  to  have  some 
restriction  placed  upon  persons  to  prevent  their 
damaging  their  own  property,  would  it  ?— .Peoj^ 
ought  to  be  the  best  judges  of  that,  because  nobody 
will  damage  his  pwn  property  wiUhlly. 

888.  NotintentionaDy?— No. 


G31 
O.  C.  Green- 

16  June  186& 


The  witness  withdrew. 


Thohas  Wtt<ke,  Esq.,  Inspector  of  Mines,  Stone,  Staffordshire,  examined. 
No,  1.    The  tgtUm  ofwrking. 
884.  (Cftoinium.)  I  believe  you  are  one  of  Her 


Hiyesty's  Inspectors  of  coal  mines  ? — am. 

885.  The  district  which  you  have  now  specially 
under  your  chaige  is  K<n:th  8taffi>rdshire,  f^xopshire, 
and  Cheslure  ? — ^It  is. 

886.  With  regurd  to  the  North  Staffi)rdshire  coal 
field,  what  is  your  system  of  working  there  ? — It  is 
very  generally  the  long-wall  system  ;  there  are  a  few 
seams  that  are  worked  by  what  is  called  post  and 
thurl,  but  it  is  very  generally  long-wall  work. 

887.  In  the  long-wall  system  are  there  any  advan- 
tages or  disadvantages  which  yon  would  specially 
point  out  ? — ^I  do  not  know  of  any  system  of  getting 
coals  BO  good  ais  the  long- wall  system,  in  my  opinion. 

888.  You  know  this  other  system,  the  poet  and 
thurt  system  ? — That  is  only  carried  out  to  a  limited 
extent,  and  that  in  consequence  of  the  ignorance  of 
the  charter  masters  and  men  of  that  kino.  There  is 
ft  seam  or  two  which  perhaps  there  wt>nld  be  a 
difficulty  in  working  on  the  long-wall  system  :  but  I 
know  of  no  seam  which  has  been  worked  by  the  long- 
wall,  and  in  which  that  has  been  given  up. 

889.  Then  taking  the  two  systems  as  generally 
practised  in  the  district,  do  you  consider  that  they  are 
suitable  for  the  seams  of  coal  which  have  to  be 
worked  ? — ^Particularly  so  for  the  seams  and  for  the 
district. 

890.  Are  there  any  special  disadvantages  by  which 
the  coal  is  dam^^? — No ;  the  great  fault  is  that 
tiiOT  make  thnr  faces  too  long ;  they  do  not  drive 
si^cient  levels  to  bring  the  coab  ont  at  different 
places,  instead  of  bringing  them  a  long  way  down  the 
drift ;  that  is  owing  to  the  vicions  system  of  the 
butties. 

891.  Those  drifts  are  not  made  so  numerous  as 
those  spoken  to  by  Mr.  Greenweil  ? — No. 

892.  What  distance  are  those  drifts  apart  in  Ninth 
Sta^rdshire  ? — ^I  know  some  drifts  that  are  as  much 
as  1 50  yards  long ;  they  never  ought  to  exceed  40  or 
50  yards  at  the  most. 

89S.  In  your  long-wall  work  there  are  you  very 
enrefnl  to  have  good  gob  walls  built  ? — They  are  very 
particular  upon  that  point,  for  the  better  the  tinkber, 
and  the  ehiser  thi^  keep  tfwir  pack  walls,  the  better 
the  coals  Uiey  get. 

894.  The  suH^e  Uie  weight  is  thrown  off  the  face? 
— Tes ;  it  throws  the  weight  off  the  &ce  of  ^e  coal, 
and  they  get  more  large  cmL 

895.  those  drifts  that  yon  speak  of  driven  on 
the  first  opening  of  the  colliery,  or  only  when  they  are 
found  to  be  wanted? — It  is  always  advisable;  and  it 
is  carried  oat  in  many  instances  to  drive  to  the  &r 
end,  and  then  bring  the  coals  back,  commencing  at  the 
extreme  end. 

896.  In  North  Stafibrdshire  the  deeper  seams  are 
wolfed  at  a  consi^rable  depth  below  the  surface,  I 
believe  ?— T  es ;  500  yvds  deep. 


897.  Is  it  found  that  at  those  depths  there  is  ranch 
crushing  by  the  snperincumbuit  weight  ? — Than  ia 
a  good  deal. 

898.  Are  those  mineB  oarefiiUy  worked  ont  to  the 
hx  end  ? — ^Yes. 

899.  Levels  are  driven  out  befive  they  are  eom- 
menced  to  be  got  hack  ? — Yea. 

900.  The  intermediate  levels'  are  not  driven  nntU 
they  are  required  ? — ^No ;  not  until  they  are  wanted. 

901.  {Mr.  Geddu.)  What  is  the  angle  at  which 
the  coal  lies  ? — ^It  varies  from  6  inches  in  the  yard 
to  26  inches. 

902.  Is  there  much  fire  damp  ? — ^Yes,  a  good  deal. 

903.  (Chairman.)  What  is  the  systom  chiefly 
practised  in  Shrt^Mdiire  ?— In  Shropshire  in  nearly 
every  case  they  commence  at  the  pit  or  within  50 
yards  perhaps  of  the  pit,  and  di-ive  ont  before  tfaffln  ; 
they  take  the  coals  ont  before  them  ;  they  build  pack 
waUs,  and  keep  tiieir  roads  between  the  pack  walb»  ao 
that  they  commence  driving  out  a  road,  and  so  80«l 
as  they  get  50  yards  away  from  the  pit  they  have  the 
whole  fece  of  coals  for  800  or  800  yarde^  with  three  or 
feur  pack  roads  into  it. 

904.  I  bdiere  the  roofit  of  the  minee  are  rery  tou^ 
and  strong  there  ? — ThOT  are  very  good. 

905.  They  are  well  adaptedibr  waUngmines  with 
gob  roads  ? — Yes. 

906.  And  there  is  not  a  very  laige  quantity  ot  fire 
damp  to  be  dealt  witib  ?— Not  a  great  quantity. 

907.  Altt^ther  you  c<msider  the  wmj  in  which  the 
ooal  is  extracted  in  Shropshire  as  successful  ? — Yes ; 
they  leave  none  behind  them.  Here  and  there,  if  the 
ro<^  is  a  little  tender  at  the  extreme  end  of  their  road 
they  will  perhaps  leave  a  three-cornered  piece  of  coal 
a  yard  and  a  huf  each  wi^,  till  they  can  get  nnder  a 
bitof  hotter  root 

906.  The  deep  Dokinfleld  pit  is  in  your  dfatrfct^  is  i 
not  ?--It  is, 

909.  I  believe  you  stated  yesterday  that  they  are 
working  coal  there  at  the  deepest  point  to  a  depth  of 
770  yards? — The  deepest  point  now  reached  in  the 
workings  is  about  770  yards,  where  they  are  driving 
down  still  further. 

910.  And  they  are  still  extending  down  into  deeper 
workings,  are  they  not  ? — Yes,  they  are.  248  yards 
down  is  where  the  level  is  now  driven  out ;  the  next 
level  is  at  330  yards  down. 

911.  What  is  the  inclination  of  the  strata  at  the 
surface  where  it  commences  ? — About  18  inches  at  die 
surface. 

912.  Hien  when  you  get  to  the  bottom  cf  the  shah, 
what  is  it  ? — ^It  is  about  14  inches  at  the  botttna  ol 
the  shaft 

913.  How  deep  is  the  shaft  ?--686  yvdsi 

914.  Then  in  going  ftniher  down,  where  the  engine 
{dane  is,  what  is  thd  indinatiai  ?— Jt  oomes  to  10 
inches. 


18  Jvaa  1M8. 
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C  32         ^^^*  ^'^^"^  pnrTing  rouDd,  and  getting' flatter  ? 

3*  IVmiw  Em  "*^®^ 

.'  ^'     916.  To  what  depth  has  the  ooal  been  principally 

18  Jane  is&S.   worked  off  in  that  colliery  now  ? — Down  to  the  672 

yards  level,  and  248  yards  below  on  one  side  only. 

917.  What  depth  will  that  be  from  the  surface  ?— 
It  will  be  about  740  yards. 

918.  Then  the  greatest  depth  hitherto  reached  in 
the  workings  at  which  they  have  worked  coal  away  in 
{Hilars  has  been  740  yards  ? — 750  yards. 

919.  In  working  that  seam  have  they  been  very 
careful  ,to  drive  oat  to  the  exti'einities  before  com 
mendng  ?— Yes;  opou  one  side  they  have  done  it 
very  vfeH  i  upon  the  oUier  they  took  some  dri^  oat 
before  they  got  to  the  fiu:  end. 

9S0.  Th^  brought  Uie  wdght  on  to  the  piDan 
then? — ^Tes;  that  was  somewhat  owing  to  the 
boundary  running  off  at  rather  an  acute  angle. 

921.  What  was  the  effect  of  this  weight  coming  on 
the  pillars  ? — It  injured  the  coals  very  much  indeed, 
and  unless  it  was  worked  very  square  it  led  to  much 
loss  of  life.  There  were  several  men  killed  through 
catting  off  the  coal  instead  of  bringing  it  square  with 
the  face. 

922.  (Mr,  Geddes.)  Was  timber  used  F—Yes. 

923.  It  there  much  timber  used?— Yeo^  a  good 
deal  of  timber  is  used. 

924^  {Chaimuai.)  Do  you  find  the  roof  well 
well  supported  with  gob  iraUa  ?— There  is  a  difficulty 
owing  to  the  dip;  the  walls  eannot  be  so  efficient 
where  it  is  ftom  16  to  18  inches  to  the  y«id,  as  they 
would  be  if  it  lay  flatter. 

925.  My  question  is  more  this,  are  they  careful  to 
have  good  gob  walls  ? — They  do  not  find  the  gob  walls 
to  be  so  efi^ve  ia  they  do  where  the  ooal  Um  flatter 
they  use  more  timber  in  this  mine. 

926.  Hien  under  the  system  of  working,  as  they 
now  have  it,  the  coal  is  very  nrach  cm  shed  r — ^It  is. 

927.  So  much  so,  I  think,  that  in  making  some 
experiments  as  to  the  temperature  you  foand  many 
plaoes  where  the  coal  was  too  tender  to  keep  die  bora 
hole  open  ?— Yes ;  it  filled  as  the  men  bored. 

928.  Do  you  ihitik  that  much  of  that  might  be 
prevented  by  a  different  systetn  of  working  ? — ^Yesj 
by  a  better  system  of  working  a  great  deal  of  that 
may  be  preveated. 

929.  {Mr.  &mUsk)  I  undentand  that  both  in 
North  Snffiirddiire  and  in  Shropshire  the  working  is 
BUbstan^iUy  on  the  long-wall  system  ?-^YeB.  > 

930.  And  that  none  of  ihe  coal  is  lost  ? — Yee ;  it 
varies.  In  North  Stoffordshirethey  go  to  the  far  end, 
and  bring  it  back ;  atad  in  l^ropshire  tkiFf  take  the 
coal  out  before  them. 

931.  But  nltimatdy  the  whole  of  the  ooal  ie  got 
away  ? — ^Yes. 

932.  In  Cheshire  you  chirage  the  i^stem,  because 
<tf  the  high  angle  at  which  the  coal  is  lying  ? — Yea. 

933.  What  extent  of  working  from  any  one  ahaft 
or  mine  have  yon  in  the  incUneb  strata  ?— I  mean 
what  IB  tiu  greatest  distance  out  from  the  shaft?— 
About  2,000  yards. 

934.  Is  that  to  the  boundary  of  the  holding  ?— Yes. 

935.  Do  yon  succeed  in  getting  the  whde  of  those 
pillars  back  ? — ^Yea. 

936.  In  that  distance  ?— Yes. 

937.  Then  snbstantially  it  is  the  same  as  the  other 
way  of  working? — Yes;  they  nsuajly  drive  out  at 
eveiy  20  yards,  and  then  cut  that  20  yards  into  two 
ten  yard  pillars,  and  then  bring  those  1 0  yards  into 
each  of  the  levels  which  they  have  cut  out. 

938.  Then  the  three  systems  result  in  the  same 
efibct ;  there  is  no  practical  loss  uf  coal  in  either  of 
the  systems? — No,  except  the  diffirenoe  between 
lai^  and  noti)  eo^.  ' 

999.  (Sir  WUliam  Atvittrong.)  la  it  the  fact  that 
in  all  those  i^stems  there  is  no  coal  left  in  the  mine 
atAll? — ^NoM  of  ftoy  ooaaai|MMe»  - 

940.  NeitlMrin.toeiHUarMdetRU  nor  in  the  long 
wall»  wbetbor  it  be  eoBunoioed  nt  the  far  end  or  at 
the  near  aid  ? — ^A  very  smell  fiuantity  of  coal  is  left 
in  each  ease ;  there  is  some  dack  left,  some  of  the 


small  coal  is  1^,  but  that  is  more  to  make  tbeir 
idnnings,  as  fliw  term  them,  more  seoiue  t  they  will 
throw  in  a  litHe  alack  to  make  the  building  mwe 

durable. 

941.  Then  do  you  get  the  coal  of  better  quality  by 
the  long-wall  system  than  by  the  pillar  and  stall 
system  r— Yes  ;  that  has  done  a  good  denl  to  force  on 
the  long-wall  system,  because  in  Shropshire  and  in 
Staffordshire  the  small  coal  is  of  so  small  a  value, 
and  the  large  coal  is  so  valuable,  that  every  thing  is 
done  to  make  the  greatest  amount  of  large  coals. 

942.  And  that  object  you  attain  by  adopting  the 
long-wall  system  ? — Yes.  The  best  system  is  to  hole 
it  at  night,  and  let  it  stand  some  time,  and  then  take 
the  sprags  out,  and  it  comes  down  in  large  lumps  of 
coaL 

943.  Then  I  understand  you  to  say  that  in  the 
deeper  workings  which  are  under  your  inspection  the 
quantity  of  small  co^  is  larger  than  it  is  in  the 
shallower  workings  ? — It  is. 

944.  And  at  IKikinfidd,  which  is  the  deepest  of  all, 
the  small  is  the  most  of  all  ? — Yes  ;  but  then  they 
have  this  advant^  to  ooUnteract  that,  that  the  small 
coal  in  Lancashire  is  so  mnch  more  valnaUe  than  it 
is  in  Shropshire  or  Staffordshire. 

946.  Still  it  is  the  fact  that  it  produces  more  small 
coal  in  consequence  of  the  greater  pressure  ? — Yei^ 
very  much  more. 

946.  Do  yon  see  wy  limit  in  ptuAt  of  Aepth 
involved  in  uiat  consideration  ? — TSo, 

947.  Would  you  cmne  to  such  a  depth  at  last  that 
you  would  get  little  else  than  small  coal  ? — ^I  really 
believe  tikat  that  would  be  the  case.  The  pressure 
would  be  so  great  that  it  would  be  nearly  idl  anuUI 
coal,  but  it  would  still  be  consnmable. 

948.  If  there  be  a  limit  to  the  depth  ot"  working,  in 
your  opinion  it  would  arise  from  that  cause,  that  the 
coal  would  become  so  much  deteriorated? — Yes,  so 
far  as  I  have  seen ;  but  it  must  be  a  very  great  deptJi 
before  that  would  be  the  case. 

949.  What  would  you  think  of  a  deptb,  we  will  say 
double  that  of  Dukinfield  ? — I  do  not  see  anything  to 
limit  it  to  less  than  that,  at  all  events. 

950.  What  state  would  you  expect  to  find  the  coal 
in  when  you  got  it,  or  in  -what  state  would  you  be 
able  to  bring  it  from  the  mine  at  that  depth  ? — Good 
round  coal ;  not  much  large  coal,  I  think. 

951.  According  to  what  you  have  already  said,  the 
proportion  of  small  would  be  at  all  events  greater  ? — 
Yes. 

952.  But  you  do  not  think  that  it  would  be  so 
much  increased  as  very  seriously  to  lessen  the  value 
of  the  coal  ? — No  ;  because  even  now  a  system  of 
working  is  going  on  which  causes  a  greater  amount 
of  small  coal  tlum  there  ought  to  be,  by  unng  too  modi 
powder.  Some  years  ago  we  did  not  use  half  the 
powder  that  is  used  now,  and  there  was  very  much 
more  large  coal  got  at  the  same  depth. 

953.  How  far  should  you  oonifder  it  praodeaUe  to 
driro  from  the  face  of  a  shaft,  ch-,  in  other  words,  how 
laige  an  area  could  you  woik  from  oae  shaft  or  one 
pair  of  shafts  ? — ^It  would  aU  depend  upon  whether 
you  looked  at  it  commercially  or  as  regarded  safety. 

954.  Looking  at  it  commercially  ?— So  &r  as  I  have 
seen,  I  do  not  see  any  diffleulty  in  drawing  out  two 
mileb. 

955.  So  that  you  could  win  an  area  of  four  mileB  in 

diameter  from  one  pair  of  shafts  ? — Yes. 

956.  Then  much  of  this  crushing  might  be  prevented 
by  having  the  workings  on  the  very  best  System, 
and  taking  care  to  have  good  pack  walls  to  tdce  the 
weight  off  the  face  work  ? — Yes  ;  and  having  first  rate 
managers  to  the  mines,  who  can  watch  the  action  of 
the  subsidence,  and  take  adranta^  of  iSi  sdendflc 
means  to  counteract  it. 

957.  And  not  to  drive  any  of  the  intermediate  levels 
until  jastai  Uie  very  time  when  they  txf  wanted  ? — 
Yee.  Fwinstance,  t^e  the de^ mine ;  there  is  nobody 
at  ^  to  mau^e  it,  and  therefore  the  men  do  just  what 
they  like,  and  this  to  be  the  rule.   If  they  W  a  proper 
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manager  tliere  I  do  not  lliink  the  coals  wonld  be  so 
badly  cniBhed  as  they  are  now. 

Xfo,  2.  Coal  produced  per  footper  acre. 

958.  (CAdtnnan.)  Where  the  coal  is  clear  of  Aulte^ 
and  vithont  natural  difficulties,  I  think  70U  have  stated 
that  it  is  neatly  ell  worked  out  ? — ^Yes,  neariy  all;  that 
Is,  as  ftr  as  tiie  workings  extend,  bat  not  the  ribs. 

959.  What  are  the  ribs  ? — I  could  point  out  a  thou- 
sand acres  that  are  left  as  barrier  ribs.  The  holdings 
are  small,  and  in  almost  every  lease  there  is  a  reserra. 
tion  of  20  or  30  aod  sometimes  40  yards  as  a  barrier 
against  the  adjoining  property,  because,  the  inclination 
of  the  seam  bdng  gi'eat,  the  water  is  down  upon  them 
direedy. 

960.  Then  is  there  any  lefl  on  account  of  bad  roof, 
or  floor,  and  as  posting  coals  ? — No  ;  it  is  left  to  keep 
back  the  water  ;  it  does  not  keep  the  water  back,  bnt 
it  keeps  it  from  coming  fast. 

9G1.  {Mr>  0eddes.)  It  keeps  it  from  craiing  in  a 
flood  ?— -Tea  ;  and  if  tha«  was  a  Uw  passed  that  mfflt 
who  were  getting  coals  within  the  reach  of  a  cotain 
pumping  engine  should  coutribute  to  it,  and  that  dis- 
trict made  like  public  property  as  regards  pumping 
water,  it  would  sare  at  least  a  thousand  acres.  - 

962.  {Sir  William  Armatrong.)  How  much  would 
that  be  per  cent.  ? — Taking  it  as  a  rule,  it  would  be,  I 
think,  about  12  per  cent,  upon  the  whole.  I  know 
one  property  in  particular  which  has  but  60  acres,  and 
out  of  that  there  are  4  acres  left  for  barriers. 

963.  (Chmrman.)  That  is  a  15th  part  of  the  whole? 
—Yea. 

964.  Are  these  barriers  likely  to  be  irrecOTCrably 
lost  ? — Yes,  I  think  tiiey  are. 

966.  Is  there  any  other  loss  arising  from  seams  being 
left  on  aooonnt  of  there  being  too  mnch  earth  between 
them  to  make  them  workable  at  a  profit  ? — ^Yes  ;  there 
is  one  very  valuable  seam  left,  ibnr  feet  thick,  and  the 
earth  between  it  and  the  next  seam  varies  from  two 
feet  up  to  eight  feet,  and  in  stxne  cases  rather  more ; 
that  is  never  worked  as  a  separate  woric,  bat  got  out 
of  the  goaf;  it  is  rifled  out  of  the  goaf. 

966.  As  much  as  they  can  pick  oat  ? — Yes ;  no 
slack  is  got  out  of  that  seam. 

967.  Would  the  proportion  of  slack  be  very  small 
that  is  obtained  there  ? — ^Yes,  very  small ;  there  is 
nothing  but  large  lumps  got. 

968.  Would  you  venture  to  state  the  proportion  that 
would  be  got  ? — Not  above  one  half. 

969.  Then  the  whole  of  the  remainder  wonld  be 
irrecoverably  lost  ? — Yes. 

970.  It  would  be  crushed  and  demised  to  each  an 
extent  as  to  be  valueless  ? — Yes.  Thi^  seam  is  on  the 
avoage  fioor  feet  thick,  and  then  under  it  is  say  nine 
feet  of  coal. 

971.  Supposing  that  this  restriction  wiUi  r^^ard  to 
woricing  the  seams  in  descending  order  which  has  been 
spoken  of  were  practised  there,  the  whole  of  that  other 
seam  might  be  got  out,  might  it  not  ? — There  is  no 
difBcuIty  in  getting  it  out,  but  it  would  depend  upon 
whether  the  landlords  let  it  by  the  acre  or  by  the  ton ; 
if  they  let  it  by  the  acre,  and  compelled  the  lessees  to 
do  as  you  say,  it  wonhl  not  be  wwked  as  it  ia  now. 

972.  If  they  compelled  them  either  to  work  it  cr  pay 
for  it  ?— Yes. 

973.  Thai  you  qnite  sj^rove  of  letting  coal  by  the 
foot  thick  per  acre,  rather  than  by  a  tonnage  ? — Yea  ; 
it  is  best  fen*  the  landlord. 

974.  {Sir  William  Jrnutromg,)  And  best  for  the 
coantry,  is  it  not  ?— It  is,  but  not  for  the  tenant. 

975.  {Mr.  Gedda.)  Aa  I  gather  from  yoarevidMice, 
yon  point  to  what  I  would  call  a  common  drainage  of 
lour  or  five  or  any  number  of  proprietors  ? — Yes. 

976.  Has  that  proporation  ever  been  entertained,  do 
you  think,  in  that  district  at  all  ? — ^Mr.  Smith  Ctuld, 
who  was  a  member  for  the  county,  and  who  is  a  very 
lai^e  coal  owner,  is  a  very  strong  advocate  for  it.  I 
have  often  had  conversations  with  him  about  it,  and 
he  is  astonished  that  there  is  not  someihing  done. 

977.  Do  I  nnderstand  you  rightly  that  these  batrien 
do  not  n^iuM  the  water  ?— 27 0  ;  th^  only  kflep  it 
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back  to  a  certain  extent ;  it  is  not  let  down  upon  the 
men  so  as  to  stop  their  working. 

973.  Then  is  the  water  ultimately  drained  upon  the 
devest  coUiery  ? — Yea;  there  is  one  ooUioy  where  they 
are  pmnping  water  from  abont  ten  mor^  and  every 
|dan  has  been  adopted  to  bore  through  those  ribs,  and 
drive  under  them  and  over  them,  a^  all  to  get  rid  o£ 
the  water. 

979.  From  what  you  know  of  the  district,  should 
you  apprehend  an  objection  to  that  proposal  of  joint 
drain^e  ? — ^I  do  not  think  there  would  be  an  objection 
to  it  if  they  could  be  assured  that  there  would  be  a  fair 
council  which  settled  the  amount  that  each  should 

980.  For  example,  assuming  that  they  paid  on  a 
tonnage,  and  one  colliery  was  taken  at  a  thousand  tras 
a  day,  and  another  at  only  60  or  100  tons  a  day,  wonld 
that  be  a  fair  way  of  doing  it  rateably  ? — I  do  not  see 
any  difficulty  in  the  way  of  doing  it  so. 

981.  You  think  it  might  be  ^ne  ?— Yes;  because 
th^  axe  now  getting  to  a  depth  tiiat  makes  all  fed 
tiiat  something  must  be  done.  I  think  another  great 
saving  would  be,  if  there  was  some  arbitration  fixed  to 
make  compensation  for  damage  to  property  instead  of 
first  going  to  trial,  and  then  settling  it  by  arbitration 
afterwards.  Supposing  my  house  was  injured,  and 
there  was  some  board  of  arbitration,  the  coal  proprie- 
tor might  say,  You  appeal  to  the  board,  and  what- 
**  ever  injury  they  say  I  have  done  you  I  vrill  pay  you 
"  for." 

982.  Are  yon  aware  that  in  the  Forest  of  Dean 
some  such  principle  as  I  have  been  pointing  at  is  in 
exercise  ? — Yes,  I  am  aware  of  it.  I  have  always  kept 
that  iu  view,  thinking  that  it  would  woric  particularly 
wdl  in  North  Staffordshire. 

JVo.  3.  The  order  of  working  the  seams, 

983.  {Chairman.)  In  those  three  counties  which 
you  have  spoken  is  there  any  order  observed  In  the 
working  of  the  seams  ? — ^In  North  Staffordshire  they 
almost  invariably  work  the  highhst  seams  first,  or  those 
which  they  consider  profitable  working  ;  bnt  they  pass 
over  a  great  number  of  seams  that  eventually  must  be 
worked. 

984.  And  in  Shropshii'e  ? — In  Shropshire  they  work 
them  in  almost  any  way  ;  they  are  almost  all  together. 

985.  How  do  they  work  them  at  Dukinfield  ? — 
There  they  pass  through  coals,  and  leave  them,  which 
will  eventually  come  to  be  worked.  But  the  North 
Staffiirdahire  field  is  so  rich  in  seams  that  tiiey  do  not 
i^pear  to  care  about  waiting  anything  that  is  nnder 
2  feet  6  inches  or  8  feet. 

986.  {Mr.  Geddet,)  Are  those  collieries  generally 
let  to  lesaeee,  or  are  they  in  the  hands  of  the  owners  ? 
^They  are  generally  let.  Very  few  owners  are 
working  their  own  seams. 

987.  Is  there  any  obligation  on  the  l^sees  about 
working  the  seams  in  succession  downward  ?— In  some 
leases  it  is  so ;  in  some  it  is  not.  In  most  of  the  leases 
it  is  not  obligatory. 

988.  Are  those  flat  lying  coals  ?— No,  they  are,  as  I 
said  before,  from  6  inches  to  ibo  yard  to  26  Inchea  to 
the  yard. 

(«Str  Wmiam  Armstrong.)  Do  you  find  it 
gmeraliy  the  case  that  when  you  begin  at  the  bottom 
instead  of  working  in  the  natural  order  dowmrards 
there  is  an  injury  to  and  deterioration  of  the  upper 
jeams? — ^As  fin-  as  my  experience  has  gone,  there  is 
a  vesj  serious  ii^nry ;  but  I  have  never  wwked  a 
seam,  or  seen  one  wnrked  that  I  could  watch  closely, 
tba  has  been  more  than  100  yards  deep. 

990.  But  are  yon  satisfied  that  as  a  general  rule 
there  is  a  loss  of  coal  involved  by  beginning  at  the 
bottom,  or  at  all  events  by  working  indiscriminately  ? 
' — ^I  think  there  is  a  great  loss. 

991.  And  that  in  a  national  point  of  view  the 
proper  way  would  be  to  work  the  seams  as  they  fire 
arrived  at  from  the  top  ? — Yes;  because  I  found  in 
this  one  which  I  worked,  where  there  was  a  subsidence 
whicli  was  greater  in  one  place  than  another,  the 
edUers  wOTj^ed.  tb^.  lu^iei^  strught.  Althougli 
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0  34  tiiere  ^  froata  nine  inehee  to  a  foot  under  their  hcde- 
T.WpHMfEaj,  ing  they  would  goon  etnught ;  they  would  not  go 

 •        wuh  the  curre,  the  same  ob  the  floor  and  the  roof 

18  Jmie  1868.   -^ci^i^  bnt  quite  straight,  leaving  this  coal  under  tbor 
holeing.   I  found  that  very  often  the  case. 

992.  Then  In  tlie  rarions  district  in  which  you 
are  engaged  do  yon  think  that  ife  is  a  fact  that  tbere 
is  a  large  proportion  of  coal  lost  by  the  present  iur 
discriminate  order  of  working  ? — So  far  as  we  have 
gone  now,  those,  coals  which  they  hare  left  have  not 
been  commenced  working  upon.  The  North  Staf- 
foi^ahire  district  is  so  rich  a  district  th&t  there  is  qiiite 
sufficient  for  them  to  work  by  a  descending  scale  in 
the  good  mines  without  touching  upon  those  small 
seams  that  eventually  must  be  worked. 

998.  Could  those  small  ones  be  worked  at  a  profit 
at  tiie  present  d»y  ? — ^Undoubtedly. 

994.  And  you  are  of  opinion  that  when  the  time 
comes  for  opening  them  out  th^  will  be  found  to  be 
considerably  injured  ?— Yes,  I  think  so,  because  I 
find  that  where  coaSs  are  taken  at  a  good  price  they 
ate  getting  seams  of  from  24  to  26  inches  thick  thi^ 
lie  between  two  sandstones. 

995.  Ton  have  instanced  one  case  in  which  yon 
say  that  one  half  of  the  coal  is  lost  in  ooosequ^oe  ?— 
ITCb  ;  that  is  in  one  particular  seam,  all  through  the 
district, 

996.  Do  yon  consider'  that  quite  exceptional? — 
I  do. 

997.  In  another  case  it  would  not  be  so  much  as 
that  ?— No»  because  they  pretend  to  get  it  with  the 
other  seam ;  but  it  is  not  got ;  it  is  so  mixed  up  with 
the  dl0&rw  that  no  small  coal  is  brought  oat. 

998.  (Mr.  Geddet  )  But  might  not  the  endeavour 
to  get  it  bXI  out  prevent  in  a  great  measure  the  lower 
aeam  being  got  ? — ^No,  I  think  not  I  think  t^e  dod 
whidi  is  between  the  two  coals  would  make  a  very 
CTcdlent  roof,  with  the  goaf  above  it ;  and  it  would 
certainly  be  safe,  for  I  find  that  with  the  worst  too& 
we  have  the  least  loss  of  life.  In  one  seam  (a  very 
good  seam)  I  have  not  had  a  death  for  seven  years. 

999.  (Chairman.)  But  sometimes  in  working  in 
the  descending  order  there  are  lower  seams  that  are 
not  perhaps  more  than  four  yards  under  the  seam 
already  worked,  and  they  are  sometimes  dunaged  ? — 
^es,  that  is  00 ;  that  is  where  theare  is  no  rock,  or 
uything  bnt  fire  clay  between  the  two  seams. 

No.  4.  Tie  coal  left  for  surface  support. 

1000.  (Chairman.)  In  addition  to  this  loss  which 
you  have  been  speaking  of  for  purposes  below  ground, 
can  you  tetl  Commission  anything  with  r^ard  to 
the  proportion  which  has  to  be  left  ftff  the  support 
of  bmMingtf  tm  the  surface? — I'  hare  known  100 
yards  left  all  round  a  building,  and  in  that  case  it  is 
now  being  got ;  rt  was  under  Maddey  Gonrt  in  l%rop- 
shire.  Mr.  William  Orme  Foster  purchased  the 
coals  underneath,  and  is  now  sacrificing  the  old  house, 
and  getting  the  coals  from  underneath  it,  having 
giten  a  large  price. 

1001.  The  coat  being  of  more  value  than  the 
danu^e  which  he  will  do  to  the  building  ? — Yes.  It 
is  the  best  way,  as  far  as  my  experience  has  gone,  to 
take  the  whcde  of  the  coals  mjm  undemealJt  at  onoe. 

1002.  (JIfr.  OAfiiM.)  To  take thea  at  first?— 'Yes.; 
to  clear  It  out  as  quick  as-poesible. 

1003.  {Sir  William  Arm$lrong.)  And  let  the 
bnildhigs  down  7 — ^Yes  ;  but  then  there  needs  to  be 
some  law  with:  regard  to  having  a  ctnnpulsory  arbi- 
tration, so  that  a  coal  master  shall  Imow  that  he  is 
only  going  to  pay  for  the  injni^  he  has  done,  instead 
of  having  to  pay  oOO/.  or  1,000(.  in  law  costs. 

1004.  (CAolratan.)  And  being  in  great  uncertainty 
as  to  what  amount  of  ctmpenntion  m%ht  be  awarded  ? 
—Yes. 

1005.  I  dareeay  you  have  known  of  a  great  deal 
of  litigation  upon  these  subjects  ? — There  has  been 
an  enormous  amount  of  lltigaUon  ;  th^  are  almost 
always  three  or  fouf  trials  eveiy  jeax  at  Stafford, 
entauiog  au'etionaoas-iiiaoiint  of 


1006.  In  faot,  if  anybody's  building  uty#here  near 
a  colliery  h[4>pens  to  crack,  he  is  almost  certun  to 
claim  damage  ? — Yes ;  if  he  is  within  half  a  mile. 
To  show  the  extreme  length  they  get  to  hi  that  I 
may  mentitm  tiiat  I  was  paaeuig  op  the  road,  ud 
thare  was  a  gate  poet  cracked.  I  heard  one  hoy  6u 
toanother,  "See  thatcradk,  lad?"  "Yes;  what  luu 
donetbat?"  He  said,  "Hiat  isRigby'sDelf.*'  Thit 
is  a  colliery  a  quarter  of  a  mile  off.  They  applied  it 
to  a  gate  poet ;  but  if  it  is  a  sandy  foundation,  or  aay- 
thing  of  the  kind,  and  a  man's  house  gives  way,  he  la 
certain  to  commence  an  action  against  the  cosi 
proprietor. 

1007.  Could  yon  suggest  any  means  by  whidi  snch 
matters  might  be  referred  to  any  one  ? — I  tliink  that 
each  party  might  be  compelled  to  choose  an  arbitrator, 
and  take  some  particular  person  (I  do  not  see  aoy 
objection  to  its  being  die  inspector  for  the  district) 
as  umpire  between  them,  to  see  that  justice  is  done, 
and  to  fix  the  amount  that  should  be  piid. 

1008.  {Mr.  Geddes.)  Is  not  there  in  the  leases  tn 
obligation  to  refer  to  wbitration  ?— No.  It  is  not « 
regu^  the  lessor  I  am  speaking ;  itisasre^trdspeopte 
trho  have  bouaea  near  to  a  colUery  that  the  qnestioo 
arises. 

1009.  (Cheurman.)  And  whose  property  may  or 
may  not  be  leased  to  the  colliery  workers  ?— Yes  j 
they  are  not,  as  a  fact. 

1010.  But  which  may  be  damaged  by  the  woii:iag3 
going  on  beyond  the  property  which  has  been  leased  ? 
— ^Yes.  Our  coimfy  is  not  like  Scotland,  or  tiie  North 
of  England,  where  it  is  a  long  march,  and  where  all 
belongs  to  one  owner.  We  have  very  fow  cases  indeed 
where  500  acres  belong  to  one  man,  Even  Mr.  Sneyd, 
who  is  the  largest  pn^etorperl^s  in  die  distriet, 
lus  his  coal  -propaiy  in  20  di^rent  {daces. 

No.  S.  Gaurai  matterg. 

1011.  {Ckmrtnau.)  Is  there  ni^  power  fat  uoiting 
iSiose  small  properties  which  you  have  spoken  of  ?— 
None  at  all. 

1012.  So  that  for  deep  winnings  it  might  seem 
almost  impossible  to  get  a  sufficiently  large  ares  to 
make  it  worth  while  to  sink  it  ? — ^Yes.  As  eoan  as  one 
man  finds  another  property  is  let,  he  wants  20  or  3^ 
per  cent  advance.  He  says.  You  have  got  yonr 
shafts  down.  You  shall  not  have  my  coal  unlesB  you 
will  give  so  and  so ;  and  we  find  it  cut  ofi^  I  knov 
cases  where  the  parties  who  had  sunk  the  shaft  would 
not  submit  to  the  imposition,  and  would  not  have  it 
at  any  price. 

1019.  Where  tiie  coal  has  been  nnwoi^ed  in  coo* 
sequence  ?— Yes,  and  never  will  be  recovered. 

1014.  It  has  become  isoUrted,  and  has  been  left  ?— 
Yes ;  I  know  several  cases  of  that  kind. 

101£.  In  the  course  of  your  experience,  I  daresay, 
yon  have  met  with  many  places  where  there  have 
been  old  workings,  and  where  the  workings  are  now 
filled  with  dead  water,  and  where  there  are  no  plana  ? 
— ^Yee ;  that  is  a  very  serious  thing,  as  regards  danger. 
They  are  worked  out,  and  the  landlords  have  not  had 
a  la^e  mining  property,  and  it  has  been  very  slovenly 
looked  after,  and  what  has  become  of  the 
nobody  knows. 

1016.  Possibly  there  are  some  instanoes  in  wliieb 
encroaohmeote  have  been  made  ? — I  know  of  sereral 
encroachments,  that  eventually  may  lead  to  a  great 
number  of  men  being  drowned  out,  unless  the  bore- 
hole la^ciple  'a  stnetiy  a^iered  to.  I  saw  (me 
which  seemed  likely  to  lud  to  so  mndi  danger  that  I 
said,  **  Do  the  other  parties  know  about  this?  "  They 
said,  "  Oh,  yes."  ''Because,"  I  said, "  it  will  become 
"  serious  shortiy."  I  went  to  the  other  party,  and 
said,  "Have  you  got  that  enoroaohment  on  your 
"  plans  ?  They  tell  me  you  know  all  about  it,  and 
»  thereforelhavetheless  delicacy  inspeakiogtoyou." 
I  found  that  they  had  never  heard  a  word  about  it, 
and  I  got  into  a  sad  8(7ape  for  disdceing  it.  I  was 
obliged  to  see  the  parties,  and  show  them  it  was  their 
own  &nlt ;  tbey  ought  to  have  told  me  it  was  a 
secretr  ' 
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1017.  Although  the  Act  for  the  regulation  and 
inspection  of  coaJ  mines  requires  plans  to  be  kept  up 
of  all  the  workings,  this  lack  of  correct  plans  of  the 
properties  is  to  a  certain  extent  being  perpetuated  ? 
~Yee.  Hj  own  opinion  is,  that  there  onght  to  be 
some  place  in  every  coud^,  or  in  ererj  district  in 
which  to  deposit  the  plans,  and  that  thej  shoald  be 
there  to  be  referred  to. 

1018.  Have  you  met  with  much  jealounr  on  the 
part  of  woi^ani  of  0(^ierie8  to  show  their  piaiu  ? — It 
would  all  depend  upon  the  persons  who  wwe  ap- 
pointed to  receive  them  and  ke^  them.  I  never 
found  any  difficulty  in  getting  a  good  plap,  I  asked 
for  it.   I  never  experienced  the  slightest  objection. 

1019.  But  by  virtue  of  the  Act  of  Parliament  you 
have  a  right  to  ask  for  all  those  plans  ;  therefore  there 
can  be  no.  delicacy  in  your  case  ? — Yes  j  but  I  have 
no  right  to  take  a  tracing }  but  I  have  found  no 
delicacy  about  that,  or  jealousy  on  their  pai  t  in 
giving  me  a  tracing,  if  I  ask  for  it. 

1020.  Have  you  found  any  delicacy  on  the  part  of 
one  colliery  owner  in  letting  another  see  where  his 
workings  extend  ? — Yes  ;  th^  will  not  do  it.  Tf  they 
had  not  confidence  in  me  they  would  not  let  me  have 
a  tracing  o£  their  plans. 

1021.  {Mr.  Geddes,)  Has  Ais  encroachment  to 
which  you  referred  occurred  since  the  Mines  Regu- 
lation uid  Inspection  Act  was  pasmd  ? — It  has. 

1022.  (Chairman.)  With  regard  to  all  thoae  ribs 
and  pillars  and  barriers  of  which  you  ^ke  as  being 
left  in  and  round  the  different  properties,  is  there  any 
correct  record  of  those  kept  ? — Not  so  correct  a  record 
as  there  onght  to  be  ;  they  are  marked  upon  nearly  all 
the  plans. 

1023.  Do  you  think  that  there  is  sufficient  care 
taken  of  those  plans,  when  a  colliery  is  discontinued, 
to  make  them  now  serve  the  purpose  of  any  useful 
record  ? — ^No  ;  because  when  a  man  l^ves  his  colliery 
he  can  take  his  plans  away  with  him*  and  in  a 
great  number  of  cases  the  landlord  has  no  capj. 

1024.  As  a  fact,  are  many  of  those  plans  really 
treated  in  such  a  careless  manner  that  they  cease  to 
exist  after  a  lapse  of  years  ? — The  partiea  never  seem 
to  think  they  are  of  any  value  when  they  have  ceased 
working. 

1025.  As  regards  proving  different  coal  fields  by 
bore  holes,  is  there  any  system  of  keeping  any  record 
of  what  has  been  proved  ? — No.  If  anybody  gets  hold 
of  it  they  will  go  and  part  with  the  recora  for  a 
trifle. 

1026.  Having  pud  for  it,  they  consider  it  their 
property  ? — Yes  j  and  they  think  they  may  take 
advantage  of  it. 

1027.  ReaOy  as  a  fact,  as  you  go  through  your 
visits  of  inspection,  do  your  find  people  over  and  over 
again  proving  the  same  thing  ? — Yea. 

1028.  That  which  has  been  proved  before?^ 
Yes. 

1029.  That  might  be  prevented  if  we  had  a  proper 
i^Htem  reemding  these  matters,  such  as  they  have 
in  France  Yes.  Here  is  a  case  now  going  on 
where  they  are  spending  some  hundreds  of  pounds  in 
proving  what  has  been  proved  beyond  measure. 

1030.  Then,  as  regards  this  boring  under  such 
large  bodies  of  water,  in  fact  places  overflowed  by 
the  sesy  as  Lord  Mostyn  has  spoken  of  this  morning, 

The  witne 


mj^t  thwe  not  advantageously  be  seme  reatrictEons      (J  35 
in  regard  to  creating  what  may  be  a  serious  damage  T.Wfima,  Baq. 

heret^lber  ? — I  was  surprised  to  hear  that  such  a   

thing  had  been  done  where  there  was  a  constant  flow  18  Jane  1868. 
of  water  over  it. 

1031.  Have  you  not  heard  of  many  instanoes 
where  bore  holes  are  being  d«}y  put  down  through 
quick  sands,  which  are  as  bad  as  the  sea^  and  which 
may  open  oranmnnicationa  from  them  down  to  the 
lower  seams  ? — Genarally  q>eaking,  the  rocks  below 
the  sand,  where  there  is  sand,  are  so  strong  that  it  ia 
a  difibrent  case  to  where  water  is  flowing  over. 

1032.  Still  there  is  a  poesibility  of  a  bora  hole 
even  there,  thronj^  di^,  being  left  open  for  many 
years  ?— Yes. 

1033.  I  dare  say  you  have  known  instances  where 
the  water  has  bwn  pumped  through  clay  for  many 
years  ? — ^Yes  ;  I  know  an  instance  of  that  now. 

1034.  Do  you  think  it  would  be  possible  to  get 
such  a  tribunal  to  refer  these  things  to  as  would  at 
the  same  time  possess  the  confideuce  of  colliery 
owners,  and  not  interfere  with  their  working  com- 
mercially as  rq^arda  their  neighbours,  and  alM>  meal 
with  tiio  satis&etiiHi  of  the  eonntry  ? — think  there 
would  be  no  difficulty.  I  do  not  think  that  aaythuig 
should  be  done  to  interfere  with  the  coalowners  ootA*, 
meraially,  but  for  the  [notection  of  the  deq[>er  ooals 
that  are  left  restrictions  should  bo  put  upon  persons, 
but  nothii^  ccHnmerdally. 

1035.  Tour  su^estion  then  was  that  there  should 
be  a  deposit  office  in  each  connty  ? — Yes.  I  do  not 
think  it  would  be  effective  if  the  office  was  in 
London. 

1036.  The  sol^eet  ia  too  huge  fw  the  pluis  to  be 
collected  all  together  ?— Yes,  I  think  it  would  be 
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1037.  In  foct  the  plans  of  one  lai^  collieij  would 
take  up  all  the  ordinary  stowage  room  that  ^ey  have 
got  in  the  Record  Office  here  ? — It  would  be  about  the 
same  as  going  to  look  at  a  copy  of  a  wiU.  If  it  was 
close  at  hand  in  the  connty,  a  man  would  go  to  the 
office  where  it  was- kept,  and  he  would  look  and  see 
what  the  plan  was,  supposing  it  was  an  old  {^m. 
and  he  would  make  his  cidcnlations.  But  if  the  plans 
were  kept  in  London  he  would  think  much  Ae 
expense ;  it  would  involve  such  an  enormous  search. 

1038.  If  anything  shonld  be  done  upon  such  a 
matter,  it  would  have  to  be  under  the  control  of 
persons  who,  like  the  inspectors  of  mines,  are  pro- 
hibited by  Act  of  Parliament  from  acting  fl6  rpimng 
engineers  ? — ^It  must  be  so  ;  it  could  not  be  mining 
engineers.;  it  must  be  somebody  ^t  the  public  faavB 
ctmfidence  in. 

1039.  And  who  are  re^y  prevented  by.  restrictions 
fnMn  nang  the  information  to  the  disadvantage  of  any 
colliery  workers  ?— Yes. 

1040.  As  it  is  now,  owing  to  tUs  uqcertunty  which 
prenib  aa  to  where  the  dead  waiter  lie%  butiera  may 
not  nnfrequently  have  to  be  left  oonaidwably  Isrn^ 
than  th^  would  be  if  the  outline  of  tiie  old  wwk^gs 
were  stricUy  known  ? — It  wae  that  which  led  me  to 
nune  this  rarcomstance.  I  knew  they  were  leaving 
a  barrier  of  about  20  yards,  and  the  ^naroaohment. 
was  about  25  yarde,  and  I  saw  that  if  ih^  did  not 
keep  the  bore  hole  exactly  in  the  right  position  they 
would  thurl  through  into  Uie  water,  when  they  thought 
they  were  leaving  a  barrier  of  20  yardp. 

I  withdrew. 


John  Edwabd  Mammatt,  Ksq.,  of  Bamsley,  Yorkshire,  examined. 
No.  1. — The  tyttem  oj  working. 


1041.  {Chairman.)  I  believe  you  are  a  mining 
engineer  in  practice  in  a  portion  of  the  Yorkshire 
coal  field  in  the  neighbourhood  of  Bamsley  ?— Yes,  I 
am. 

1042,  Having  heard  the  evidence  of  Lord  Mos^n, 
Mr.  Greenwell,  and  Mr.  Wynne,  perhaps  you  can,  with 
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as  few  questions  as  possible,  give  us  an  outline  of 
your  views  upon  the  points  which  have  been  alluded 
to,  commencing  firat  with  the  system  of  working  ? — 
Yes.  Here  1  have  a  plan  showing  10  diffenaut 
systems  of  work,  all  varying  a  little  from  each  other, 
which  are  now  in  practice  in  the  neighbourhood  of 
Bamsley.  The  workinga  an  entirely  confined,  except 
in  one  instanee,  to  the  two  miun  fleams,  the  rarasl^ 
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J.E.MammaU, 
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C  36  coat  and  the  Silkstone  or  Black  shale.  No.  1  sketch 
J.£.MammaUt  shows  a  modified  long-wall  system  as  worked  in  the 
^'9-  Barnslej  coal,  where  it  is  seven  feet  9  inches  thick, 
"  and  the  roof  moderately  tender.  The  end  of  the  coal 
here  is  level,  and  the  long-wall  faces  are  worked  up 
about  80  yards  on  the  rise  in  the  first  instance,  so  far 
as  these  dotted  lines  extend.  The  rise  is  1  in  10  ; 
The  dotted  lines  show  the  packed  gate  roads 
through  the  goaf  or  waste.  Whilst  this  is  heing 
done^  levels  are  driven  in  advance,  and  on  the 
rise  of  the  working  faces,  through  the  solid,  about 
44  yards  apart,  and  slits  at  33  yards  apart,  which 
are  cairied  down  to  the  banks  below  when  they 
have  reached  about  80  yai-ds  from  the  opening-off 
level,  and  the  coal  is  then  drawn  up  hill  through 
the  solid,  leaving  the  waste  to  fall  up  behind,  and 
these  gate  roads  to  fall  in  also.  The  reason  of 
that  is  that  it  does  not  answer  to  carry  these  packed 
gate  roads  more  than  80  or  100  yards  up.  When 
they  have  reached  that  distance  it  is  found  that  the 
cost  of  keeping  these  {/ato  roads  in  repair  ia  more 
than  the  cost  of  driving  these  levels  in  advance, 
because  in  driving  the  levels  you  get  the  coal,  which 
pays  for  itself,  but  by  the  other  system  the  cost  of 
road  repairing  is  constant,  and  there  is  not  the  value 
of  the  coal  to  set  against  it.  No.  1  is  a  system  now 
at  work  at  a  colliery  about  five  miles  ii'om  fiamsley. 


No.  1. 


1043.  What  is  system  No,  2  ?— System  No.  2  is  in 
the  same  colliery  ;  that  is  called  the  old  Yorkshire 
system  of  banks  and  following  up  banks.  This  is 
totally  discontinued  now,  and  I  do  not  think  it  has 
anything  to  recommend  it.  It  is  in  the  same  seam. 
It  consists  of  driving  levels  as  before,  and  then  driving 
board  gates  at  right  angles  to  the  level  about  80  or 
100  yards  apart,  and  then  commencing  a  bank  about 
20  or  24  yards  wide,  leaving  the  pillars  15  or  20 
yards  on  each  side  ;  that  is  carried  right  up  as  far  as 
the  Doundaiy,  or  to  another  pair  of  levels  above.  When 
they  have  got  up  a  certain  distance  a  slice  is  taken  ofi 
each  side  of  about  six  or  eight  yards  ;  that  is  carried 
up  some  distance,  and  then  another  slice  is  taken  off, 
weakening  the  pillars  at  each  operation. 


1044.  What  is  No.  3  ?— No.  3  is  at  the  same 
colliery  and  in  the  same  seam. 

1045.  The  same  shaft  ? — Yes ;  that  is  worked  down 
hill.  It  was  only  an  experiment,  and  it  did  not 
answer  at  all. 

1046.  The  weight  was  too  much  ? — Yes,  the 
weight  crushed  it  altogether.    They  were  worked 


No.  3. 
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down  hill  so  far  as  this,  and  what  little  water  there 
was  in  the  mine  had  all  to  be  drawn  up  from  Ihete 
bank  faces.  The  weight  on  the  coal  crushed  it  to 
such  an  extent  that  they  went  back  to  No.  1  plan,Bnd 
they  have  never  tried  it  since. 

1047.  {Mr.  Geddeg,)  What  is  that  distance  there 
{pointing  to  the  plan)  ? — About  160  yards.   It  wu 
not  carried  down  in  the  long-wall  face  as  you  see  iL 
The  banks  were  first  carried  down  in  strips  of  about 
30  yards  in  depth,  and  then  the  pillars  between  were 
worked  back  up  hill.    No.  4  shows  the  old  Yorkshire  I 
system  at  another  colUeiy  where  the  level  of  the  coal  I 
is  difierent.    The  end  of  the  coal  at  this  colliery  ilip« 
about  1  in  16,  while  in  Nos.  1  and  2  it  is  level,  but  ii  I 
had  the  same  effect  in  crushing  the  coal  as  in  the  ' 
other  case  in  No.  2,  and  it   has  been  now  quite 
abandoned.    No.  5.  is  the  long-wall  eastern  as  pnc-  | 
tised  at  the  same  colliery. 

1048.  {Chairman.)  In  No.  4,  which  yon  say  hu 
beon  abandoned,  was  the  coal  worked  back  from  the  | 
extremity  or  worked  forward  ? — It  was  worked  for- 
ward, and  then  slices  were  taken  off  each  side  u 
before. 

No.  4. 


1049.  Witli  following  up  banks? — Yea.  No.  5  is 
in  the  same  pit,  and  it  is  the  modified  iuDg-waii 
system,  only  in  this  case  the  levels  in  advance  have 
not  been  di-iven,  and  the  gate  roads  are  carried  up  to 
about  80  yards,  as  before,  and  then,  instead  of  driving 
levels  through  the  solid,  we  let  these  gate  ro»ds 
behind  close  up  and  pack  a  level  across,  and  that 
saves  the  expense  of  keeping  up  this  distuice  of  80 
yards  of  packed  gate  roads,  which  would  have  to  ho 
kept  up  otherwise. 

No.  5. 


Digitized  by 


as  WASM  IN  WOEKING. 


3^ 


Ktea  lliroagh  the  goaf t—Hiroagh  the  g<nf.  It 
is  the  same  in  effect  as  the  other  syatem. 

1051.  Except  that  70a  shorten  the  length  of  goh 
road  to  be  kept  open  ? — Yes^  exactlj.  No.  6  shows 
a  mode  which  has  been  recently  introduced  into 
the  Bamtdey  coal  field.  I  only  know  of  one  colliery 
where  it  is  at  present  at  work,  and  there  it  has  not 
been  thoroughly  tried  yet. 


K0.6. 


1052.  That  is.  taking  out  half  and  leaving  half 
Yes,  nearly  half.  A  pair  of  levels  is  driven,  and  hanks 
18  yards  wide  started,  leaving  24  yards  of  pillar,  about 
six  hanks  in  each  panel,  and  then  would  come  another 
pair  of  board  gates,  leaving  a  larger  pillar  dividing 
the  coal  Held  into  panels.  These  banks  are  not 
intended  to  bo  carried  up  more  than  about  100  yards, 
and  then  another  pair  of  levels  are  to  be  driven  in 
front  of  them. 

1053.  That  is  really  the  pillar  imd  stall  system  ? — 
Yes ;  it  is  a  sort  of  pillar  and  stall  system.  When  they 
have  reached  the  100  yards,  they  come  back  to  the 
top  slit,  and  lake  a  piece  of  seven  yards  off  each  side 
of  the  pillar  next  the  top,  and  then  the  remaining 
ten  yards  are  worked. 

1054.  That  is  -taking  the  pillai'S  out  as  each  of 
these  banks  or  stalls  has  reached  the  appointed 
distance  ? — Ye^  at  ahont  100  yards.  The  oou  there 
nses  about  1  in  12.  No.  7  shows  a  system  of  working 
the  Silkstoue  coal  which  has  been  recently  introduced  ; 
The  end  here  (pointing  to  the  plan)  is  level;  it  ia 
driven  to  the  boundary  every  22  yardS}  with  boards 
intersecting  every  66  yards. 


No.  7. 


1055.  Then  that  is  very  much  like  the  system  as 

practised  in  Lancashire  and  Cheshire  ? — Yes,  it  is. 

1056.  Both  in  Lancashire  and  Cheshire,  in  the 
collieries  where  these  things  are  thoroughly  under- 
stood and  practised  as  they  ought  to  be,  these 
intermediate  levels  are  not  driven  until  just  at  the 
time  when  they  are  about  to  be  wanted.  Is  that 
attended  to  in  those  Yorkshire  workings  to  which 
you  are  alluding? — At  this  colliery  it  has  not  been  in 
operation  more  than  nbont  two  years,  bat  their 
intention  is  to  complete  it  to  the  boundary  first. 

1057.  Do  they  intend  to  drive  all  this  straight 
work  b^ore  it  is  wanted? — Yes^  that  is  their 
intention. 

1058.  Do  you  think  they  have  thoroughly  wtnghed 
Ike  consequences  as  to  how  much  these  stnUght  ends 
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and  boards  will  beconie  squeezed  ?— We  do  not      q  w 
anticipate  any  crush  upon  the  seam.  j  £  MammaU 

1059.  Then  they  must  be  placed  under  very  favor-  '  '  jSaq. 
able  circumstances  ? — They  are,  in  some  respects.   

1060.  As  regards  roof  and  floor  and  strength  of  I*  Jww  1868. 
the  coal  ? — On  arriving  at  the  boundary  they  h^ln 

to  work  the  coal  by  a  species  of  long  wall,  leaving 
the  goaf  behind  diem  partW  on  the  rise  ;  but  it  has 
not  been  sufficiently  tested  yet  to  show  whether  it 
will  thoroughly  answer  oi-  not.  The  system  they 
had  in  work  did  not  answer  which  is  shown  in  tlie 
next  plan  No.  8.  That  ia  long  waU,  the  same  as  No. 
8,  hut  the  long  wall  in  the  Silkstone  coal  did  not 
answer,  on  account  of  the  floor  being  very  hard,  and 
the  coal  tender,  and  when  a  great  breadth  of  coal  is 
taken  out  at  once  the  crushing  at  the  face  will  convert 
a  great  proportion  -of  it  into  slack  ;  they  abandoned 
that  entirely,  after  a  trial. 

1061.  In  what  does  No.  8  differ  from  No  5?— In 
nothing ;  it  is  the  same  system,  only  applied  to  the 
Silkstone  coal. 


No.  8. 


1062.  To  a  different  seam  ?— Yes.  These  are  tracings 
from  the  colliei^  plans,  except  this,  which  is  an 
imaginary  one  ;  it  is  only  to  show  that  the  same  system 
will  not  apply  to  the  Siucstone  coal  that  ap|dies  to  the 
Barnsley  coai. 

1063.  I  think  the  Silkstone  seam  is  not  over  the 
Barnsley  ? — ^No,  it  is  not,  it  is  350  yards  below  the 
Barnsley.  No.  9  is  in  the  same  colliery.  This  is  the 
old  Yorkshire  system,  which  was  first  applied  when 
this  colliery  was  opened,  but  that  did  not  answer 
cither,  the  crush  was  just  the  same  in  working  these 
pillws  off. 


1064.  Would  that  be  the  same  as  No.  2  ?— Yes, 
with  this  difference,  that  the  following  up  banks  were 
only  taken  off  one  eide,  not  both  sides  ;  that  wae 
merely  for  purposes  of  ventilation.  It  was  impossible 
to  ventilate  with  banks  on  both  eidcs,  and  this  being 
the  most  fiery  seam  in  the  district  it  was  found 
dangerous  to  continue  it.   No.  10  shows  the  Melton 

No.  .10. 


Field  coal,  which  is  a  thin  seam  lying  about  170  yards 
above  die  Barnsley  which  has  only  been  very  partially 
worked.   That  is  the  old  Yorkshire  syatom  agiuu  ; 
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Ci3$      ttuit  to  the  NOM.^  No.  2  and  No.  4.   li  ansvered 
EMammatty  Tery  well  aa  fiir  as  it  went,  but  there  are  no  seavs  u 
work  now  worth  speaking  of,  except  these  t^o,  the 

  Bamslej  and  the  SUkatone. 

June  1866.  jQgg  -^^^  r^ard  to  these  10  akeiches  of  ajnieau 
of  working  as  practised  in  the  ndghhonrhood  of 
Barasley,  is  there  any  one  of  them  in  which  all  the 
advantages  that  have  been  spoken  of  by  Mr.  Greenwdl 
and  others  as  being  practised  in  Lancashire  and 
Cheshire  are  being  rally  carried  out  ?— -No  ;  I  do  not 
think  there  is  any  one  system  in  which  they  can  be 
carried  out  entirely. 

1066.  There  is  not  one  in  which  the  levels  are 
driven  to  the  extremity,  and  the  intermediate  levels 
<mly  driven  at  the  time  when  they  are  about  to  be 
wanted  ? — No. 

1067.  And  the  work  commenced  at  the  far  end  ? — 
No,  I  do  not  think  it  could  be  universally  practised  in 
South  YoriEshire  ;  for  this  reason,  that  when  a  coUieiy 
is  itarted  the  pn^rietors  often  do  not  know  how  much 
more  coal  they  may  require  ;  they  may  lease  500  acres 
to  begin  with,  and  when  that  is  almost  worked  out 
they  may  take  another  SOO  acres,  so  that  it  is  im- 
possible to  drive  oat  to  the  ultimate  boundary  in  the 
first  instance. 

1068.  I  suppose  that  that  objection  applies  equally 
to  Lancashire  and  Cheshire  as  to  South  Yorkshire  ?— 
Unless  they  settle  their  boundaries  at  the  beginning, 
and  determine  never  to  go  any  further,  I  do  not  see 
how  it  can  be  got  over. 

1069.  You  have  a  very  hu^  quantity  of  fire 
damp  to  deal  with  In  some  of  thoae  xorkdiire  mines  ? 
—Yea. 

1070.  Do  Ton  find  it  very  dtuigerous  to  have  those 
goafs  tying  m  the  middle  of  your  mines  ? — ^It  is  a 
great  elranent  of  danger,  no  doubt. 

'  IC^l.  If  you  could  drive  out  to  the  extremities,  as 
is  done  in  Lancaahire  and  Cheshire,  you  could  get 
rid  of  some  of  them,  could  you  not  ? — ^Yea,  some  of 
them ;  but  I  do  not  think  we  conld  dbriate  it ;  tiuiit 
would  not  guard  against  sudden  outburstB  which  come 
in  the  straight  work  occasionally. 

1072.  Do  you  not  find  that  those  pillars  get 
crushed  ? — They  do,  under  some  systems,  undoubtedly; 
under  No.  4  and  No.  2  they  do. 

1073.  On  the  whole  yonr  coal  is  tolerably  hard,  and 
stands  dealing  with  m  any  way  ? — Generally  speaking 
it  is,  except  Uip  Silkstone,  which  is  a  veiy  tender  coaL 

1074.  The  principal  bed — the  Bamsley  bed— as  a 
very  hard  one,  is  it  not  ? — Yes,  generally. 

1075.  Tiken  the  fact  of  having  to  take  extenuons  of 
inopertieB  has  been  the  principal  reaecm  whidi  hag 
prevented  the  South  Ycvkshiro  cool  owners  fixmi 
driving  out  to  tiie  extremitjr  ? — ^Yes,  it  has,  as  well  as 
the  custom  of  the  district 

1076.  You  are  in  favour  of  snch  a  plan,  as  I  gather 
from  your  evidence  ? — am,  if  it  conld  be  carried  out, 
decidedly ;  that  is,  tapping  the  whole  field  to  begin 
with ;  but  then  there  is  tide  question  of  preliminary 
expense,  as  aB  this  drivage  will  not  pay  for  a  nnmb^ 
of  years.  If  levels  and  bord  gates  have  to  be  driven 
for  1,000  or  2,000  yards  all  round  your  pit,  it  will  be  a 
great  many  years  before  you  can  win  any  coaL 

I077<  Under  what  has  been  spoken  of  as  the  best 
system,  those  levels  round  the  pits  would  not  be  driven 
until  they  were  about  to  be  wanted  ;  the  intermediate 
levela  would  <mly  be  driven  at  the  fiu*  end,  just  at  the 
time  they  were  wanted,  and  tiie  preparation  levels 
would  reaUy  onljr  be  driven  at  the  time  when  the 
ottter  straight  wtnk  woe  about  being  worked  c^?— We 
dionld  always  have  to  drive  double  roads. 

1078.  I  think  the  Oaks  Cdliery  at  Bamsley  was  to 
a  certain  extent  under  your  management  ? — Yes. 

1079.  That  ^ves  off  a  large  quantity  of  fire  damp, 
does  it  not  ? — It  does,  a  very  lai^e  quantity. 

1080.  During  the  months  that  that  pit  lias  been  shut 
up,  can  you  say  what  the  average  quantity  of  fire  damp 
has  been,  which  has  been  given  off  per  minute  in  cubic 
feet  ? — It  was  a  difficult  thing  to  measure  it  exactfy, 
but  it  was  done  on  one  or  two  ooeasiooa  when  it  was 
ftrat  ahnt  up.  An  eeoHpe  pipe  was  put  down  through 


the  pimSalA.  with  yf^th.  .tfae  pit  .ir^a  doaed,  and  tfie 
greatest  amount  I  remember  that  was  given  off  was 
about-1,200  cubic. feet  per  minute.;  that  was  with  a 
small  ^nemmneter,  bat  the  average  was  only  about 
half  diet 

1081.  That  WHS  about  W  cubic  feet  per  minute? 
— Yes  ;  it  waa  about  an  aven^  of  SOO  to  GOO  cnlnc 
feet. 

1082.  And  since  the  mine  has  been  opened  too 
have  had  an  immense  magazine  of  fire  damp  ? — les  ; 
but  it  has  not  been  nearly  so  great  as  I  expected. 

1083.  But  the  old  workings  are  fiUed  with  it,  are 
they  not  ? — They  are,  as  far  as  we  have  gone,  to  a 
certain  extent ;  but  it  does  not  appear  to  give  off  fire 
damp  now  as  freely  as  it  did. 

1084.  The  quantity  seems  to  have  fallen  off  a  little  ? 
— Yes,  that  is  so ;  it  varioi  with  the  height  of  the 
barometer. 

1085.  Was  not  it  found  in  the  opening  of  that  mine 
that  by  the  expansion  and  contraction  of  tiiat  la^ 
body  of  gas  you  could  aetuolfy'  tell  whui  thwe  was 
going  to  be  a  fall  of  the  boroauter  or  a  rise,  before  it 
was  indicated  by  any  instruments  already  in  use?— 
Yes  ;  I  have  known  it  indicated  as  much  as  three  hom^ 
before  any  change  conld  be  detected  in  the  barometer 
on  the  surface. 

10^.  So  that  you  have  the  most  delicate  barometer 
that  can  be  constructed  ?— Yes,  we  had,  when  that  pipe 
was  in  ;  it  was  a  barometer  133  yards  long. 

1087.  Has  it  occurred  to  you  to  conaider  whether 
this  immense  quantity  of  fire  damp  which,  is  being 
given  off  in  these  faults  might  be  utilised  ? — ^Yes ;  we 
did  utilize  it  at  the  Oaks  Colliery. 

1088.  In  opening  these  lai^  fields  would  it  not  be 
advantageous  to  hare  occasional  bore-holes  to  drain  off 
some  of  this  gas  before  it  has  to  be  encountered  ?— I 
should  question  whether  you  would  get  much  frcmi  tbe 
bore-tudiBe.  It  comes  just  as  it  likes.  Yon  may  tq>  % 
large  reservoir  wh^  yon  least  expect  it,  and  you 
may  have  hundreds  of  bwe-holes  and  no  gas  maybe 
perceptible  at  them. 

1089.  {Mr.  Geddes.)  I  gather  from  your  evidence 
that  you  are  only  feeling  your  way  to  what  will  be 
ultimately  the  best  mode  of  working  this  coal  ? — That 
is  true,  in  a  certain  sense.  I  have  made  up  my  mind, 
from  what  I  have  seen,  as  to  what  is  the  most  economi- 
cal, and  the  best  mode  of  working. 

1090.  (Sir  William  Amutrong.)  What  is  that?— 
No.  1 ;  but  I  must  qualify  that  by  saying  th&t  a  system 
which  answers  well  in  one  pit  will  not  answer  weQ  in 
another.  No.  1  system  would  not  answer  so  well 
at  the  Oc^  Colliay,  the  level  of  the  coal  bung 
diffierent 

1091.  {ChaimuM.)  It  is  different  with  regird  to 
the  cleavage  of  the  coal  ? — Yes.  At  the  Oaks  CoOieiy 
the  expense  of  keeping  up  tiiose  gate  roods  would  not 
be  so  great  as  at  LnndhiU,  where  that  sketch  is  taken 
frx>m. 

1092.  {Mr.  Geddei.)  But  in  all  of  them  you 
manage  of  course  to  get  the  greatest  quantity  of  coal 
away  you  can  ? — Yes,  the  greatest  quantity  of  large 
coat 

1093.  {Sir  William  Armstrong.)  At  the  least 
cost  ? — ^At  the  least  cost  and  leaving  as  few  piTIarB  as 
possible. 

1094.  {Mr.  Gtdtle$.)  Do  you  find,  upon  tite  whole 
^tem»  No.  5  more  amilicable  to  the  trealment  of 
your  file  dtaoff  with  aafe^  than  the  othw  ifystnu  ?— 
In  some  respect  it  is ;  in  others-  it  is  not  It  is  not 
advisobte  to  have  a  large  resoroir  of  gas  behind  you, 
as  you  must  have  if  you  carry  this  hmg-vall 
system  up  to  any  great  height,  but  by  driving  leveh 
in  frvnt,  ns  is  done  in  No.  1  system,  you  to  some 
extent  tap  the  gas  before  hand.  Still,  I  have  known 
sttddoik  oatbnists  under  that  trystem  as  well  as  under 
this. 

1095.  I  suppose  there  will  oe  sudden  outbursts 
under  any  system  ? — ^Yee  ;  we  find  it  impossible  to 
guard  against  them. 

1096.  Would  it  not  be  an  improvement  upon  this 
long- wall  system  to  have-  this  thrown  behind  thif 
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(pomimff  to  dke  «AefeA)  ae  yon  advance,  and  to  ham 
this  wall  nuifonn  in  tills  way  ? — No ;  the  weight  then 
on  the  coal  face  would  be  so  great.  You  find  by  leaving 
pieces  of  about  from  S  to  10  yards  you  decrease  the 
weight  thrown  on  the  coal  face. 

1097.  It  comes  more  gradually  upon  the  fofje ;  it 
acts  as  a  sort  of  pillar  ? — 'The  long  wall  as  practised 
is  Derbyshire  and  Leicestershire  would  not  answer 
with  this  coal ;  the  cod  there  is  of  a  very  much 
harder  texture. 

1098.  We  hare  it  upon  the  uniform  system  iu  our 
Scotch  coal  fields,  instead  of  having  this  thrown 
behind  (pointing  to  the  sketch)  7—1  do  not  think  it 
would  make  much  diflferoice  with  regard  to  the 
ventilation,  but  it  would  add  to  the  crushfaig. 

1099.  (Sir  William  Arautrong,)  Under  this 
No.  1  system,  which  you  have  described  as  being  the 
beat  in  yonr  opinion,  is  any  portion  of  the  ooal  left  in 
the  mine  ?— No  portion,  where  you  see  it  colou^. 

1 100.  Is  there  any  waste  ? — Very  little ;  less  under 
that  system  than  under  others. 

1101.  In  point  of  quantity'  left,  is  the  waste  the 
same  as  it  is  in  the  ordinary  long-wall  system  ? — I 
should  say  it  is  about  the  same. 

1102.  Then  you  say  that  the  only  impediment  to 
your  driving  out  to  thie  extremity  of  the  mine,  and 
working  backwardfl,  is  the  uncertainty  of  the  quanti^ 
of  ooal  that  may  ultimately  be  taken  ? — ^Yea ;  and  tJie 
expense  of  driving  out. 

1103.  Snppoung  that  the  first  Direction  were 
removed,  would  that  system  of  working  be  generally 
adopted,  do  you  think,  of  driving  out  to  uie  extremity  ? 
—I  think  not  in  South  Torkshh«  at  present. 

1104.  If  it  were  adopted,  what  would  be  its  in- 
fluence upon  the  question  of  waste  ;  would  it  di- 
minish the  waste,  or  would  it  increase  the  quantity  of 
large,  or  what  would  be  the  effect  ? — ^It  might  increase 
the  qnantii^  of  large. 

1106.  Wuat  is  the  greatest  depth  of  any  of  the 
collieries  in  your  district? — The  deepest  one  that 
woria  the  Bamsley  coal  is  335  yards,  and  the 
deepest  that  works  the  Silketone  is  240  yards. 

1106.  Do  you  find  that  the  liability  to  crush  or 
produce  small  increases  much  with  the  depth  ?— I  do 
not  think  that  that  has  much  to  do  with  It ;  it  18  mcM 
the  systmn  of  markii^. 

1107.  In  the  eaae  of  the  SiUutime  coal  vhieh  70a 
■peak  of  as  being  very  liaUe  to  ^lat  ^fficoUy,  do  yon 
think  that  if  it  were  at  a  gieater  depth  the  liabili^ 
would  be  greater  ? — No,  I  do  not  think  it  would ;  at 
least  not  until  vou  got  to  a  very  great  depth  indeed. 

1108.  Do  you  think  that  eventually  you  would 
come  to  such  a  depth  as  would  render  it  impracticable 
to  work  the  coal  in  a  marketable  state  ? — Yes,  it  is 
possible  that  it  might  be  found  so. 

1109.  But  that  would  be  at  such  depths  as  are  not 
contemplated  at  the  present  time  ?— Yes. 

1110.  (Chairman.)  In  these  foUowli^  up  banks, 
and  the  different  places  where  the  men  work  the 
coal  outy  what  is  usually  the  width  of  the  face  where 
yon  have  the  workings  going  on  ? — In  the  hmg-wal 
work  each  man  has  about  18  ^ards. 

1111.  And  in  the  foUowing  np  banks?— the 
following  up  banks  each  man  has  from  six  to  ei^t 
yards. 

1112.  So  that  yon  give  each  man  a  very  large 
space  under  his  own  control  to  himself? — Yes. 

1118.  If  you  were  to  economise  pit-room,  and  put 
two  men  into  the  same  apace,  would  not  much  crushing 
which  at  present  takes  place  be  prevented  7 — Ye^ 
a  great  deal. 

1114.  But  that  is  the  custom  of  the  district?— 
Yes  ;  it  is  the  men's  custom  j  they  would  not  work 
if  we  doubled  them. 

1 115.  They  like  to  have  plenty  of  roimi  ? — ^Yes. 

1116.  Althouc^  they  have  no  one  near  to  help  them 
when  the  roof  is  c<miing  down,  and  to  guard  against 
danger  ?~'Te8 ;  It  is  a  balance  of  advantage  and 
disadvantage. 

1117.  In  faot  your  keep  about  three  times  as  much 
pit-room  open  for  the  same  qunotit^  of  oofd  worked 
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as  we  should  keep  in  Ijukcaihiie  ?— Te^  neaily  ae       6  30 
much  as  tha^  I  should  say.  j  s.M<mmaHi 

J5ag. 

No.  2.    Coal  produced  per  foot  per  acre..  ^  ^  jinitTffftff, 

1118.  (Chairman.)  Under  this  heading  will  you 
be  good  enough  to  give  us  your  ideas  ? — Under  No.  1 
system,  and  ptu^tially  under  No.  2,  I  have  the  respite 
of  a  series  of  trials  which  I  made  myself  for  .six 
years  of  the  yield  per  iicre.  The  coal  avenged  in 
thickness  during  the  whole  of  that  period  7  feet 
9  inches.  I  took  sections  every  year.  In  1862  the 
yield  per  foot  per  acre  was  1047  tons  of  coal,  66  torn 
of  elaeki  total  1,188.  In  1868, 999  tons  of  eod,  80 
tons  of  sleek;  total  1,07a  In  1864,  1,028  tons  of 
coal,  108  tons  of  daok;  total  1,186.  In  1865,  960 
tons  of  coal,  107  tons  of  slaok ;  total  1,067.  In  1866, 
1084  tons  of  coal,  188  tons  of  shtck  ;  total  1,222. 
In  1867,  1,184  tons  of  coal,  97  tons  of  slack ;  total 
1,281.  The  per-oentage  on  the  last  two  years  gives 
for  one  foot  thick  per  acre  coals  88  per  cent,  slack  12 
per  cent  for  1866,  and  coals  92  per  cent.,  slack  dght 
per  cent  for  1867  of  the  totid  quantity  raised.  Tlien 
taking  one  acre  of  coal  a  foot  thick  to  weigh  about 
1,556  tons,  the  last  two  years  of  the  preceding  table 
gives  on  the  total  quantity  coals  70  per  cent.,  and 
slack  eight  per  cent. ;  total  78  per  cent  in  1866. 
Goals  76  per  cent,  and  slack  six  per  oent,  total  82 
per  cent,  in  1867,  ai  the  grots  amonat  in  tt  e  seam^  as 
it  lies  in  the  gronn^  and  18  per  cent  lost  Hiat 
was  the  best  year.  The  increase  may  partly  be 
attributed  to  the  greater  care  used  by  the  men,  the 
oetter  demand  in  the  market,  and  the  getting  of  more 
soft  coal,  owing  to  the  discontinuance  of  so  many 
packed  gate  roads,  so  that  the  soft  coal  which  used  to 
be  lost  by  being  left  over  the  packs  is  now  got 

1119.  Will  you  define  what  you  call  large  coal,  and 
what  you  call  slack  F — The  slack  I  have  taken  as 
what  would  pass  frmn  a  three  quarter  inch  to  an  inch 
opening. 

1120.  (Mr.  Geddes.)  In  screening? — ^Tes. 

1121.  (Sir  fViUiam  Armstronff.)  Have  you  a  sale 
for  the  slack  ? — Yes,  a  certain  amount ;  not  a  very 
^reat  deal ;  a  great  deal  is  thrown  away  in  the  pit ; 
it  is  stowed  back  in  the  goaf. 

1122.  (Ckairman.)  You  sell  all  the  small  coal  you 
bring  to  hank  ?— Tea ;  those  qnantities  ai-e  taken  th»m 
Uie  sales. 

1128.  (Sir  William  Armstrong.)  Then  the  18  per 
cent,  covers  all  the  waste  ? — Yes. 

1124.  (Chairman.)  Including  the  cmdi  of  pillars, 
and  the  loss  by  stumps  haviiur  here  and  there  to  be 

left  ?— Yes. 

1126.  And  by  the  slack  that  ia  stowed  t.-ack  in  the 
goK^  I  suppose  ? — ^Yes. 

11%.  Then  this  per-centage  which  you  speak  of, 
this  82  per  cent  which  is  obtained,  cmly  applies  to 
where  the  ground  is  clear  of  &ults  ? — ^It  is  taken  over 
the  whole  acreage  of  the  colliery,  including  faults 

1127.  It  must  have  been  very  dear  of  &nlt8  then  ? 
— ^It  is  tolerably  five,  but  there  are  faults  in  it 

1128.  What  proportioa  of  that  18  per  cent  which 
is  lost  may  be  pat  down  to  &ults?— A  very  small 
quantity  ;  hardly  worth  reckoning.  I  should  say  about 
15  pa:  cent  of  slack  is  thrown  hack  in  the  goa^ 

1129.  Have  yon  to  leave  any  barriers  against 
watOT  P — ^No,  not  in  that  instance ;  there  is  no  water 
in  that  coal  field  much  below  150  yards. 

1130.  But  is  it  the  practice  for  one  colliery  tu 
work  through  into  the  oAer,  and  to  leave  no  barrier 
there  ' — ^No. 

1131.  What  is  the  width  of  the  barrier  left  ?-« 
Sometimes  they  manage  to  work  up  each  to  their 
own  boundary  where  there  is  on  water  ;  they  some- 
times leave  40  or  50  yards. 

1132.  Is  that  irrecovwably  lost?— Tea,  I  should 
say  so,  certainly. 

1188.  Have  yoa  anytMng  else  to  say  nnder  that 
head  ? — ^Yes ;  I  have  a  few  data  of  the  yield  per  acre 
under  the  other  systems.   As  to  No.  2.  ^scem,  of 

baok^  and  ftUoirims     1><m4^  I  jbiw»  no  ^w*^ 
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C  40  data,  bat  I  think  that  id  the  first  working,  that  is  to 
J.EJiammaU,  gay,  in  the  first  carrying  up  of  the  bank  24  yards 
"  ~  wide,  the  yield  per  acre  will  be  very  large,  probably 
about  1,400  tons  per  foot  thick  or  more,  but  in  tho 
posting  back  of  the  pillars  afterwards  a  very  great 
loBB  occurs  owing  to  the  crashing  of  the  coal  which 
reduces  the  total  yield  below  the  average  of  the  long- 
wall  systems. 

1134.  But  in  those  quantities  which  you  have 
given  us  do  you  not  indude  what  is  got  out  of  the 
pillars  as  well  as  what  as  got  out  of  the  banks  P — ^No  ; 
it  mainly  applies  to  the  long  wall. 

1135.  Then  there  would  be  a  considwaUe  de- 
ductiim  to  be  made  from  those  quantities  on  account 
of  the  crashing  of  pillars  ?— In  some  instances  tibe 
TOllars  have  been  included  in  it.  There  has  been 
round  to  be  no  more  loss  in  working  oat  the  pillara 
when  they  have  1)een  sufficiently  large  in  the  first 
instance  than  if  it  was  whole  coal.  The  mischiet 
under  the  old  Yorkshire  system  was  in  leaving  the 
piUars  too  thin  at  first.  The  Ko.  4  and  5  systems  of 
long  wall  were  carried  on  at  the  same  time  with  the 
old  system  for  a  year  or  two,  and  then  this  old  system 
was  discontinued,  and  the  long-wall  system  only 
worked,  and  the  yield  per  acre  at  that  coUieiy  in  the 
year  1^8,  where  the  coal  was  8  feet  thick,  was  1,262 
tons  per  fbot  thick. 

1136.  Does  that  include  the  piUars  ? — Tea. 

1137.  {Mr.  Geddes.)  And  slack? — ^Yes,  it  includes 
the  slack  and  everything.  The  amount  of  coala  was 
1,199  tons,  skck  63  tons,  total  1,262  tons.  In  1866, 
when  the  posting  back  of  some  of  those  old  piUars  had 
increased,  when  the  posting  was  one  fourth  of  the 
entire  quantity,  the  .yield  per  foot  per  acre  was,  coals 
1,061  tons,  slack  54  tons  ;  total  1,115  tons.  In  No.  6 
theyieldat  |iresent  189,000  tons  per  acre,  or  1,090  tons 
per  foot  thick.  No.  7  has  <ndy  recently  been  intro- 
duced in  tJie  Silkstme  coal,  and  no  separatp.  data  for 
the  yield  per  acre  have  been  taken  foi'  it.  The  coals 
when  raiacid  are  put  over  screens  of  three  quarters  to 
one  inch  opening,  and  the  produce  shows  from  the 
sales  book  65  per  cent,  of  best  coal  and  35  per  cent, 
of  small.  This  small  coal  is  again  screened  into 
nearly  equal  proportions  of  "nuts"  and  "smudge," 
and  the  latter,  when  washed,  makes  first  rate  coke. 
The  consumption  on  the  coUieiy  premises  is  about 
7^  per  cent,  of  the  whole  quantity  raised. 

1188.  {Chairman.)  What  is  tiie  highest  quantity 
that  has  been  got  over  a  series  of  workings  per  foot 
per  acre  In  erne  seam,  a  thinner  seam  than  this, 
1.417  tons  have  been  got  per  foot  thick. 

1139.  And  in  , a  thick  scam  how  many? — think 
you  may  tifte  it  that  1,280  is  the  highest. 

1140.  Jn  the  most  successful  system  of  working 
that  we  have  yet  had  produced  befbre  us  we  have 
been  told  that  similar  seams  to  those  of  the  Bwnsloy 
bed  had  produced  1,371  tons  per  foot  per  acre  j 
that  was  under  our  best  Lancashire  system,  ant? 
of  that  90  per  cent,  was  largo ;  that  is,  it  would  go 
over  a  f  inch  riddle.  You  cannot  quite  come  up  to 
that  under  the  Yorkshire  system  ? — Not  at  present, 
this  old  system  is  only  just  going  into  disuse. 

1 141 .  It  seems  desirable  that  you  shoald  give  more 
consideration  to  tho  driving  out  to  the  extremities 
and  imking  out  your  coal  ^cxn  thence  ? — ^Yes. 

No.  8.   Ordrfr  of  vsorktng  the  seams. 

1142.  {Chairman.)  I  suppose  as  there  are  so  few 
seams  there  is  no  particular  order  of  working  them  ? — 
The  oi-der  is  to  work  the  most  profitable  first,  without 
r^ard  to  the  olhera,  and  those  are  those  two  seams 
which  I  have  mentioned. 

1 143.  There  is  the  Abdy  mine  seam  ? — ^Yes ;  the 
Woodmoor,  the  Abdy,the  flocktou,  and  Paikgate ;  that 
18  a  very  good  seam  in  some  localities,  but  here  it  is 
infbrior. 

'-■■I  144.  Bat  beiag  thinnw,  and  mot  so  profitaUe^  Uuwe 


seams  are  being  left  to  futurity  ?— Yes ;  the  Fbikgrte 
is  partially  worked  for  smelting  purposes. 

1145.  But  not  nearly  so  extenairety  as  these 
Bamsley  and  Silkstone  seams  ? — No. 

1146.  (Mr.  Geddes.)  Which  is  the  higher;  the 
Bamsley  or  the  Silkstone? — The  Bamsley  seamistbe 
highest,  the  Parkgate  is  between  tho  Bamsley  and 
the  Silkstone. 

1147.  {Chairman.)  Do  you  apprehend  tbatsonie<^ 
those  upper  seams  wUl  be  damaged  by  the  lower  onea 
being  worked  first  ? — No;  I  do  not  think  they  wUL  We 
have  some  instances  where  they  have  been  worked 
afterwards,  and  it  has  been  found  that  no  dasuge 
whatever  had  been  done.  f 

1148.  There  having  been  a  sufficient  interval  of 
time  between  the  ending  of  the  one  and  the  commence- 
ment of  the  others? — Yes,  and  there  are  many  tWA. 
sandstone  rocks  in  tiie  district  which  are  sufficient  to 
bear  the  wei^t^ 

No.  4.    Coal  left  for  turface  nq^Mtrt. 

1149.  {Chairman.)  What  ai*e  your  views  with  res- 
pect to  this  division  of  tho  subject ;  that  is,  in  addition 
to  the  coal  which  is  damaged  by  faults,  crushed  pillars, 
small  coal  stowe<1,  beds  lefl  on  account  of  there  beb<; 
too  much  earth  between  the  seams,  or  unsaleable  at 
present  at  a  profit,  barriers  agunst  wator,  and  for 
other  working  purposes,  below  the  ground  ? — ^Ihe  cost 
left  for  pillars  for  the  support  of  the  surface  varies  in 
that  district  according  to  ibe  depth  and  the  nature  of 
the  buildings,  and  the  arrangements  with  tlie  owncn 
for  leases,  the  thickness  of  the  coal,  and  also  the 
nature  of  the  strata  above.  lu  some  parts,  where  it 
is  firom  100  to  200  yards  deep,  it  is  half  taken  out  io 
ribs  of  20  to  30  yards  wide,  and  half  left. 

1150-1.  {Sir  William  Armstrong.)  Half  the  coal  is 
left  ? — ^YoB,  it  is  taken  out  in  ribs  under  the  buildings 
from  100  to  200  yards  deep  ;  but  I  have  known 
instances  where  the  cool  has  be  enentirely  woi^ed 
out  at  a  depth  of  310  yards.  I  took  levels  both 
before  and  aftern-ards,  and  could  not  detect  any 
difference  whatever  in  consequence  of  the  aabsideace. 
I  tried  it  again  at  another  colliery  where  the  d^tii 
was  200  yards,  and  it  had  sunk  three  feet. 

1152.  {Mr.  Geddes.)  Was  that  in  the  same  coal? 
— Yes ;  but  in  general  the  valno  of  this  thick  coal  is 
much  greater  than  the  value  of  any  ordinary  buildings 
you  have  to  suj^rt. 

1153.  {Sir  fyilHam  ^rnuAwn^.)  In  that  caaedoyon 
work  it  out,  and  take  your  chance  of  damage  ?•— Yea, 
we  work  it  out  entirely.  X  have  known  instances  where 
the  lessor  has  stipulated  in  the  lease  that  coal  shoald 
be  left  to  support  his  buildings,  and  afterwards  he 
has  altered  the  clause,  and  preferred  to  have  it  all  swept 
out,  to  repair  the  buildings,  because  the  value  of  the 
coal  would  have  rebuilt  tho  house  four  or  five  times 
over. 

1154.  (Chau-man.)  If  that  had.  been  an  instance 
where  the  buildings  belonged  to  some  other  person 
tJian  the  owner'of  the  ooa],he  might  not  have  allowed  the 
coal  to  bo  worked  out  ? — No  ;  in  that  case  it  woaM 

have  had  to  be  lefit,  or  the  colliery  proprietors  wonW 
very  likely  have  to  pay  for  any  damage  that  might  be 
caused  by  tho  coal  being  worked. 

1155.  And  you  might  have  sacrificed  this  veiy 
much  more  valuable  coal  for  the  sake  of  buildings  of 
much  less  value  ? — Yes. 

1156.  {Sir  William  Armstrong.)  Practically,  a  great 

deal  of  c(^  is  sacrificed  for  the  Kike  of  buildings  npon 
the  surface,  is  it  not  ? — 1  should  say  not  mudi. 

1157.  I  undoratood  you  to  say  that  one  half  was 
left  for  that  purpose  ? — In  some  instances  only. 
Under  part  of  the  town  of  Bamsley  it  is  woi^ed  haif 
and  hal^  but  there  is  no  general  rule  in  the  district 
about  it. 

1158.  (CAotmian.)  Is  one  half  the  largest  ^tqpwtkm 
left  with  you  F-^Yes.   
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1158a.  We  hare  had  evidence  that  BomctimeB  two 
thirds  IB  lefl,  and  that  even  with  two  thirds  settlings 
with  Boft  floors  are  apprehended  ? — Yes.  For  my  own 
part  I  prefer  to  take  it  all  out  gradually,  aod  let  it 
sink  grnduaUy,  when  the  floor  is  bo^ 


1159.  Ab  your  rocks  seem  to  be  very  hard,  perhaps       C  41 
you  liave  not  noticed  carefally  to  what  extent  the  J.E.Mammatif 
surface  is  drawn  beyond  the  working  nndmieath  ?—  ^'9- 
No ;  I  have  not  observed  any  instance  of  that  kind. 


18  JoM  1868. 


The  witness  withdrew. 
Adjourned. 


C,—Bih  Meetmg,  Jvly  IGik^  Noon,  1868- 
pbesent: 

1.  Mr.  Dickinson  in  the  Chair. 

2.  Mr.  Geddes.  Also, 

3.  Sib  William  Abmstrong. 

Letter  read  from  Mr.  Woodhouae,  regretting  his  inability  to  attend. 

1.  The  Minutes  of  last  Meeting  were  read  and  signed. 

2.  Mr.  I^ranks  for  the  Secretary  stated  that  the  evidence  taken  at  previous  Meetings  was  advanced 
as  &r  as  possible,  and  will  continue  to  advance  if  the  Committee  will  be  pleased  to  give  their 
instructions. 

3.  The  correspondence  on  file  C  XI.  was  produced. 

4.  The  accounts  sent  in  by  witnesses,  &c.,  viz.,  Messrs.  Truram,  Evans,  Greenwell,  Enowles,  and 
Hammatt  were  directed  to  stand  over,  pending  a  settlement  of  the  question  raised  in  the  corre- 
spondence referred  to  in  paragraphs  4  and  5,  A  Minutes,  July  15th. 

5.  The  Committee  proceeded  to  take  the  evidence  of  James  Davidson,  Esq.,  and  W.  Alexander,  Esq. 

6.  It  was  ordered  by  the  Committee,  that  of  the  plans  handed  in  by  Mr.  Alexander,  Nos.  1  and  2 
are  to  be  reduced  to  the  smallest  intelligible  size  (say  one  fourth),  No.  3  is  to  be  shown  on  its 
present  scale,  and  the  section  of  the  Ayr^liirc  coal  fields  is  to  be  reduced  to  about  one  iifbh^  so  as  to 
be  brought  wiUun  one  page,  but  they  are  to  be  lefl  to  stand  over  till  Mr.  Campbell  retoms,  so  as  to 
be  unifrnm  with  the  other  woodcuts. 

7.  The  Committee  then  adjourned  to  Thursday,  16th  Oct.,  at  noon. 

Joseph  Dickinson, 

Chairman. 


JxMEB  Davtosott,  Esq.,  of  Newbattle  Colliery,  I>alkeith,  examined. 


1161.  {Chairman.)  I  believe  you  have  been  brought 
up  as  a  mining  engineer  ? — ^Tes,  I  am  a  mining  en- 
gineer in  Scotland. 

1162.  And  have  you  the  management  of  colUeriea  ? 
— Tes,  I  have  had  the  sole  management  of  the  Mar- 
quis of  Lothian's  NewbstUe  coUiery  for  about  10 
years. 

(1.)  System  of  Wobkimg. 

1163.  Where  is  the  NewbatUe  collieiy  situated  ? — 
It  is  in  the  county  of  Midlothian. 

1164.  What  seams  iwe  Aere  worked  in  it? — We 
work  five  different  seams. '  I  have  brought  a  section 
with  me  in  order  to  show  what  we  are  wonting. 

1165.  What  is  the  name  and  the  thickness  of  each 
seam,  beginning  at  the  top  ?— The  first  seam  that  we 
work  is  the  great  seam,  which  is  5  feet  3^  inches 
thick.  The  following  section  (see  table  on  p.  42)  will 
show  the  thickness  of  the  various  strata  that  we  pass 
through. 

I  may  observe  that  underneath  the  Parrot  seam 
there  is  a  bed  of  limestone. 

1166.  What  is  the  inclination  of  the  strata? — In 
the  deep  Newbattle  engine  pit  it  is  32  degrees. 

1167.  What  is  the  depth  of  the  deepest  pit  in  thb 
colliery  ? — ISl  fathoms  from  the  aurfacc. 

1168.  What  is  the  system  of  working  which  you 
pursue  in  working  those  coals  'i — ^Entirely  the  long 
walL 

1169.  Do  yon  find  an^  disadvantage  in  working 
that  long  wall  ? — There  is  a  disadvantage  in  it ;  but 
that  can  be  best  seen  by  the  results '  of  the  aci'eage 
obtfuned. 

1848S.      Vol.  IL  Z 


1 170.  Do  you  work  the  coal  away  from  the  shafts  ? 
— ^Yes,  we  work  the  coal  away  from  the  shafts. 

1171.  And  do  you  make  the  roads  through  the 
gob  or  are  they  supported  by  pillar's  of  coal  ?— We 
cut  the  roof  for  height  for  the  roads,  and  bind  the 
sides  with  what  comes  out  of  the  roof; 

U72.  Tou  leave  no  pillars  of  coal  at  the  sides? — 
No  ;  none,  except  one  at  the  pit  bottom.  We  take 
out  the  whole  of  the  coal  that  we  can  get.. 

1173.  Including  alltheroof  coal?— Yes,  up  to  the 
very  roof.  The  only  thing  that  we  lose  is  at  the  part 
where  they  take  down  the  coal ;  there  is  a  quantity 
which,  from  the  excessive  steepness  of  the  strata, 
by  its  awn  gravity  runs  down  into  waste,  md  gets 
broken  up.  There,  besides  causing  a  great  deal  of 
labour  in  fetching  it  up  again,  it  io  only  the  large 
pieces  that  we  get  fetched  up  ;  the  remainder  is  lost. 
In  the  flat  workings,  where  it  does  not  so  run  away, 
we  get  much  greater  quantities. 

1174.  What  are  the  widths  of  the  faces  for  the 
working  ? — X4  yards  each. 

1175.  WiU  you  describe  how  they  advance? — 
Hiere  is  a  section  of  the  pit  which  will  show  that 
{producing  the  same).  This  is  the  same  shaft  as  the 
one  in  the  section  which  I  have  handed  in. 

1176.  In  the  working  of  this  coal,  do  you  drive 
a  pair  of  levels  from  each  side  of  the  shaft  ?  Yes. 

1177.  And  by  means  of  self-acting  inclined  planes 

yon  work  three  other  sets  of  levels  on  the  rise  ?  ^Xe^ 

that  is  the  way  in  which  it  is  done. 

1178.  And  from  those  levels  you  drive  the  roads  at 
14  yards  apart  ? — ^Yes. 


16  July  18S8. 
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Section  of  tbe  Nbwdattle  Coalpisi.d. 


Numbers. 

Coals 
ireeeotly 

being 
worked.  | 

Coal 
not  at 
present 
worked. 

Strata. 

ft.  in. 

ft.  in. 

fm.  ft.  in. 

Alluvial  cover  - 

2 

0 

0 

Variooft  strata 

8 

4 

6 

1 

Coal 

u  o 

Varions  stiate  • 

3 

3 

6 

S 

Coal 

1  ti 
I  u 

Various  strata 

10 

1 

n 

3 

Coal 

o  ri 

X  II 

Various  strata  - 

17 

0 

s 

4 

Coal   -         -  - 

Various  strata  - 

— 

91 

1 

6 

S 

Coal  - 

2  6 

Various  strata 

30 

4 

Q 

6 

Coal  - 

■J  u 

Various  strata 

61 

11 

0 

Coal  '- 

3  0 

Varioiu  strata  - 

23 

-1 

0 

S 

Coal  - 

3  (I 

Various  strata  - 

6 

t- 

9 

9 

Coal 

2  S 

'  Various  strata  - 

4 

3 

0 

10 

Ciyne  coal 

3  0 

Varions  strata  - 

5 

0 

6 

Mavis  coal 

2  6 

Variona  strata  - 

8 

3 

0 

Gieatseam 

5  8^ 

Various  strata  •  - 

— 

— 

2 

0 

0* 

Diamond  ooal 

1  10 

Various  strata 

— 

_ 

10 

0 

0 

Siller  Willie  coal 

3  2 

Do.,  ode  working,  fire 
clay. 

— 

0 

8 

I 

Varioofl  strata 

— 



20 

0 

0 

Cod!  patie 

— 

3  0^ 

Varions  strata  - 

— 

_ 

12 

0 

0 

Snuthy  coal  - 

— 

3  0 

Various  itiBta  - 

— 

— 

7 

s 

0 

Bryons  or   big  splint 
coal,  to  5  feet 

4  0 

VariooB  strata 

6 

0 

0 

Coal  (vsrioas  strata)  - 

2  3 

6 

0 

0 

Kalebladei  coal 

5  9 

Various  strata 

a 

0 

Of 

,  little  spUnt  coal 

3  0 

Various  strata 

S3 

0 

s 

1  Fanet  post  coal 

j 

4  0 

Numbers.  | 

Names  of  Btiatt. 

Coals 
presently 

being 
workeda 

Coal 
not  at 
present 
worked. 

Strata. 

Varions  strata  - 

3    3  0 

{Parrot  coal : 

Head     -    14^  in.  1 
Parrot    -    lo|  „  i 
Bottom  -     9    „  J 

3  10 

Various  strata 

364  3 

Coal  - 

43  6^ 

7  I  ^ 

Do.  working 

SO  1^ 

3   2  4 

■ 

375  0 

*,  Variable  from  5  feet  up  to  4fittliomi. 
f  Variable  up  to  4  &tbomB. 
X  Average  of  27  measurements. 


1179.  Taking  the  coal  away  before  you  as  yoa 
advance,  and  stowing  tbo  sides  of  those  roadB  with 
rul)bisli  ? — Yes,  witli  what  comes  out  of  the  roof. 

1180.  Making  what  are  called  gob  roads? — Yes. 
I  muKt  cxplniii  that  tlie  up-set  roads  from  the  levelf 
are  for  nk'dgcw,  and  tl'e  main  levels  arc  workod  hj 
waggons  and  tramways,  the  same  as  is  done  in  ttu 
North  of  Kugland. 

1181.  So  that  practically  there  is  no  Iobs,  andjoa 
toko  all  the  coal  out  ? — Theoretically  there  shoiild  be 
none. 

11H2.  luto  each  of  those  14  yard  faces  of  woi^  how 
many  pcr-tons  do  yuu  put  ? — Two  grown-up  persons ; 
a  man  auti  two  Ikjvs,  or  two  men. 

1183.  And  about  how  many  places  of  work  hare 
you  going  out  of  each  level  — ^About  nine  in  esch  on 
the  average. 

1 1 84.  But  the  up-set  roads  Irom  the  shaft  level  go 
up  until  they  reach  such  a  height  as  to  be  cut  off  ij 
the.  second  range  of  levels  ? — Yes, 

1 1 85.  And  the  second  range  in  return  till  they  are 
cut  off  by  the  third,  and  the  thu-d  till  they  are  cut  off 
by  the  fourth,  and  so  on  ? — Yes. 

1186.  Having  about  how  man^  wwking  phwea?— 
That  depends  a  good  deal  nprai  circumstances ;  bnt  in 
practice  we  have  about  nme  or  ten. 

1 187.  So  that  the  up  set  places  in  each  set  of  leveb 
are  gradually  getting  further  off  as  the  working  ad- 
vances ? — Tes. 

11  SR.  In  that  case  do  you  find  any  difficult  in 
keeping  open  the  level  with  roods  as  the  workii^ 
advance  to  a  considerable  distance  ?~-N<Hie  who- 
ever ;  with  an  ordinaiy  good  roof  the  level  rosds  ate 
easily  kept. 

1189.  What  size  are  the  level  roads  ? — I  drive  the 
main  level  roads  seven  feet  wide  and  six  feet  high. 

1190.  How  far  do  you  drive  them  from  the  shall? 
— In  the  old  workings  to  the  right  of  the  present 
ones  the  level  was  driven  upwards  of  a  mile. 

J 191.  Were  you  able  to  keep  all  those  Icvds  open 
with  gob  road?  to  that  distauce  without  serious  incon- 
vonience  ? — Yes,  without  any  serious  iaconvcnience. 
I  went  into  one  that  had  stood  for  upwards  12 
years,  and  it  was  pretty  open.  After  they  are  once 
left  they  do  not  seem  to  move  at  all. 

1 192.  Docs  year  ventilation  depend  upon  the  gob- 
bing, or  lu'e  there  pillars  of  coal  to  p^'event  the  leak- 
age of  air  going  on  f — The  ingoing  current  is  taken  in 
in  the  working  level  road. 

1193.  Is  leakage  {H*eveDted  by  pillars  of  coal,  or  is 
there  nothing  but  gob  to  prevent  the  air  leaking?— 
Nothing  but  gob. 

1194.  Do  you  not  find  that  the  air  leaks  tfarongb 
the  gob  and  gets  lost  before  it  gets  to  the  far  ends  ?— 
We  do  not ;  it  is  not  of  very  much  consequence,  BO  u 
we  get  a  cool  current  in  working  the  face. 

1195.  (Sir  fVilliam  Armstrong.)  The  dip  is  veij 
rapid,  is  it  no^  on  those  side  shafU  ? — ^Yes. 
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1 196.  How  do  you  propose  to  work  the  ooal  <m  the 
dip  side  ? — T  mean  to  work  it  by  a  down  set 

1197.  That  would  involve  engine  power  at  the  head 
of  the  inclines,  or  at  the  surface  ? — ^At  the  head  of  the 
inclines. 

1198.  Thra  Ute  coal  on  this  dip  side  will  be  mora 
expensive  to  get  than  the  coal  on  the  other  side  ? — It 
will  be  more  expensive  In  the  first  place,  but  I  ex- 
pect it  will  be  cheaper  in  the  second  place.  I  have 
seen  it  done  elsewhere.  Where  it  is  wrought  by 
means  o£  a  down-set  you  can  wmk  the  coal  acroas  the 
hill,  and  do  away  with  sledges  altogether,  and  you  can 
work  with  less  money  than  at  present.  It  is  not  the 
cost  of  hewing  tho  cool,  but  the  expense  of  transit  that 
is  greatest  at  Kewbattle. 

1199.  Tou  say  that  the  cost  of  transit  would  be  less 
upon  the  dip  side  than  it  is  on  the  other  side?— I 
think  so.  I  am  sure  it  would.  We  <mly  have  to  han- 
dle the  coals  once  instead  of  twice. 

1 200.  Have  you  any  water  in  the  mine  ? — There  is 
a  stono  mine  going  below  that  will  take  off  oil  the 
water. 

1201.  Could  yon  prevent  the  water  running  down 
the  dip  P — We  keep  it  up  as  much  as  we  can,  but  still 
ve  should  have  some. 

1202.  How  would  ^on  draw  it  off  ? — We  get  it  out 
of  the  mine,  and  QntU  we  get  the  mine  forward  we 
would  draw  it  in  boxes; 

1203.  And  eventually  how  would  you  get  rid  of  it  ? 
— Tliere  is  a  mine  underneath. 

1204.  Tou  would  cut  it  off  by  stone  drifts  at  diffe- 
rent depths  ? — Yes. 

1205.  I  suppose  that  the  surface  fiUls  in  this  direc- 
tion always,  does  it  not  ? — ^Not  very  miich.  The  outlet 
of  this  {pointing  io  the  plan)  is  about  200  &et  above 
the  level  of  the  sea. 

1206.  You  say  that  you  would  intercept  the  water 
as  you  got  to  different  depths,  by  those  lower  stone 
drifts,  which  would  be  an  outlet  for  the  up  drift  ? — 
We  pump  it  by  a  pumping  engine  under  this  pit ;  we 
have  to  pnnq»  from  a  great  d^h. 

1207.  Take  the  lower  seam  that  you  are  working, 
the  "Parrot**  coal;  do  you  propose  to  work  tiiat 
«<  Parrot  **  coal  in  the  same  side,  by  down-sets  on  Uie 
dip  side  ? — It  would  be  my  inclination  to  do  so. 

1208.  How  would  you  deal  with  the  water  there? 
— ^I  would  require  to  pump  it  by  an  engine  under 
ground. 

1209.  Then  that  would  be  a  disadvantage  attending 
the  dip  working  ? — That  would  be  so  ;  but  there 
would  1:>e  the  advantage  of  not  cross-cutting  the  strata 
above  and  letting  in  that  water. 

1210.  GeneraUy  speaking,  do  you  expect  to  be  able 
to  work  the  whole  of  those  seams  from  those  two  sink- 
ings on  the  dip  side  to  any  considerable  distancu  ? — 
It  is  looking  very  iar  forward  to  answer  that  question ; 
bnt  I  think  that  that  would  be  the  best  way  of 
doing  it 

1211.  Tour  only  alternative  way  would  be  to  put  a 
shaft  down  to  a  greater  depth  ? — Tea. 

1212.  And  that  depth  would  become  veiy  serious 
for  a  small  distance  ? — It  would  become  a  very  serious 
business  indeed.. 

1218.  {Mr.  Geddea.)  With  reference  to  working 
the  deeper  coiU  which  you  spoke  of,  are  you  contem- 
[^ting  a  new  shaft  more  to  tap  the  &ult  and  to  gain 
the  upper  seams?— No. 

1214.  If  that  were  done,  and  the  shaft  sunk  so  &r 
to  the  upper  seams,  would  it  not  be  hopeless  to  cany 
it  down  the  lower  seams  after  you  had  got  that  accom- 
I^ished  rather  than  work  down  hiU  f— No  ;  I  think 
that  wwking  down  hill  is  the  true  way  to  do  it.  Tou' 
save  die  ea^mue  in  transit,  which  is  a  most  objection- 
able thing  in  Lord  Lothian's  colliery;  the  expense  ol 
transit  under  ground  is  so  great. 

121fi.  In  this  colliery  you  would  be  limited  to  the 
depth  of  the  engine  pit  by  the  boundary  of  the  Mar- 
quis's coalfield  ? — We  should  be  limited  only  by  the 
boundary  of  the  Marquis's  coUiery. 

1216.  Do  you  know  how  fiur  that  is? — ^It  is  nearly  a 
mile  to  the  dip. 


1217.  And  you  would  prefer  going  down  that 
depth  rather  than  have  a  shaft  on  the  sur&ce  P — Yes. 

1219.  {Otairman.)  I  presume  you  know  many  col- 
lieries where  they  do  go  very  great  distances  to  the 
dip,  by  means  of  engine  planes,  without  any  inconve- 
nience, and,  perht^H,  not  any  serious  additional  cost 
per  ton  ?^I  have  seen  one  colliery,  at  Drumore,  in 
£ast  Lothian,  where  they  went  a  considerable  distance 
down  a  hill,  and  I  saw  that  they  wrought  their  cools  a 
great  deal  cheaper  than  they  could  have  done  if  thoy 
had  worked  them  in  tho  eld  fashioned  way  of  bringing 
them  down  in  sledges. 

1219.  {Mr.  Gedde$.)  Would  Uiat  depend  malenally 
upon  the  quantity  of  the  oj]t-put? — ^No;  yon* get  a 
greater  out-put  from  each  man. 

1220.  Is  there  any  gas  that  troubles  you  in  your 
colliery  ?— None,  except  cwbonic  acid. 

1221.  Have  you  hod  any  fires  from  any  cause  in 
your  collieiy  ? — None,  except  one  small  one  that  took 
place  in  an  old  ventilating  shaft,  about  30  years  old. 

1222.  Was  that  from  u  spontaneous  origin,  or  how 
was  it  ? — It  was  from  neglecting  the  fire  in  the  venti- 
lating furnace. 

1223.  Do  you  hew  your  coals  in  the  bottom  of  the 
seam,  or  where  ? — We  hew  them  all  in  the  bottom, 
except  the  diamond  coal.  Where  there  is  a  soft  layer 
we  always  hew  in  it. 

1224.  Do  you  cut  any  by  machine  Z — ^No,  none. 

1225.  Do  you  use  powder  ? — Tea,  we  do  a  good 
deal  in  the  levels  only. 

1226.  Do  you  conceive  that  the  use  of  powder  in- 
creases the  waste  of  working  ? — A  good  deal  depends 
upon  the  kind  of  coal  that  it  is. 

1227.  But  as  a  geneiral  rule,  as  far  as  you  have  ob- 
served it,  do  you  think  that  the  use  of  gunpowder  is 
wasteful  I  think  it'  is  objectionable,  both  becanae  of 
the  waste  of  the  coal,  and  on  account  of  the  foaling  of 
the  air. 

1228.  {Chairman.)  You  say  that  the  cost  of  the 
tenusit  of  cool  under  ground  is  eiqtensivc ;  how  is  it 
conv^ed  from  the  &r  aid  of  the  levels  to  the  shaft  ? — 
That  is  not  expensive ;  we  do  it  by  horse  power. 

1229.  In  what  way  does  the  expense  arise  ? — fVom 
tile  ftce  of  the  working  and  the  inclination  being  so 
steep  you  hare  to  fill  the  sledges  by  hand  and  t^e  it 
down  the  up-sets.  We  call  them  slipe  roads  in  the 
long  workings,  and  where  there  used  to  be  stoop  and 
rooms  we  call  them  np-sets. 

1230.  What  distance  do  those  up-sets  go  up?— 
That  depends  upon  the  inclination  ;  the  steeper 
iacltnation  the  shorter  distance  tiiey  can  go. 

1231.  What  is  the  greatest  distance  ?— About  40  to 
44  fathoms  is  the  steepest ;  we  may  call  it  42. 

1232.  Do  they  go  straight  up  on  the  rise  or  do  th^ 
slant  up? — They  are  intended  to  go  straight  up. 

1233.  On  getting  the  coal  to  the  bottom  of  those 
up-sets  it  is  brought  ^ong  the  levels  by  horses,  you 
say  ? — ^Tes. 

1234.  Are  the  sledges  put  on  to  lorries  ? — T\x<es^ 
are  emptied  into  the  waggons.  The  sledge  is  brought 
down  to  the  foot  of  the  rood,  and  there  the  coal  is 
transferred  by  hand  labour  again  into  the  waggon. 

1235.  What  quantity  does  each  waggon  hold  ? — 

From  7  to  8  cwt. 

1236.  Which  you  bring  out  by  horses? — ^It  is  brought 
out  fay  horses  from  the  main  level. 

1237.  How  many  of  those  7  to  8  cwt.  tubs  will  one 
h««e  bring  al(mg  to  the  shaft  ? — We  send  12  waggons 
to  a  run  ca  about  4  tons.  We  consider  that  full  work. 
When  it  comes  to  be  more  than  that  we  diminish  the 
quantity  to  each  horse  and  put  in  ui  extra  one. 

1238.  Have  you  not  tried  driving  out  those  levels 
.  to  the  far  end  and  keeping  them  all  in  the  solid  ? — ^N(^ 

we  have  never  tried  that. 

1239.  Would  not  that  keep  your  roads  in  much 
better  order  to  the  very  last  -They  wonld  not  keep 
at  all  in  that  case  ;  they  keep  far  better  as  gob  roads. 

1240.  But  if  you  had  much  fire-damp  would  jov  be 
able  to  work  upon  this  system  ? — I  have  had  no  ex- 
perience of  fire-damp,  but  I  Uiink  that  it  is  a  very 
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C  44  thing  after  it  has  settled  to  plaster  the  sidee  of 

J.  Daridton,    the  main  road  with  lime  to  prevent  leakage. 

(2.)  Coal  pkoduced  pkb  foot  per  acee. 
16  Jvly  1B68.  1241.  {Chairman.)  Can  you  tell  us  the  quantity  of 
coal  that  you  obtain  per  foot  per  statute  acre  when 
clear  of  fonlts  and  without  any  natural  difficulties, 
f'irst,  will  you  tell  us  what  is  the  total  produce  of  coal 
of  all  kinds  per  foot  per  acre  ?— I  cannot  answer  that 
qoestion,  but  I  can  give  the  result  of  three  measure- 
ments ;  11^  acres  of  the  ''Parrot"  seam  <^  an  average 
thickness  of  36  inches  gave  3,830  tons  statute  per 
acre,  the  estimated  quuitity  for  that  thickness  being 
4,856  tons,  showing  a  loss  of  626  tons  per  acre  or 
about  one- ninth. 

1242.  What  number  of  tons  was  obtained  per  foot 
per  acre  ? — About  1,300  tons  per  foot  per  acre.  In 
the  same  seam  at  another  pit  a  thickness  of  42  inches 
yielded  13,977  tone  statute  from  three  acres,  that  was 
4,659  tons  per  acre.  The  estimated  quantity  was 
5,082  tonS}  showing  a  loss  of  423  tons  or  about  one- 
twelfth. 

1243.  Can  you  give  us  the  number  of  tons  per 
foot  per  acre  ? — That  gives  also  1,300  tons  per  foot 
per  acre.  The  whole  working  of  the  pit  extends 
to  about  51  acres.  The  prodnce  was  175,986 
statute  tons.  The  thickness  on  an  average  of  27 
measurements  ia  34  inches.  The  estimated  quantity 
per  acre  is  4,100  tons,  and  the  actual  produce  per 
acre  3,450  tons,  showing  a  loss  of  650  tons  or  about 
one-sixth. 

1244.  What  proportion  of  the  coal  obtained  in  the 
whole  colliery  is  large  coal  and  what  proportion  is 
small  coal  ? — In  1867  we  had  105,600  tons  of  round 
coal  and  15,179  tons  of  small  coal,  about  one-seventh 
being  small,  but  all  saleable. 

1245.  What  do  you  call  small  coal  ?--Wh8t  comes 
out  of  the  hewings  moedj. 

1246.  You  screen  your  coals,  do  you  not  ? — No,  in 
every  case  that  was  what  was  gathered  up  Ir^  a  close 
shovel  after  the  coal  was  hcnred;  we  sell  all  unscreened 
except  that  15,000  tons. 

1247.  Do  you  stow  any  small  coal  in  the  workings  ? 
—None  except  what  I  bave  explained  before  in  the 
steep  workings,  merely  what  is  lost. 

1248.  Have  you  no  coal  left  behind  for  pillars  for 
air  ways  ? — None  for  that  purpose. 

1249.  I  suppose  there  are  some  shaft  pillars  left  ? — 
Yes,  I  have  shown  them  in  the  plan. 

1250.  You  leave  pillars  for  the  support  of  the  in- 
clines and  for  the  cross  cuts  ? — ^Yes.  The  object  of 
that  is  to  keep  up  all  water  we  can. 

1251.  Have  you  much  coal  destroyed  by  faults  ? — 
Yes,  a  good  deal. 

1252.  About  what  proportion  of  coal  is  lost 
fiiults  ? — The  result  of  the  loss  upon  51  acres  was  650 
tons  per  acre,  which  is  about  one-sixdi,  in  consequence 
of  faults. 

1253.  Are  the  floors  and  the  roofs  of  the  coal 
seams  good  or  bad  ? — They  are  pretty  good  excepting 
in  the  Kaleblades. 

1254.  Is  any  of  the  coal  lost  as  post  coal  left  for 
the  support  of  the  roof? — None,  except  in  the  great 
seam  level,  and  it  is  so  left  that  we  can  get  it  again. 
We  leave  about  2  feet  on  the  roof. 

1255.  Ultimately  some  of  that  would  be  lost,  you 
will  not  get  it  all  ? — There  are  pillars  left  there.  I  am 
speaking  just  now  of  the  old  workings  where  they 
left  pillars  at  the  side  of  the  level  in  the  great  seam  in 
order  to  keep  as  near  the  low  side  as  possible.  To 
keep  the  roof  between  those  pillars  and  the  low 
side  they  left  this  piece  of  coal. 

1256.  What  proportion  of  that  would  be  lost  irmn 
damage,  crushed  and  squeezed  with  the  weight  of  the 
stratuiA  above  ? — I  could  not  answer  that  question. 
I  have  not  taken  out  any  of  it  yet,  but  there  will  be 
some  loss. 

1257.  (*S'i>  William  Armstrtmg.)  With  your  present 
mode  of  working  you  are  leaving  none  in  that  form, 
are  you  ? — ^No,  we  are  not  leaving  any  in  that  trey. 


1^58.  It  has  only  been  left  so  by  your  prede- 
cessors ?— Yes. 

1259.  {Chairman.)  Are  there  any  bands  of  coal 
that  are  separated  too  much  from  the  zuain  body  w 
as  to  become  unworkable  at  a  profit  ? — The  Eale- 
blades  are  subject  to  that, 

1260.  When  it  becomes  so  separated  do  you  lose 
one  of  the  beds  ? — We  get  folly  more  coal  when  it  is 
separated  than  when  it  is  not.  The  5  feet  9  inehes 
section  has  two  seams  of  coal  together,  and  when  they 
are  separated  the  distance  between  the  Little  Splint 
coal,  which  is  shown  below,  and  the  Kaleblade  ia  in- 
creased materially.  So  that  we  get  those  two  work- 
ings, losing  only  that  thin  bed  alwut  15  inches  which 
separates  from  the  upper  coal. 

1261.  By  working  long  wall  as  you  do,  you  would 
have  plenty  of  gob  room  for  the  rubbish  ? — ^We  should 
if  it  were  not  so  steep. 

1262.  If  you  kept  your  upper  levels  a  little  more 
in  advance  than  you  cut  them,  would  you  not  find  it 
much  more  convenient  for  pouring  the  rnbbish  down 
hiH  ? — The  levels  are  more  expensive  to  make  when 
that  is  done. 

1263.  Is  there  any  ooal  left  b^ind  nnworked  on 
account  of  its  not  being  in  demand  in  the  market  ?— 
None,  except  those  seams  which  are  not  workinir 
at  all. 

1264.  Ia  there  any  coal  left  as  barriers  against 
water  ? — None  ;  except,  of  course,  the  pillars  to  keep 
up  the  water  levels. 

1265.  Of  the  coal  which  you  get  at  this  particular 
colliery,  can  you  state  what  proportion  is  used  for 
colliery  purposes,  and  what  proportion  is  sold?— I 
could  not  state  that  exactly.  We  are  using  far  too 
much.  We  are  making  alterations  just  now  for  the 
purpose  of  diminishing  Uie  consmnptifm  of  coaL  We 
used  to  have  large  (^lindrical  boilers  with  egg  raids. 
We  are  in  course  of  cutting  off  the  egg  esias,  and 
putting  in  tubes ;  waA  I  expect  that  we  shall  econo- 
mize very  considerably  thereby.  The  results  of  one 
year  show  a  saving  of  about  500  tons  per  annum. 

1266.  About  what  proportion  is  the  colliery  con- 
sumption at  present  ? — I  coidd  not  tell  from  memory. 
I  scarcely  expected  to  have  been  asked  the  queation. 

1267.  {Mr.  Geddes.)  Would  it  be  one-tenth  or 
one-twentieth  of  your  computed  sum  of  120,000  tons 
a  year?— About  7,000  or  8,000  altogether  out  of 
120,000  tons.  It  is  entirely  small  coal,  however,  that 
we  bum.  As  a  general  rule,  we  use  nothing  except 
the  small  coaL 

1268.  At  present  it  seems  to  be  about  a  seventeenth 
part ;  how  mudk  of  that  do  you  expect  to  economize 
by  this  improvement  of  the  burrows  ? — I  can  give  70a 
the  results  of  one  trial  that  I  made.  To  keep  a  wud- 
ing  engine  of  two  22-inch  (flinders  and  5  feet  stroke 
going  required  two  cylindrical  e^-ended  boilers, 
whose  consumption  of  coal  and  drods  was  at  the  rate 
of  316  tons  of  coal  and  1,183  tons  of  dross  a  year; 
while  one  boiler  24  feet  by  6  feet  6  inches,  with  two 
internal  tubes,  each  2  feet  4  inches  in  diameter,  con- 
sumed 217  tons  of  coals  and  789  tons  of  dross,  show- 
ing a  saving  of  about  500  tons  of  coal  and  dross  a 
year,  but  doing  the  same  amount  of  wwk. 

1269.  That  does  not  give  us  the  comparative  saviif 
upon  the  whole  7 — I  could  not  give  that. 

1270.  That  would  only  be  the  saving  for  that  par- 
.  ticular  pit.  Do  you  know  what  was  the  out-put  of  that 
particular  pit  ? — It  would  not  be  a  fair  comparison, 
because  there  is  no  pumping  there  at  all. 

1271.  {Sir  WiiUam  Armstrong.)  Yon  say  that  yon 
have  a  loss  by  the  small  coal  varying  from  i  ninth  U) 
a  twelfth  ;  but  that  small  is  bU  produced  by  your  mode 
of  working  and  not  by  screening  ? — No,  not  by  screen- 
ing. 

1272.  Did  you  not  say  that  that  loss  was  caused  by 
the  steep  incunation  of  the  seams  ? — What  is  lost  at 
all  is  lost  in  that  way. 

1273.  How  is  the  production  of  small  coal  con- 
nected with  the  steep  inclination  of  the  seam  F — 
In  the  Parrot  seam  the  bottom  cdal  is  9o%  and  it  is 
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Bold  under  the  name  of  small*  It  is  all  worked  as 
small. 

1274.  Af¥>  I  mistaken  in  undei'standiag  you  to  say 
that  yon  have  a  certain  waste  in  the  shape  of  small, 
in  consequence  of  having  to  work  the  coal  at  so 
steep  an  iuclination  ? — ^No.  What  I  meant  was  that 
when  the  coals  are  lying  at  those^  high  angles, 
and  the  nutn  hews  them  underneath,  he  leaves  them 
in  the  afternoon ;  but  perhaps  by  the  time  that  he 
comes  down  in  the  morning  they  go  over  into 
the  waste,  more  or  less.  -  He  gets  back,  of  course,  all 
that  he  can  ;  but  a  large  number  of  small  pieces  in- 
vwiably  get  rolled  further  down  into  the  got  and  «re 
lost,  principally  because  the  men  will  not  take  the 
trouble  to  go  and  look  for  them.  They  are  not  seen 
just  at  once,  and  tf  the  meu  do  not  see  them,  they 
will  not  go  and  look  for  them. 

1275.  Then  what  remains  is  gathered  up  and  sent 
to  the  sur&ce  as  small,  or  as  refuse  ? — Yes. 

1276.  Is  that  used  altogether  for  your  engines  ? — 
No  ;  we  sell  a  good  deal  for  limo  burners  ;  but  the 
whole  coals  get  tumbled  into  the  waste,  and  they 
have  to  be  brought  back  again. 

1277.  By  diia  plan  you' divide  your  several  scams  into 
seams  that  are  worked  and  seams  that  are  not  worked ; 
those  that  are  worked  being  coloured  black,  and  those 
that  are  not  worked  being  coloured  green.  In  the 
first  place,  what  'is  the  reason  why  those  that  are 
coloured  green  are  not  worked  ? — The  uppermost  one, 
called  Siller  Willie,  is  a  poor  coal  of  itself  ;  but  that 
would  not  stand'  in  the  way  so  much  as  the  roof;  it 
hfts  a  very  bad  roof. 

1278.  Now  go  to  the  next  one,  Coal  Patie  ;  why  is 
that  not  worked  ? — I  cannot  get  at  it  at  pi-esent ;  but 
I  have  no  reason  to  restrain  me  from  working  ic 
beyond  its  b^g  out  of  the  way.  But  in  former  times 
thero  was  a  superstition  connected  with  it,  to  the  effect 
that  it  gave  out  an  excessive  quantity  of  choke-damp, 
and  they  built  it  off.  I  have  never  seen  it,  except 
when  I  have  simk  through  it. 

1279.  Is  the  coal  of  good  quality? — I  am  not 
aware.    I  believe  it  is  pretty  good. 

1280.  Could  you  work  it  at  a  profit  at  the  present 
time? — I  could  not  say.  I  never  tried  it  ;  but  I 
know  of  no  reason  why  it  should  not  Ije. 

1281.  You  do  contemplate  working  it  some  day? — 
I  expect  to  work  it  soon. 

1282.  Then  comes  the  next,  the  Smithy  coal,  why 
is  that  not  worked  ?— I  should  explain  that  those  coals 
have  all  been  partially  wrought  at  different  times  with 
me  exception  or  two  at  the  most ;  the  Smithy  ooal 
was  pretly  well  worked  in  former  times. 

1283.  Why  is  it  not  worked  now  ?— The  state  of 
the  market  is  the  only  thmg  that  keeps  me  back.  I 
have  it  laid  out  fox  working. 

1284.  In  fact  it  cannot  be  pi-ofitably  worked  at  the 
present  price  of  coal  ? — Yes,  it  could  be  worked  at  a 
profit,  but  we  have  plenty  of  coal  opened  already,  and 
it  is  of  no  use  beginning  with  that. 

1285.  Could  you  work  it  'profitably  at  present  ? — 
Yes,  if  we  required  it 

1286.  At  the  present  prices  could  you  work  it  pro- 
fitably  ? — I  think  we  could.  It  is  not  on  that  account 
that  I  am  not  working  it,  but  that  we  can  get  a  suffi- 
cient quantity  of  coal  from  other  seiuns  without 
working  that  one.  I  have  prepared  it,  however,  to 
work  when  there  is  a  euffident  demand  for  it 

1287.  Then  the  next  seam  has  no  name  apparently  7 
— That  has  never  been  wrought  at  all.  I  merely  put 
it  in  as  being  above  the  required  thickness. 

1 1 88.  Do  you  kaow  anything  of  the  quality  of  it  ? 
—I  kimw  nothing  ^bout  it. 

1289.  You  cannot  judge  as  to  whether  it  will  ever 
be  worked  to  advantage  ? — No. 

1290.  Then  the  next  is  the  Little  SpUnt  seam;  why 
is  that  not  worked  ? — It  is  too  close  to  the  £alehladefl, 
the  seam  above,  to  work  it. 

1291.  That  is  to  say  you  cannot  work  it  until  you 
have  cleared  the  seam  above  it  away  ?— Yea,  that 
iiao, 

Z  s 


1292.  Is  &at  the  only  reasoa  i^ainst  working  it  at 

present  ? — In  that  pit  it  is ;  we  have  got  hold  of  it 
in  the  other  pit,  where  the  distance  between  the  two 
seams  is  greater.  It  is  workable  ,coal,  but  it  is  not 
being  wrought 

1293.  Then  the  working  of  this  seam  above  it 
will  not  interfere,  I  suppose^  with  the  snbsequant 
working  of  the  other  ? — ^Not  in  the  least  You  see 
that  the  two  uppermost  coals  that  we '  work  we  as 
close  together  as  those  are,  and  we  are  wooding  them 
together  at  present. 

1294.  The  next  is  Parrot  Post  coal ;  why  ia  that 
not  worketl  ? — It  is  very  inferior  coal  indeed,  and  it 
has  never  been -touched,  except  for  the  purpose  of 
driving  air  courses  in  it. 

1295.  You  do  not  consider  that  that  coal  is  worked 
at  a  profit  at  the  present  prices  f — No  ;  it  has  a  very 
bad  roof,  but  if  we  began  it,  it  could  easily  foe  worked 
at  a  profit. 

So  that  only  one  of  those  seams  coloured 
green  is  really  coal  which  is  to  be  reckoned  of  no 
account  ? — Only  one,  and  that  is  the  poorest  lot. 

1297.  All  the  others  yon  consider  workable  seams  P 
— Yes;  they  may  be  worked  socmer  or  later.  I 
believe  that  ^at  one  could  be  wrought  very  well  for 
lime  burners'  purposes. 

1298.  Would  it  pay  to  work  it  for  that  alone  ? — A 
good  deal  depends  upon  circumstances.  If  we  had  the 
monopoly  of  the  market  it  would  do  well,  bat  not 
taking  things  as  they  stand  now. 

1299.  After  you  had  worked  out  those  seams  which 
you  are  busy  with  now,  and  which  are  coloured  black, 
would  it  then  be  worth  your  while  to  work  the 
others  separately  for  themselves,  or  boold  you  only 
work  them  to  advantage  in  conjunction  with  Uiose 
better  seams  ?  Supposing  the  coHiery  was  closed, 
would  it  be  worth  while  at  any  future  time,  do  you 
imagine,  to  veoptm  it  for  the  purpose  of  getting  those 
ini^or  or  doubtful  seams  ? — I  believe  it  would,  ^tart 
irom  the  question  of  capitid  altogether,  and  it  wouM 
not  require  much  capital. 

1300.  {Mr.  Geddes.)  You  mean  the  shafts  of  ma- 
chinery being*  thei«  and  the  stone  mains  driven  ? — 
Yes. 

1301.  (A'i'r  William  Armstronff).  Is  there  any  pro- 
bability of  an  ultimate  sacrifice  of  the  coal  consequent 
upon  not  working  tliese  seams  coloured  green,  in  con- 
junction with  the  black  seams  ;  or,  in  other  words,  if 
you  get  the  cream  of  the  coal  away  first,  is  it  likely 
that  the  other  will  be  worked  separately  by  its^  ?— I 
believe  that  we  shall  have  to  do  that  when  we  have 
nothing  else. 

1302.  In  that  case  yon  could  only  do  it  when  the 
general  price  of  cool  is  higher  than  the  present  pnce  ? 
— ^Yes. 

1303.  In  other  words,  when  the  country  is  in  a 
more  disadvantageous  position  with  regard  to  itn  uoal 
supply  than  it  now  is  ? — I  suspect  so. 

1304.  (Mr.  Geddes.)  You  are  aware,  I  presume, 
that  the  price  of  coal  is  unusually  low  at  present  in 
Scotland  ? — Yes,  it  is  very  low  at  present. 

1305.  Have  you  had  them  much  higher  in  your 
colliery  in  your  time  ? — Yes,  a  great  deal  higher. 

1306.  How  much  higher,  double  or  half  as  much 
again,  or  how  at  any  time  ? — We  have  had  them  at 
least  60  per  cent,  higher. 

1307.  As  far  as  you  know,  could  any  of  thwe  coals 
that  txB  marked  green  in  that  section  be  suitable  for 
iron  working  ? — ^No,  I  could  not  say  that.  I  do  not 
think  so.    The  Smithy  ooal  might  be. 

1308.  ( CftotnitaN.)  I  suppose  that  it  would  hare 
to  be  coked  ? — I  do  not  think  so.  There  is  but  very 
little  sulphur  in  it  I  have  had  all  those  coals 
analyzed  for  a  different  purpose,  and  I  .can  Ornish 
the  Cominission  with  tibie  analysis  if  they  desire  it. 

(3.)  Ordek  of  wobkino  the  Seams. 

1309.  {Chairman.)  Have  you  any  order  in  which 
you  work  the  seams ;  that  is  to  say,  do  you  commence 
with  the  upper  seam  first  and  work  it  off,  and  then 
begin  with  die  next  one,  and  work  down  in  deaoend- 
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ii^  order  ? — We  wb  wwking  the  whole  five  seams  at 
ttie  same  time. 

1310.  Do  70a  keep  working  those  underneath  at 
die  same  time  as  those  above  ? — ^Yes. 
-  1311.  What  efi^  has  the  working  of  the  Iowa* 
seams  at  the  same  time  upon  the  upper  seams  ? — The 
onljr  effect  that  X  have  noticed  yet  is  the  derange- 
ment of  the  self-acting  planes;  but  that  is  not  very 
serioos. 

1312.  But  it  would  derange  the  levels  also? — We 
do  not  depend  upon 'those  levels  for  water,  and  be- 
sides that  the  level  is  free  from  the  draw  of  the 
break. 

1313.  Each  separate  seum  and  each  set  of  levels  is 
above  the  other  ? — Yes, 

1314.  Bnt  the  levels  to  some  extent  will  be  dis- 
turbed by  working  the  lower  seams  ? — Yes,  they  will 
sometimes. 

1815.  And  the  floor  will  heave  ? — No,  we  ai'e  not 
rabject  to  the  floor  heaving  at  all. 

1316.  If  you  work  the  coal  out  underneath  there 
will  be  a  subsidence,  and  that,  to  some  extent,  will 
alter  the  level  of  the  roads  in  the  seams  above  ? — It 
seems  to  go  altogether,  the  whole  concern  at  once. 

1317.  Have  you  no  undulations? — No,  the  strata 
are  so  steep  as  not  to  show  it. 

1318.  Do  you  work  the  upper  seams  a  little  in 
advance  of  the  lower  or  not  at  all  in  advance  ? — 
There  is  no  attention  paid  to  that ;  but  the  result  is 
that  the  upper  seams  are  worked  a  little  in  advance 
of  the  lower. 

1319.  I  suppose  that  is  from  the  fact  that  they  are 
arrived  at  first,  and  the  operation  can  be  sooner  taken 
advantage  of  7— That  is  tiie  only  reason. 

1320.  It  is  more  accident  thui  by  design? — 
Yes. 

1321.  How  much  may  they  be  in  advance  of  the 
lower  laces  of  working  ?  May  they  b*;  60  yards  in 
advance  or  more? — Yes,  and  perhaps  100  yards;  but 
that  is  not  always  the  case.  In  some  instances  the 
lower  seam  is  leading. 


1322.  Under  the  former  heading  Sir  William  Arm- 
strong, in  additi<m  to  the  questitms  upon  the  seams  of 
coal  that  were  separated  from  the  other  seams,  hu 
also  put  some  questions  to  jtin  wluch  bear  opon  tlm 
division  of  the  subject,  that  is  to  say,  the  several 
seams  that  you  are  passing  over  without  working ;  do 
you  expect  that  those  searas  will  be  returnable  10 
hereafter  without  being  much  damaged  ? — I  think  so. 

1323.  You  do  not  expect  that  the  subsiding  of  the 
ground  will  hnve  crush(>d  or  broken  them  up  so  a.<;  lo 
prevent  your  obtaiuiug  as  largo  a  quantity  from  them 
as  you  do  from  the  seams  which  you  are  now  work- 
ing ? — I  do  not  iiiid  that  to  be  the  case  with  the 
Kfldeblades,  which  immediately  follows  the  ParroL 
We  are  a  little  annc^d  in  keeping  the  roads,  that 
is  all. 

1324.  The  coal  is  of  such  a  nature  that  it  is 
not  much  damaged  by  working? — It  ia  not  much 
damaged. 

(4.)  Goal  lept  fob  Subfacb  Scpport. 

1325.  {Chair/nan.)  Do  any  of  the  workings  of  this 
colliery  happen  to  be  in  a  district  where  you  have  to 
leave  coal  to  support  the  surface  ? — ^Xo  ;  I  have  had 
no  experience  at  all  with  regard  to  tliat.  The  only 
coal  that  wo  leave  is  to  supprnt  the  shafts  and  tbe 
Day  level. 

1326.  I  suppose  that  there  are  parts  of  Scotland 
where  considerable  quantities  of  coal  have  to  be  left 
to  support  the  surface  ? — Yes.  In  the  neighbourhood 
of  Glasgow  large  quantities  have  to  be  left  for  that 
purpose. 

1 327.  Is  there  anything  else  which  yon  would  like 
to  state  to-  the  Commission  with  r^ard  to  the  system 
of  working  coal  in  Scotland  ?-~I  am  not  Aware  of  any- 
thing. 

1328.  {Mr.  Geddes.)  Have  you  prepared  replies  to 
a  schedule  that  was  sent  to  you  some  time  ago  ?— I 
have  prepared  some  unswers,  but  they  are  not  in 
detail  about  the  temperature  of  coal  and  the  cost  of 
ventilation. 


The  witness  withdrew. 


WiLLlAH  Alkxahdbk,  E^.,  (Inspector  of  Mines,  Glasgow,)  examined. 


1829.  {Chairman.)  Are  you  Her  Majesty's  In- 
spector of  Mines  for  the  western  division  of  Scotland  ? 
—Yes. 

1880.  I  believe  yon  have  been  a  mining  engineer 
in  general  practice  in  Scotiand,  and  you  know  not 
only  the  western  but  the  eastern  division  also  ? — Yes, 
bnt  chiefly  the  western  division. 

(1.)  StSTEH  op  WOBKtHG. 

1331.  (Chairman.)  What  are  the  systems  of  work- 
ing at  present  pi-actiaed  in  Scotland  ?— -They  may  be 


confined  to  two  }systeins,  what  is  termed  the  stoop 
and  room,  and  the  long  wall ;  the  stoop  and  room  is 
siniply  the  pilUtf  and  stall  system. 

1332.  Is  the  stoop  and  room  the  oldei*  system?— 
Yes.  I  submit  two  plans.  No.  1  shows  the  original 
stoop  and  room  system  where  the  coal  is  all  worlied, 
excepting  what  is  required  for  the  snpport  of  tbe 
roof. 

1833.  What  is  the  size  of  the  stoops  in  thi:;  in- 
stance?— They  ore  left  of  sufllcient  size  to  support 


No.  1. 


the  roof  and  no  more,  and  not  with  the  view  of  being 
afterwords  taken  out. 

1334.  The  stoops  being  ultimately  lost  ? — Yes. 

1335.  What  is  the  size  of  the  stoops  and  the  size  of 
tiie  rooms  ?— Where  that  i^stera  has  been  practised, 


about  one-fourth  of  the  coal  has  been  left  in  for  the 
support  of  the  roof  and  lost.  As  drawn  in  the  plan 
I  think  tbe  pillars  ere  four  yards  square  and  the  open- 
ings are  four  yards. 

1836.  The  working  being  something  on  the  dratight- 
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board  pattern  ?— Yea,  the  object  of  that  arrangement 
is  to  ^tve  greater  support  to  the  roof,  iostead  of 
having  levels  right  across. 

1337.  The  stoops  are  not  lefl  in  straight  lines,  but 
placed  diagonally  ? — 'Yes  ;  that  I  find  to  be  the  oldest 
mode  of  working  coal  in  Scodajid. 

1338.  Is  that  practised  now  as  much  as  formerly  ? 
-~No,  not  nearly  so  much,  it  ia  going  oat  of  use  ; 
and  I  hope  will  soon  be  out  of  use  idtogether. 

13S9.  Z  suppose  there  would  be  some  advantages 
in  woridng  upon  this  system  ? — The  advantages  are 
that  in  some  cases,  and  where  the  roof  is  good,  there 
is  no  cost  for  wood,  and,  taking  everything  into 
account,  perhaps  it  is  the  cheapest  mode  of  working. 

1340.  But  it  is  attended  with  a  loss  of  one-fourth 
of  the  coal  ? — Yea.  I  have  known  them  sometimes, 
after  they  have  got  to  the  extremity  or  other  limit, 
be^n  to  take  away  pai't  of  the  piliars,  but  it  often 


happens  in  such  attempts  that  a  crush  is  twou^t  on       C  47 
and  the  works  require  to  be  abandoned.  IF.  Aiamder, 

1341.  (Mr.  Geddea.)  Besides  the  loss  of  ooal,  have 

you  any  other  objection  to  the  system? — There  is  i-t'iIT 
an  excess  of  "  shearing  "  which  makes  more  snuU 
coal,  but  I  do  not  know  of  any  other  objection. 

1342.  Is  there  any  obstruction  to  the  ventilation? 
— You  can  make  the  ventilaticm  as  e£foctive  by  that 
system  as  by  any  other  mode  of  |Hllar  working  I 
wink. 

1348.  Besides  the  loss  of  coal,  is  there  any  other 
objectum  whidi  strikes  your  mind  <m  the  score  of 
ventilation  ? — Not  more  tlian  in  any  other  mode  of 
pillar  working. 

1344.  {CIutiTman.)  Can  you  describe  the  other 
plan  which  you  have  handed  in  'i — I  would  describe 
that  88  No.  3  ;  in  this  case  the  pillars  are  formed  with 
the  view  of  being  taken  out  at  any  time. 


No.S. 


1345.  (^Mr.  Geddes.)  The  pillars  being  left  largf 
with  the  view  of  working  back  ? — ^Yes,  or  being 
worked  out  at  any  time  before  reaching  the  boundary 
of  the  field,  about  two-Hftha  of  the  seam  being  taken 
out  at  the  first  working. 

1346.  (CAairmrfn.)  What  width  do  you  drive  the 
rooms  in  this  inatanco  ? — In  tliat  instance  they  are 
driven  four  yai^s. 

1347.  And  what  is  the  size  of  the  pillars? — 12 
yards  by  18  yards. 


1348.  How  is  thift  found  to  answer  in  practice 
Very  well. 

1349.  This  No.  2  plan  is  very  similar,  is  it  not,  to 
the  Northumberland  and  Durham  ^stem  ?— Very 
nmilar,  and  all  the  modeaof  working  are  simply  modi- 
fications of  those  two  ;  the  pillars  may  be  smaller  or 
larger,  but  those  are  neariy  the  ex^'eme  stKeSj  I 
would  say,  of  the  pillar  woikiog  in  Scotland. 

1350.  WiU  you  now  describe  the  other  system,  the 
long  wall  system  ? — I  beg  leave  to  submit  a  sketch 
of  that  system  marked  No.  3  (producing  the  tame). 


No.  s. 


1351.  The  long  Willi  I  believe  ia  by  fur  the  most 
common  sy»)em  prnctiseil  in  Scotland  ? — I  find  that 
about  55  jMr  cent,  of  the  coal  worked  in  Scotland  is 
bj  the  long  wall,  mid  45  per  cent,  by  the  stoop  and 
room. 

1352.  And  do  you  find  the  long  wall  giuning 
ground  ?— Yes,  gwning ground  fast 

1353.  Is  it  not  the  Hict  that  in  some  of  the  present 
leases  it  is  made  compulsory  to  work  the  coal  by  long 
wall  ? — ^Yes,  or  by  a  mode  of  pillar  working  hy  which 
the  piliars  maybe  left  of  sucli  a  size  as  to  be  alter- 
wards  worked  ;  in  fact  not  according  to  the  first  plan. 

1354.  So  tJiat  system  No.  1  would  be  exploded  ? — 
Yes. 


13.5o.  How  many  systems  of  long  wall  are  practised 
in  your  district  ? — I  do  not  know  that  there  is  any 
but  the  one  system  ;  the  width  of  wall  may  vary,  but 
that  is  all  the  difference. 

1856.  Are  they  all  worked  fnnn  the  shafls  out- 
wards?—All  fnm  the  diafts  outwards. 

1367.  No  driving  to  the  extremity  and  working 
backwards  ?— Not  in  long  wall ;  bat  by  this  mode, 
No.  2  plan,  they  generally  work  to  the  extremity,  and 
take  out  the  pillars  backwards. 

1358.  {Mr.  Geddea.)  Do  you  find  that  the  inclina- 
tion of  the  beds  of  coal  has  any  eflbct  in  encouraging 
or  discouraging  the  long  wall  working  ? — I  am  not 
aware  that  inclination  has  any  effect. 


Z  X  4 


Digitized  by 


Google 


360 


ON  WAjBTE  IS  WORKIKO. 


C  48  1359.  {Chairman.)  Wfa«t  thickness  of  seams  have 

W,  AUxoAder,  you  worked  in  Scotland  ? — submit  a  section  of  the 
I'ppcr  *nd  lower  measures  ■  at  five  different  points 
16  Jnly  1808,    ^       Ayrshire  coi^elds,  with  the  thickness  of  the 
various  seams  lOairked  thereon. 

1360..  What  is  the  thickest  seam  that  is  worked  ? — 
CTpwards  of  six  feet. 

1861.  And  what  is  the  thinnest  seam  that  is 
worked  ? — The  thinnest  that  I  have  been  in  is  seven 
inches.  In  that  particular  district  they  have  two 
seama,  one  they  call  the  little  team,  and  ^e  other  the 
hig  mm,  and  the  one  is  seven  inches  and  the  other  is 
nine. 

1362. 1  suppose  the  dips  are  of  all  kinds,  from  very 
steep  to  perfecuy  flat? — ^Yes  ;  I  would  put  the  average 
at  ahont  1  in  6  to  1  in  8. 

1368.  I  suppose  iJie  principal  workings  ai-e  on  the 
sides  of  the  -basins  now  where  they  are  dipping 
towards  the  centre  ? — The  coalfield  in  Scotland  is 
80  much  cut  up  by  dislocations  that  it  is  di&cnlt  to 
tell  which  is  the  centre,  but  I  take  the  average  in- 
clination to  be  about  1  in  7  ;  a  great  deal  is  about  I 
in  7. 

1364.  What  is  the  gr^test  depth  which  has  been 
reached  by  any  workings  in  Scotland  ? — About  200 
is  the  deepest  at  present  worked. 

1365.  Do  you  find  much  inconvenience  from  the 
weight  at  those  greatest  depths  that  have  been 
reached? — Not  at  all;  and  by  the  long  w^l  system, 
where  there  are  a  number  tjS  seams,  the  weight  could 
bo  modified  in  my  opinion  to  suit  any  depth. 

1366.  There  are  -no  pillars  left  to  be  crushed  ? — 
No,  not  in  the  long  wall. 

1367.  But  in  some  of  the  mines  thei'C  is  a  moderate 
quantity  of  firje-damp  met  with,  is  there  not  ? — I  can- 
not say  that  the  pits  are  fiery. 

1368.  Up  to  the  present  time  you  do  not  meet 
with  anything  like  the  large  quantity  of  firo-damp  in 
Scothind.  that  is  met  with  in  England? — Not  at 
alL 

1869.  So  that  your  system  is  quite  suitable  for  the 
quantity  of  gas  that  you  have  to  deal  with  ? — The 
long  wall  is  quite  suitable  for  the  quantity  of  ^ 
tiiat  we  have  to  deal  witii,  and  we  prefer  it,  but  thmk 
it  would  be  more  suitable  under  any  condition  than 
the  pillar  working  for  by  it  the  openings  can  be  re- 
duced to  the  minimum. 

1370.  Practically  do  you  not  find  a  great  deal  of 
air  lost  by  leakage  through  those  gob  w^ls,  and  that 
but  little  gets  to  the  far  ends  ? — ^No,  because  after 
the  subsidence  of  the  roof  there  is  very  little  space 
left  for  the  sxe  to  escape. 

1371.  It  squeezes  the  place  quite  tight  ? — Yes  ;  the 
subsidence  is  about  two-thirds  of  the  excavation  ; 
that  is  to  say,  in  a  seam  of  coal  three  jSeet  thick  the 
roof  would  subside  to  about  one  foot  from  the  pave- 
ment. 

1372.  In  the  long  wall  working  to  what  width  do 
the  places  vary  ? — The  walls  are  from  12  to  20  yards 
apart,  as  shown  on  the  plan. 

1373.  Mr.  Davidson  told  us  that  in  all  the  up-set 
places,  that  is,  in  each  working  face,  two  men  work, 
in  going  over  wide  districts  as  you  do,  do  you  find  that 
only  two  men  work  in  each  place  ? — It  is  customary 
for  two  men  to  work  in  a  wall  of  12  or  14  yards.  If 
it  is  wider  you  may  have  three  or  four ;  generally  I 
find  that  the  men  prefer  a  good  long  wall. 

1374.  But  sometimes  four  ? — Sometimes  four  work 
together,  but  it  is  an  exception.  I  think  they  usually 
incline  to  work  two  mea  in  a  wall  of  12  to  14  yards 
wide. 

1375.  Is  there  any  objection  to  working  more  than 
two  in  a  place  on  aeoouut  of  the  noise  that  they  make  ? 
—In  long  wall  working  I  think  it  is  advantageous  to 
the  workmen  to  have  a  good  length  of  wall,  and  those 
accustomed  to  the  system  gener^y  contrive  to  under- 
mine the  coal  along  their  wall  face  during  the  after 
part  of  the  day,  leaving  it  to  be  acted  upon  by  the 
overlying  weight  during  their  absence  (at  uigfat), 
which,  being  only  partial  supported  upon  the  loose 


buildings,  gently  fwces  ofi^  the  nndemttned  pwtioa  of 
the  coal  brfore  they  return. 

1376.  In  another  respect,  as  regards  economizing 
pit  room,  it  is  a  disadvantt^e  to  give  to  a  couple 
men  too  mudi  space  ?— -No  doubt  it  is. 

1377.  And  where  ventilation  is  a  great  object  it  is 
sometimes  very  serious,  is  it  not,  to  have  the  esiem  of 
pit  room  multiplied  unnecessfuily  ? — Xes,  with  th«t 
view  of  course  it  is  a  disadvanti^e  ;  they'ti&e  doini 
part  of  the  roof  to  make  the  roadways,  and  tfatt 
generally  gives  them  sVaS. 

1378.  {Chairman.)  Do  not  most  mines  give  off 
black  damp  c»-  choke  damp  ? — Not  most  <tf  than; 
some  of  Ihffln  do. 

1379.  To  what  distance  are  those  g4b  roads  carried 
from  the  shafts  In  the  most  extreme  caeca  that  jon 
know  ? — I  do  not  know  any  limit  to  them  ;  I  We 
been  in  them  a  mile  from  the  bottom  of  the  pit,  but 
I  do  not  know  any  reason  for  limiting  them  to  ksj 
distance  so  long  as  the  first  general  rule  of  the  Minn 
Inspection  Act  is  observed, 

1380.  Have  you  not  found  that  at  the  far  endi 
there  has  been  a  slackness  of  air  ? — The  buiidiji| 
alongside  of  a  road  through  the  gob  soon  becomes  se 
compact  for  ventilating  purposes  as  if  it  had  beeni 
piece  of  solid  coal,  and  no  waste  of  air  can  take  place 
at  these  buildings  after  the  roof  has  once  got  fairiy 
subsided.  Y-ou  may  assume  in  practice  that  from  oO  t» 
100  yards  back  from  the  face  ^e  roof  has  subsided  u 
much  as  it  will  do, 

1381.  {Mr.  Geddes.)  Will  you  bring  under  the 
attention  of  this  Committee  a  working  in  Ayrshire, 
to  which  you  referred  to  myself  some  little  time  ago,  of 
pillars  of  coal  which  have  been  left  a  length  of  time; 
will  you  explain  that  case  a  little  more  fully? — It  mast 
be  some  time,  about  40  years  ago,  since  the  pillars 
referred  to  were  formed,  in  fact,  very  much  upon  the 
system  of  plan  No.  1,  only  I  lie  pUlars,  thou^  perhaps 
larger,  were  more  irreguJai-.  The  roof  h^  ftllenso 
closely  as  to  thoroughly  fill  up  the  openings,  and  id 
working  those  pillars  they  had  to  drive  through  the 
fallen  roof  just  the  same  as  though  it  had  been  ft 
piece  of  solid;  but  it  was  the  &ct  that  ^isj  wortod 
those  pillars  nearly  as  cheaply  as  fresh  coal  fnaa  the 
same  seam  in  an  a^oining  pit. 

1382.  {Sir  WiUiam  Armstrong.)  I  suppose  that 
is  an  exceptional  case  ? — ^Ferhqu  it  is.  Thoe  wae  t 
loss,  but  it  was  not  in  the  shape  of  working  cost ;  it 
was  in  the  deterioration  of  the  coal ;  there  was  more 
small  in  working  the  pillars. 

1383.  {Chairman.)  But  if  the  «>al  had  been  of 
such  a  nature  as  that  of  South  Walee  and  some  other 
parts  of  the  country,  it  might  have  been  all  crushed 
to  small  ? — This  was  not  soft  coal,  and  I  cannot 
compare  it  with  the  South  Wales  coal  ;  this  is  what 
we  call  splint  coal. 

1384.  Generally  ovot  the  district  is  the  holing 
or  mining  of  coal  carried  on  in  the  coal  itself  ix 
in  some  bed  of  earth,  or  underneath  the  main 
seam  ?  —  Wherever  there  is  a  soft  stratum  under- 
lying the  coal,  which  does  not  increase  the  cost  of 
mining,  the  "  holing  "  is  made  in  it ;  the  long  mil 
enables  yon  to  do  that  much  better  than  pUlar  work 
does.  -Li  the  long  wall  yon  can  "  hole  "  in  a  much 
harder  layer  tlian  you  can  do  in  pillar  work;  the 
weight  at  the  face  of  the  long  wall  enables  this  to  be 
done. 

1385.  By  altering  the  direction  of  the  face  yon 
may  bring  any  amount  of  weight  to  bear  on  it  dial 
you  feel  disposed  in  the  different  strata  ?  —  Tes ; 
but  when  you  have  different  seimis  you  can  reduce 
the  weight  by  working,  it  may  be  the  middle  one,  or 
the  upper  one,  which  would  relieve  the  weight  upon 
a  soft  seam  ;  the  long  wall  system  admits  of  all  tfaoee 
modifications. 

1386.  Have  there  been  any  coal-cutting  macfaiiicB 
introduced  in  your  district  ? — No. 

1387.  Is  powder  generally  used  for  blasting  ihe 
coaL  Very  generally,  and  I  think  it  is  increasing. 
Instead  of  "  holing "  and  preparing  the  coal  to  be 
brought  down,  in  many  cases  they  keep  blasting 
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away  and  tearing  it  out,  which  does  «wky  with  the 
good  effect  ivhich  might  be  obtuned  from  tibe  over- 
lying weight  in  long-wall  work. 

1388.  I  suppose  wedges  will  still  be  used  io  many 
ui8tance4'?-~Ye8 ;  where  some  seams  are  tender  they 
are  not  allowed  to  use  powder. 

1389.  Are  lerm  of  iron  adopted  llironghont 
Scotland  ? — Thei'e  is  one  colliery  in  particular  where 
thoy  do  use  those  levers  or  crowbars,  ae  they  term 
them,  and  after  *'  holing "  the  coid  above  they  get 
in  at  the  end  of  it,  and  inBert  a  lever  at  an  open 
"hack,"  and  in  that  way  turn  over  the  coal  very 

1390.  That  is  onlv  an  ordinary  crowbar,  I  believe  ? 
—Yes. 

1391.  Have  you  got  any  of  the  very  long  levers, 
such  as  you  sometimes  see  used  for  lifting  the  rails  on 
a  railway,  about  a  dozen  feet  or  four  or  five  yards  in 
length ;  immense  levers  for  lifting  up  the  whole  of 
the  coal  instead  of  blasting  it  ?— No;  bat  by  the 
long-wall  system  the  sftme  effect  is  produced.  The 
ovwiying  weight  ia  l^e  best  lever  that  you  can  use. 

(2.)  Coal  fboddced  pxb  voot  fxb  agxk. 

1392.  (Chairman.)  Have  you  any  evidence  to  give 
upon  the  coal  produced  per  foot  per  acre  ? — That 
would  be  a  matter  of  calculation. 

1393.  First  of  all,  when  it  is  clear  of  faults  and 
without  any  natural  difiiculties,  what  would  you  take 
as  the  average  quantity  obtained  per  foot  per  acre  ; 
not  in  any  particular  district,  but  generally  ? — I 
would  take  the  usual  calculation,  an  acre  one  foot 
thick  to  represent  a  weight  equal  to  1,452  tons. 

1394.  How -much  of  that  is  actually  obtained?— 
In  the  loQg.wall  system  the  whole  of  it,  by  care, 
might  be  obtained. 

1896.  {Sir  fyHliam  Amutrong.)  Practically,  how 
much  is  obtained  ?— I  find  that  the  proportion  of 
large  to  small  coal  in  long-wall  working  is  80  per 
cent,  of  round  coal,  and  hy  the  stoop-and-room  70  per 
cent. 

1396.  What  is  the  mesh  above  which  you  call  it 
large  coal  ? — We  take  a  riddle  an  inch  square  in  the 
mesh,  or  a  screen  with  bars  about  an  inch  apar^  and 
what  passes  through  is  small  coal. 

139^.  Is  any  of  the  small  coal  stowed  in  the  work- 
ings in  any  pai't  of  Scotland  ? — Yes. 

1398.  To  what  extent  ?— I  find  it  greatest  in  Ayr- 
shire, where  there  is  no  consumption  for  it. 

1399. 1  suppose  that  they  do  not  pay  royalties  by 
the  foot  per  acre  ? — No. 

1400.  And  the  landlord  would  suffer  where  the 
small  coal  is  loft  behind  ? — Both  luidlord  and  tenuit 
would  sn%r.  In  Ayrshire  I  estimate  that  abont 
half  a  million  tons  of  dross  per  annum  is  stowed 
away  in  the  rnine^  where  there  is  no  consumption  or 
market  for  it. 

1401.  In  the  Lanarkdiire  collieries  it  is  a  lighter 
Cj^antity  ? — ^Yes. 

1402.  {Chairman.)  What  would  it  form,  do  you 
suppose,  over  the  whole  of  Scotland  ? — I  think  it  is 
principidly  in  Ayrshire  where  this  loss  is. 

1403.  {Mr.  Geddes.)  There  are  no  manufactories 
in  Ayrehire,  whereos  Lanarkshire  is  full  of  manufac- 
tories, whicik  creates  a  demand  for  the  dross  ? — Yes  ; 
and  the  same  applies  to  the  collieries  in  Ayrshire 
which  belong  to  iron  companies ;  they  require  the 
dross,  and  put  it  out.  I  cannot  give  a  satis&ctory 
answer  to  the  question  as  to  the  amount  over  the  whole 
of  Scotland. 

If^.  {Chairman.)  In  many  parts  of  the  district 
the  coal  is  much  dislocated  by  nnlts,  is  it  not  ? — Yes. 

140o.  To  what  extent  would  the  coal '  be  damaged 
and  destroyed? — I  estimate  that  about  -^th  is  da- 
maged from  faults. 

1406.  Then  here  and  there  you  will  find  a  place 
where  they  will  leave  the  cool  on  account  of  the  bad 
roof,  and  there  would  be  some  loss  in  consequence  ? — 
I  have  put  it  down  at  -^th  for  faults,  and  being  left' 
behind,  as  you  say,  from  bad  roo&. 
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1407.  Here  and  there  yon  will  find  that  the  earth       C  49 
will  thicken  between  the  seams,  and  the  coal  will  get  W.  AhxMdtr, 
too  great  a  distance  to  be  worked  with  the  bed  with 

which  it  was  elsewhere  associated,  and,  perha^  a  thin  j  ^  jiihrTsse. 
bed  like  that  will  pass  off  and  be  lost  ?■<— Thinking  of 
the  case  which  I  gave  you  of  the  opeulng  up  of  those 
old  works,  I  do  not  think  it  is  lost.   I  would  not  call 
it  lost 

1408.  You  think  that  it  may  be  returned  to  again  ? 
— Yes,  I  tiiink  so ;  the  same  as  in  many  thin  seams 
which  are  at  present  not  worked. 

1409.  Do  you  find  any  marginal  note  made  on  the 
maps  to  indicate  that  any  particular  seam  is  passed 
over,  and  is  not  being  worked  with  the  lower  bed  ? — 
No.  Here  is  a  general  section,  generally  known 
throughout  the  county,  and  the  seams  are  nearly  all 
named.  I  have  no  doubt  that  tiie  seams  that  are  not 
worked  are  perftctly  well  known.  Most  of  those  smat 
seams  {referring  to  general  section)  are  not  worked, 
but  they  can  be  taken  up  at  any  time. 

1410.  Where  two  or  three  wds  form  one  seam,  and 
one  of  tiiem  becomes  so  much  detached  from  fiie  others 
as  to  become  unworkabl*^  the  others  still  retain  the 
name,  and  yet  the  portion  which  has  becomo  detached 
is  not  worked,  is  there  any  record  kept  so  as  to  diow 
hereafter  that  the  coal  is  left  in  the  ground  ?— Nothing 
but  the  traditionary  record,  which  'is  pretty  good  in 
the  district,  and  whenever  cool  begins  to  set  scarce,  I 
have  no  duubt  there  will  be  very  little  loss  in  that 
way ;  at  least  I  think  not. 

1411.  Then  is  there  any  part  of  any  o;f  the  seams 
that  is  left  in  consequence  of  being  of  a  kind  not  in 
demand  in  the  market  ? — I  referred  just  now  to  the 
small  coal,  and  I  said  that  in  the  part  of  Ayrshire 
where  it  was  left  in,  there  is  no  demand  for  it. 

1412.  But  no  coal  that  is  really  of  value,  if  it  hap- 
pens to  be  in  the  neighboui'hood  of  a  market,  is  Jeft  in 
consequence  of  that  ?— Very  little.  I  only  know  one 
pit  at  New  Cumnock,  where  a  part  of  the  seam  is  left 
in.  It  is  known  aa  a  gas  coal  seam,  three  to  four  feet 
tMck,  and  there  is  18  inches  of  house  coal  with  it,  but 
there  is  no  nuvket  for  the  house  coal  in  the  district. 

1413.  Do  you  meet  with  many  instances  where 
barriers  have  to  be  left  against  water  ? — I  do  not  con- 
sider them  as  lost.  As  soon  as  the  lower  sinkings  are 
made  those  are  generally  taken  out. 

1414.  And  where  they  work  under  a  river  the  coal 
will  have  to  be  left,  will  it  no^  for  the  support,  in 
some  instances,  of  the  river  ? — ^Yes,  if  the  working  is 
very  near  the  surface,  but  in  long  wall  at  50  fathoms 
deep,  unless  the  body  of  water  is  great.  I  do  not  tliink 
that  a  barrier  is  of  ^ery  great  consequence. 

1415.  And  practically  it  is  nil  cleared  out  ?—! 
think  so. 

1416.  {Mr.  Gtdde$.)  May  not  those  barriers  be  too 
for  distant  from  the  shad^  to  be  worth  working  ? — Not 
after  the  coal  gets  a  little  more  valuable. 

1417.  {Sir  William  Armstrong.)  The  object  of  this 
inquiry  is  to  know  how  long  we  can  go  on  as  we  are 
in  our  present  &vourable  condition,  and  what  we  are 
to  do  when  we  come  under  the  pressure  of  scarcity, 
and  so  on ;  do  you  think  that  any  of  this  coal  could  be 
got  out  hereafter  ?— Any  barriers  that  I  kuow  of  might 
be  taken  out  with  very  little  disadvantage. 

1418.  Referring  to  your  plan,  No;  1,  showing  the 
stoop  and  room  system,  which  you  say  is  the  oldest  in 
Scotland,  I  presume  that  a  large  portion  of  the  coal 
has  already  been  worked  upon  this  principle  ?—  A 
great  deal  of  the  easily  got  coal,  that  is,  coal  lying  near 
to  the  surface,  has  been  worked  upon  Uiat  system. 

1419.  There  seems  to  be  a  little  ambiguity  as  to 
whether  we  are  to  consider  that  coni  which  has  been 
left  upon  this  system  of  working  as  really  coal  lost  or 
not.  In  the  first  instancy  you  described  this  as  being 
a  system  of  wwki^g  in  which  the  pillars  were  not 
intended  to  be  removed  ? — ^Yes. 

1420.  If  not  intended  to  be  removed,  one  would 
naturally  suppose  that  they  were  intended  to  be  lost  % 
but  on  Uie  other  hand  you  have  adduced  an  instance 
in  which  the  coal  that  was  left  actually  was  recovered 
after  having  been  worked  upon  this  principle.— Yee, 
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1421.  Practicf^y  Bpeakiitgj  ii  it  ibe  goieral  eiistom 


16  Jnly  1868.         thdse  old  woifcs  may  be  good  lirtc»  wben  boal  gets 
a  little  more  oostfy. 

1422.  Would  yon  ecmrido-  -that,  iirtiea  these  are 
gime  into,  Oiose  pillars  Trill  be  considerably  deteri- 
orated ?— They -w^ilL  .    i.  . 

1423.  From  exposure  as  w6U  as  feotii  crushing  ? — 
If  the  roof  has  fallen  dosMy  around  them  the  exposure 
is  not  BO  much)  but  the  pillars^  particularly  at  the 
outside,  would  be  a  good  deal  crushed. 

1424.  At  the  present  day,  tod'at  the  present  prices 
and  under  the  present  demand  fOr  coal,  could  those 
pillars  be  advantt^eously  worked,  as  a  rule  think 
the  best  answer  to  that  is  that  are  Ibey  not  worked. 
However,  I  do  not  thiuk  it  would  be  very  much  extra 
cost  to  work  them,  only  they  would  be  depreciated. 

1425.  Beferring  to  No.  2  plan,  this  is  a  plan  in 
which  the  pillarB  are  actually  removed  ;  And  therefore 
'the  only  detriment  in  this  case,  as  compared  with  the 
long  wall  system,  as  I  understand,  fs  that  there  is  a 
larger  proportion  of  small  produced  ? — ^Bnt  titere  is  a 
loss  by  that  system  ;  you  cannot  obtain  those  pillars 
altogether  ;  you  must  always  allow  foi"  a  certain  loss 
in  taking  out  the  pillars."  "We  frequently  find  that, 
when  finishing  a  stoop,  part  of  the  roOf  fells  suddenly, 
and  a  portion  of  the  coal  is  lost.  I  would  say  that 
one-ninth  in  some  of  the  seams,  or  from  10  to  15  per 
cent.,  is  lost  by  that  mdde  of  working.  ' ' 

1426.  While  by  the  long  wall  system  you  would  get 
all,  by  this  system  you  lose  9  or  10  per  cent.? — Yes,  I 
ftink  you  may  safely  take  it  at  10  per  cent. 

142T.  In  fact  hoth  those  systems  of  working — for 
the  pillar  and  stall  and  tiie  stoop  taid  room  are  both 
tiie  same  Bystemft^-are  vaateftil  s^tbus  of  w<^king  7— 
Decidedly. 

1428.  Therefore,  m  a  national  point  of  view,  of 
course  it  is  desirable  that  they  should  be  put  an  end 
to  ?— No  doubt  of  it.    .  . 

1429.  Would  there  be  any  great  hardship  involved 
ill  making  it  obligatory  upon  owners  and  lessees  of 
coal  to  work  upon  the  long  wall  System  ? — The  whole 
of  the  ironstone  in  Scotland  is  worked  by  the  long 
wall  system,  and  55  per  cent,  of  ^e  coal  ;  and  I  think 
there  would  be  no  hardship  in  making  the  other  45 
per  cent,  comply  with  the  siune  regulation-;  ahd  if  the 
Legislature  were  to  make  it  obligatory  that  they  should 
work  it  by  the  long  wall,  I  think  it  would  be  a  very 
sensible  thing.  The  long  Wall  system  is  rapidly 
coming  into  practice,  independently  of  any  pressure. 
Landlords  are  now  beginning  to  be  a  litde  more 
Bcrapnloas,  and  in  &ct  many  (>f  them  are  making 
leas«  now  np<m  the  terms  that  the  *ystem  of -wcn^iing 

-  shall  be  to  form  &om  large  pillars,  wi^  a  view  to 
taking  them  out,  or  by  long  wall,  not  leaving  it  to 
their  option. 

1430.  What  is  the  inducement  to  persevere  in  this 
vicious  system  of  working  ? — I  believe  it  to  be  the 
cheapest. 

1431.  If  landloi'ds  and  lessees  are  left  to  their  own 
interests,  this  system  will  be  more  or  less  continued  on 
account  of  its  cheapness  ? — Yes.  The  colliery  tenant 
has  no  particular  interest  in  economlziog  the  mineral 
field,  and  the  cheapest  system  is  the  one  that  suits 
him  best ;  and  if  he  finds  as  much  coal  as  will  enable 
him  to  work  daring  his  lease  upon  any  system,  it  is 
but  human  nature  to  suppose  that  he  will  adopt  the 
system  by  which  he  can  make  the  greatest  profit. 

-  1432.  At  aSi  events  it  would  not  inflict  mnch  loss 
upon  tiie  lessees  to  render  it  obligatory  that  the  mines 
shall  be  worked  upon  the  Icmg  wul  system-  ?-— If  every 
one  was  bound  to  do  it  there  could  be  no  hardship, 
I  think. 

1433.  And  by  so  doing  a  saving  of  coal  of  fiilly 
10  per  cent,  would  be  effected? — Yes,  at  the 'very 
least ;  that  10  per  cent,  that  I  refer  to  as  lost ;  and 
over  and  above  that,  there  is  a  good  deal  more'  dross 
'  made  1^  the  system  of  working,  which  ib  Another 
■toss.  ■  ■ 


1434.  There  Is  ui  absilnttBrloss  'of  t5'p^  OBDt;,  and 
the  deterioration  besides  it^  the  pxio^uitloii'of  « Isigar 
quantity  of  small  coal?— Yes.  ' 

'^1435.  You  mentioned  just  now  an  instaooe  of  a  coal 
seam  «lly  7  inchcis  tMtt  fcsbig  worked  ?— Tm,  that 
is  an  extreme  ease. 

What  tna-  thtf  Indocement  to  work  it  ? — It 
was'ftMdthycoal;  fOid  wdd  at  a  high  price  fin*  the 
Glasgow  market;  It  was  a  small  affiur;  but  I  cmly 
notiijed  itas  an  extreme'case.  ' 
"  1437.  How  much  deads  would  have  to  be  removed 
for  the  purpose  of  working?^!  think  in  tadur  to  give 
a  man  18  inches  to  work  in  they  take  down  11  inches 
of"  stufT. '  •  ' 

1437a.  That  is  to  say,  for  every  7  inches  Qf  c<»I 
work  they  would  have  to  Work  11  inches  of  rabbish  ? 
-^They  would  have  to  take  down  1 1  indie's  of  rub- 
bish and  stow  it  behind  them. 

1438.  Then  it  is  practicable  to  work  a  seam  in  a 
width  of  18  inches? — Yes;  inlhegeam^  section  1 
have  taken  notice  of  all  seams  of  8-  and  10  ittehea 
thick  because  J  think  those  u«  all  workable  $  it  is  prac- 
ticable to  work  in  a  width  of  18  inches  and  leas  than 
18  inohes.  I  saw  Uiem  woridag  in  aome  parts  in  Beas 
than  18  inches. 

1439.  Are  the  wages  paid  to  the  men  higher  when 
they  have  to  work  in  suchaQarrow^iace'? — Of  course 
the  cost  per  ton  must  be  a  great  deal'more  ;  you  ciannot 
expect  it  to  be  worked  at  the  same  rate  as  a  seam  of 
six  feet 

1440.  Those  thm  seams  can  only  be  worked  at  a 
much  greater  cost  per  ton  ?— IJo  doubt  of  it.    .    "  ' 

1441.  Then  unless  there  is  some  special  quilhy  it 
would  not  be  practicable  at  present  to,  woric  thin 
seams  ?— Not  it  all.  '     •  . 

1442.  Where  there  is  ho  facial  quality  it  rah  aaij 
be  done  at  a  profit  when  the  price  of  coal  iSLViei^  T^^uch 
beyond  wfaai  it  is  at  present? — Jnst  so.  '  ' 

1443.  {Chairman.)  Will  you  state  what  wpold  be 
the  quantity  of  coal  hsed  fdi*'  colliei^  con'^iunption 
throughout  Scotland  ? — Five  per  cent,  of  tii'e  quantity 
got  is  used  for  colliery  consumption,  that, is  tp  say, 
for  dn^ne  and  pit  fires.  ' 

(3.)  Tia  Obdeb,of  wobk^to  Sbahs. 

1444.  {Chairmtm.)  Do  you  find  any  order  observed 
in  working  the  seams  throughout  any  part  of  Scot- 
land ?— I  thitik  not.  ■  There  is  a  right  and  a  wVong 
way,  but  I  belibve  that  the'  seatns  which  are  most 
profitable  are  worked  first. 

1445.  I  suppose  generally,  owing  to'  the  upper 
seams  being  reabhed  first,  the  upper  seams  would  to 
some  ezetnt  be  worked' before  the  lower,  if  of  similar 
qdaKty? — From  this  section  (general  seetion)  it  would 
bot'  appear  that  the  first  seams  are  alwia^s  worked 

'  first. 

1446.  I  presume  that  they  work  those  first'  which 
are  most  profitable  and  most  in  demand  at  the  time  ? 
—Yes,  and  without  r^ard  to  what  itajurj  sikeh  inA 
will  occasion  to  other  seams. 

1447.  What  will  that  irijury  be,  do  you  suppose  ; 
may  it  not  be  considerable  ? — By  pillar  working,  where 
the  pillars  are  partly  taken  out  and  a  partial  SuppcN-t 
left,  it  causes'  unevenness  in  the  coals  by  breaking 
them,  and  there'  must  be  a  considerate  injury';  bni  by 
the  Ibng  wall  system  I  do  not  think  there  is  any  in- 
jury, at  least  very  little. 

1448.  Where  property  is  leased  have  the  lessees 
generally  been  allowed  to'WOTk  what  seams  ^ey  may 
think  fit  ? — Hitherto  that  hafi  been  sa 

'  1449.  Does  the  landlord  exercise  no  control  as  to 
'What  seams  shall  be  worked? — He  generally^^nes 
that  they  shall  be  worked  by  stoop  and  room  or  long 
wall,  leaving  it  in'  it&e  option  of  the  lessee'tp  adopt 
which  of  them  he  chooses,  but  whichever  he  chooses 
he  is  bound  to  carry  it  out  ih  a  workmanKke  way, 

1450.  But  not'  fepecffyirig  What  particular  seams  he 
.  Shan  work  ?— No.      '■      ^  • 

-  HSl.  Ohly  ^tecting  himself  of  course  by  ^e  osnal 
fixed  rent  and  the  rt^ties  iip<m  the  tititi  fok^Tes. 
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1453?^  A  tod^^t  ii^m^We  .MJh»  royaltieB  . 
payable  upon  the  coal? — Tes.  ^fie  l^sae.e  is  gene- 
raUy  bound  to^  carry  Qut  .whatever  system  he  adopts 
in  a  practical  way,  and  a  mining  eng^°^  usually 
named  ,to'  see  that  the  terms,  of  the  lease  are  ob< 
served. " 

,1453.  How  is  it  . decided  what  seams  are  workable 
and  what  are  not  workable  ;  supposing-  that  the  tenant 
says  that  all  his  seams  are  not  workable  at  a  profit, 
bow  u  that  decided  ?— I  do  not  know  that  thei-e  is 
any  way  of  deeding  it ;  but  If  it  was  so.  stated  that 
whatever  seam  yon  work  you  shall  work  it  long  wall 
there  could  be  no  nustake  then,  and  you  might  allow 
a  man  to  work  whichever  seam  he  chose.  I  do  not 
think,  that  it  would  matter  very  much  what  seam 
was  worked  first. 

1454.  Bnt  supposing  that  He  wished  to  give  up  his 
lease  and  said  that  the  colliery  could  not  be  worked 
at  a  profit^  is  there  not  something  in  the  common 
law  of  Scotland  whic^  enables  a  lessee  to  get  rid  of 
his  leaso  If  what  Is  called  the  corpus  falls,  or  fails 
to  be  worked  at  a  profit  ? — Yes,  there  is  usually  a 
clause  in  ouv  leaser  to.  that  effect,  that  the  tenant  is 
to  show'^to  the  satisfaction  of  an  arbiter  that  the 
colliery  cannot  be  worked  at  a  j>i:ofit,  and  If  he 
shows  that  it  cannot  bie'worked  at  a  proflt  he  generally 
gets  quit  of  it,  but  it  is  often  very  difficult  to  satisfy 
an  arbiter. 

1455.  Does  he  get  quit  of  the  fixed  rent  ?^He 
gets  quit  of  the  lease  altogether  if  he  makes  an  ap- 
plication in  that  -way.    Leases  generally  carnr  a  . 
clause  to  the  effect  that  when  the  seams  shall,  from 

thinness  or  other  causes,  become  unworkable  at  a 
profit  accordmg  to  the  opinion  of  engineers  tame^, 
their  decision  shall  free  tqe.  losses .  if  he  proves  ma 
case. 

145€.  May  not  the  sheriif  nominate  an  arbiter  if 
the  paitles  fail  to  agree  between  themselves  ? — ^I^  do 
not  recollect  of  such  a  case,  but  I  think  that  com- 
mon law  would  protect  a  tenant  under  such  condi- 
tions.' ,         '  .  " 

1457.  iMr.,Geddes.)  Are  you  aware  that,  in  lieu 
of  that  clause,  now  tenants  are  very  muoh  insisting 
upon  what  is  called  a  break-ctf-tenn  period? — ^Y^es, 
audi  think  it  is  a  very  juel  thing,  or  to  p^-  a  year'»- 
rent  and  be  miit.-  I  have  granted  a  lease  <a  that 
kind  myself,  Ifo  tenant  will  abandon  -a  field  nnleM 
he  is  losing. 

1458.  (chairman.)  So  that  that  would  get  rid  of 
leaving  it  to  be  a  question  to  be  judged  of  by  the 
arbiters  ?— Tes ;  and  it  would  be  «  much  better 
mode. 

1459.  {Sir  William  Armttrong,)  Which  are  the 
most  important  seams  in  the  district — take  any  one 
you  like  ?-^The  seams  in  the  vpper  division,  10  iuobes 
and  upwards.  In.  thickness,  range  from  10  to  21 
in  number,  and  the  averi^  thickw^  of  -  coal  is  37 
feet.. 

146Q.  In  your  section  there,  are  aome  seams  of 
conHderable  thiduiesa,  and  I  want  to  know  to  which 
of  them  you  attach  the  greatest  valu^  because  it 
always  happens  in  a  district  that  there  are  certain 
pa^cular  seams  which  are  the  important  ones,  and 
the  rest  are  of  secondary  Importance  ?—Suppo8e  you . 
take  the  Hurleford  section  ;  the  two  maia  seams  wh 
the  "  Mftjpr  "  and  the  "  Main  "  coal. 

1461.  Take  the  New  Cumnock;  which  are  the 
principal  seams  there  ? — The  f  Upper  gas  "  and  the 

Lower  gas  "  seams,  and  the  six-feet  coaL 

1462<  Ifow  we  come  to  the  Lugai;;  how.  many 
have  you  there  .that  are  heUg  wc^ked  vnow?— The - 
mai^  coal  of  common  and^  the -upper  wid  -ioww 
" Maid "  coals.  i 

1463a  In  the  Irvina  ^st^et  lv>w  many  have  yon  ? 
— ThflK  is  the  <<McN«nghV!  the  "Tonrfaai"  the 
"MajoC  the  "Jfiv©  .(Wiartar,**  the' "EaiTot,^'  the- 
"  Turf,  "  I^t-uu^  a^  thR.  BAaD|«.^Miin 
<haL«^ti9ii^  wo^d  nmrly  every  .QOlHery  -ia. 
which  they  are  found  in  tiiat  diptoct*  in  it  -.  ,  -i  '  "=! 
-..1.4^i~^hep,.i(L^int  of  fitot^is  ,^e  whole  efl  the 
sgaatq, jn  Ihtit^ftfiotioa.worlsfld,  -  w'^"  the ; ^XQ^tiop.  of. 


the  1 0-inch  seam  and  ,the  stone  ?^T^B  j  but  stone 

is  sometimes  worked.'  -  ■  ■      -  - 

1465.  Now  give  us  the  Stevenston ;  which  are  the 
principal  seams  there  ? — The  Five  quarter,  the 
Parrot,  the  Turf,  the  Wee,  and  the  Main. 

1466. "  When  those  seams  are  exhausted  will  the. 
supply  of  coal  be  as  plentiful  and  as  good  ? — Hiey 
have  just  those  seams  to  fail  back  upon  that  you  see 
upon  like  •  section  and  which  you  have  not  marked 
off  ■ 

1467.  Will  those  seams  be  worked  at  the  same 
price  P — Some  of  them  will ;  at  present  they  do  not 
compare  in  quaUty.  The  cost  or  working  might  be 
much  the  same. 

1468.  But  when  those  important  seanuf  are  ex- 
hausted yon  will  be  obliged  to  resort  to  the  inferior 
quality  ? — Tes  ;  and  some  of  them  are  more  costly  to 
work. 

1469.  At  the  {absent  prices  do  you  consider  that 
with  the  exception  of  the  seams  that  you  have  men- 
tioned here  they  could  be  worked  to  advantage  ? — I 
think  some  of  them  might  be  worked  just  as  cheaply, 
only  it  is  a  question  of  quality.  You  may  iake  It  as 
a  test  that  the  seams  which  are  worked  are  the  best 
In  quality  or  the  most  cheaply  worked — either  the  one 
or  the  other. 

1470.  The  fact  Is  that  the  seams  which  we  have 
not  marked  off  can  only  be  worked  advuitageously 
when  the  time  arrives  at  which  the  price  shall  be 
higher  and  the  supply  of  superior  coal  will  be  ex- 
hausted ? — Exactly  ;  not  so  much  that  the  price  of 
some  of  them  would  be  higher,  because  some  of  them 
could  be  worked  as  cheaply ;  but  it  is  the  quality 
that  keeps  them  from  being  worked. 

1471.  Then  we  may  say  that  they  will  be  worked 
when  the  time  has  arrived  at  which  we  shall  have  to 
be  content  with  inferior  coal  ?— Yes  ;  some  of  those 
seams  may  be  worked  as  chei^ly  as  those  which  are 
worked  at  present,  but  the  10-inch  seams  cannot. 

1472.  '  Then  there  can  be  no  certainty  wheUier 
those  other  seams  will  be  worked  or  will  not,  because 
it  depends  altogether  upon  the  conditions  for  the  time 
being  ? — Just  so. 

1473.  (i/r.  Geddeg.)  There  is  the  iiirther  qnalifica- 
ti(Hi|  is  there-  not,  that  in  certain  districts  that  thin 
coal,  which  is  called  10-inch,  a  little  further  off  may 
be  better  coal  and  improve  In  quality  ? — Yes,  those 
changes,  do  happen.  Yon  have  a  very  good  illnstra- 
tion  in  that  field  (referring  to  Murlford),  because  these 
are  all  the  same  seams.  You  can  trace  one  seam,  the 
main  of  Hurlford,  within  a  mile,  split  up  into  three. 

1474.  (Sir  William  Armstrong.)  Perhaps  the  only 
point  which  bears  atrongly  upon  the  present  Inquiiy 
is  whether  by  working  t^ose  important  seams  as  you 
ase  doing  yon  are  Injuring  and  thereby  increasing  the 
probability  of  the  out-put  of  those  seams  being 
wasted  ?— I  thiak  if  kmg  wall  was  practised  in  these 
seaips,  those  1^  behind  ,  would  not  be  much  de- 
preciated.     '  ' 

1475.  Then  that  is  au  adtUtienal  reascm  for  making 
Uie  long  wall  system  <^ligatory  ?-^I>ecidedly. 

1476.  Because  it  tenda  to  the  conservatiui  tiS  the 
seams  that  are  not  at  prenent  being  worked  ? — Quite 
so.    .  .  - 

(4.)  Coal  left  fok  Scbtage  Sotoet. 

1477.  (Chairman.)  In  the  quantities  and  propor- 
tions that  you  have  given  of  the  coal  produced  per 
foot  per  acre,  tibat  Is  where  the  ground  was  not  cnt  up 
^  faulti^  or  ooiaJB  left  on.  account  of  the  earth  b&- 
tweeo,.  or  on  account .  of  anj  bad  coal  that  has  been 
stowed  behind  In  worklpg,  such  as  .you  have  spoken  of  ^ 
at  New  Cumoock  as  being  unsaleable  at  present,  or  for  ^ 
any.barriers'against  water  or  for  any  ottier  purpose  ? 
—It  waa  withoqt  reieren^  to  those  things  which  you., 
have-enumerat^.  ..  . 

'l478.  In.additioii  to  wh^kt  thave  ^eclfied  you  will. 
oef)ftSM)naUy.  meet  with  eaaea,  'WiU,  you  not,  where  a' 
prppqrUoa  has  to  be,]eft  iof  the  import  of  buildinga^ 
^  o(}  the  sor&ce  ?-^XeB,  .   ;  •.  . 


0  51 

■  Eaq. 
16  July  ie«8.- 
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ON  WASTE  IN  WOBXINa. 


16  Joiy  186S. 


C  52  1479.  At  greater  depths  do  yon  require  a  mater 

W.  Ai^amder,  proportion  to  be  left  tiiMi  at  shallow  depths  ?— les. 
^  "  1480.  Forming  a  sort  of  pTminid  to  support  the 

8ur&ce  ? — ^Yes,  exacUj  so. 

1481.  Have  you  had  any  means  of  observing  what 
the  proportions  of  coal  are  that  are  left  at  the  respec- 
tive depths? — ^Much  depends  upon  the  nature  of  the 
roof,  and  if  more  than  one  seam  is  worked.  I  do  not 
know  that  any  general  rule  can  be  laid  down.  I 
would  be  guided  very  much  by  circumstances,  and 
perhaps  each  case  might  admit  of  some  little  modifica- 
tion. For  the  support  of  a  shaft  or  building  I  never 
found  that  an  allowance  of  a  yard  to  the  &t]iom  was 
insufficient. 

1482.  Is  that  whei-e  the  coal  is  lying  level  ?— That 
is  under  the  Inclinationa  which  I  have  given  in  my 
evidence,  which  I  take  as  1  in  6  or  1  in  8. 

1483.  But  where  the  coal  is  lying  at  an  inclination 
which  would  draw  the  surface  much  fui-thei'  to  the 
deep  than  it  would  to  the  rise,  have  you  obs^ed  a 
difference? — We  have  veiy  little  steep  coal  in  the 
west  of  Scotland.    I  canoot  state  the  diiference. 

1484.  But  there  would  be  a  difference,  I  suppose  ? 
—No  donbt  of  it. 

1485.  At  the  depth  of  100  fathoms,  where  you  say 
that  it  would  draw  the  surface  to  about  50  fathoms 
beyond  the  workings,  is  that  applied  to  the  lower 
course  ? — I  apply  it  as  a  safe  limit  in  any  direction. 
Take  an  ar«a  on  the  surface  equal  to  an  acre  at  100 
fathoms  deep,  if  you  put  100  yards  margin  round  It 
yon  secure  that  acre. 

1466.  That  being  si^e  fw  property  on  the  deep, 
there  would  be  a  surplus  security  for  properly  either 
on  the  levd  course  direction  or  on  the  rise  direction  ? 
— ^Tes,  on  securing  buildings.  There  is  a  good  deal 
of  managfflnent  in  securing  buildings  upon  the  sur- 
face. For  example,  in  long  wall  working,  if  yon 
hurry  the  workings  underneath  a  buildiog,  it  will  be 
less  injured  than  if  you  were  to  extend  the  workings 
slowly.  Then,  agmn,  we  have  a  very  good  illustra- 
tion at  Glasgow,  where  Mr.  Dixon  is  so  much 
troubled  by  buildings  around  his  colliery.  To  pro- 
tect the  buildings  while  working  under  them  he  bolts 
the  walls  togetlier;  he  uses  long  bolts  through  the 
buildings,  and  ties  the  wall^  together,  and  hurries  the 
workings  under  them,  and  in  this  way  the  buildiogs 
are  less  injured  than  they  would  otherwise  be. 

1487.  And  that  is  found  to  answer  well  in  Scot- 
land ? — ^That  is  practised  at  that  particular  cdliery 
with  good  results.  Of  coarse  the  whole  coal  cannot 
be  taken  out  without  injury  to  the  surftce. 

1488.  So  that  by  bolting  the  houses  together  until 
tiie  ground  has  become  settled,  you  actually  ti&e  out 
the  whole  of  the  coal  fmai  undf^eath  the  buildings, 
and  then,  ultimately,  when  the  surface  has  become 
settled,  the  bolts  may  be  removed  and  the  property 
very  little  damaged  ? — The  buildings  would,  to  a 
certain  extent,  be  iigured.  At  great  depths  the 
quantity  of  coal  required  to  secm-e  buildings  upon  the 
surface  would  be  very  -great ;  but  it  resolves  itself 
into  a  question  of  pounds  and  shillings — the  value  of 
the  surface  as  compared  with  the  coal.  The  best  way 
to  secure  buildings  upon  the  surface  when  working 
under  them  (by  long  widl)  is  to  press  forward  the 
operations,  say  at  the  rate  of  three  or  fbur  shifts  in 
the  twenty-four  hours. 

1489.  So  that,  by  the  extenuon  of  that  system,  a 
great  deal  of  what  is  left  in  some  parts  of  ^e  county 
might  be  got,  and  the  surface  loweraS,  without  occa- 
sioning more  damage  than  the  loss  of  the  cotk  would 
amount  to  ? — There  is  no  comparison.  When  you 
get  to  a  great  depth  the  excess  of  coal  comes  to  he  a 
considerable  matter ;  you  are  increasing  those  bairiers 
every  fathom  you  descend. 

1 490.  Do  yon  think  that  that  is  a  subject  which 
requires  more  attention  to  be  directed  to  it  than  it  has 
as  yet  received  ? — Tes;  for  example,  at  100  yards,  to 
secure  an  acre  on  the  surface,  by  the  figures  that  I 
have  given,  you  would  require  to  leave  in  about  six 
acres  ;  at  200  yards  you  would  require  to  leave  in  14 
ftcrar  J  at  800  yards,  24  acres ;  at  400  yanb^  88  acres ; 


and  at  500  yards,  54  acres.  The  cost  increases 
rapidly  as  yon  descend. 

1491.  And  the  value  of  the  coal  which  would  have 
to  foe  left  would  become  very  much  greater  than  the 
value  in  the  property  to  be  spoiled  ? — ^Yes;  54  acres 
of  coal  6  feet  thick  is  very  important. 

1492.  And  it  may  be  not  only  one  seam,  but  any 
number  of  seams?— Yes ;  the  areas  proposed  to  be  left 
for  securing  buildings  upon  the  surface  do  not  apply- 
to  mills  or  buildings  containing  v^uable  machinery  ; 
in  such  cases  a  greater  support  would  be  required. 

1493.  Is  there  any  part  of  Scotland  where  you  find 
that  the  building  on  land  let  for  building  ground 
is  deferred  until  the  cdal  has  been  worked  out  from 
underneath  ;  has  that  subject  been  sufficiently  coDm^ 
dered  ? — It  is  considered  that  after  a  seam  by  Uie'long 
wall  system  has  been  worked  out  for,  say,  a  oouple 
of  ^ears,  that  the  surface  is  fit  for  buHding  j  my  own 
opinion  is  that,  after  the  long  wall  has  been  extended, 
that  is,  after  it  has  been  worked  for  one  year,  the 
collapse  is  nearly  complete,  and,  if  the  coUifMe  is 
compete,  then  it  ought  to  be  fit  for  building  upon. 
However,  two  years  is  perhaps  soon  enough. 

(5.)  General  Mattsbs. 

1494.  {Ckairman.)  Is  there,  in  any  part  of  the 
district  which  you  go  over,  any  custom  or  power  by 
which  small  properties  can  be  united  so  as  to  form  a 
sufficiently  large  property  to  form  a  working  colliery  ? 
— If  you  mean  that,  unless  they  unite,  it  would  not 
pay  to  sink  pits  upon  them,  under  such  conditions  the 
owners  are  generally  so  much  alive  to  their  own 
interest  that  they  arrange  to  let  their  lots  together, 
and  it  is  frequenuy  done  io  that  way. 

1495.  (Jl/r.  Geddes.}  Do  you  know  many  cases 
where  it  is  not  done  ;  or,  in  other  words,  would  you 
consider  it  expedient  and  desirable  that  proviaion 
should  be  made  in  some  way  or  other  for  such  cases 
as  that  where  properties  lie  side  by  side  ? — ^Yes,  cer- 
tainly; but  I  tbink  it  is  not  a  crying  evil,  because 
people  are  so  much  alive  to  their  own  interests  that 
they  generally  arrange  these  matters  themselves. 

1496.  (^C/tairman,)  Have  you  met  with  any 
instances  where  a  person  has  not  been  alive  to  his 
own  interest,  but  has  been  so  perverse  as  not  to  see 
what  it  really  was,  and  where  he  has  left  a  piece  of 
coal  isolated,  and  has  had  the  coal  worked  all  round 
about  him,  and  his  piece  of  coal  has  become  ulti- 
mately lost  ? — I  do  not  think  that  tfaeref  is  much  coal 
lost  in  that  way.  I  find  tliat  gentlonen  generally 
reserve  pleasure  grounds  around  their  houses,  either 
from  pits  or  workings.  That  is  a  very  usual  clause 
in  collieiy  leases. 

1497.  (Mr.  Geddes.)  This  question  would  have  a 
far  more  important  bearing  if  you  conceive  that,  in 
order  to  win  a  field  of  coal  of  100  acres,  you  have  a 
shaft  of  50,  80,  or  100  fathoms  to  sink,  and  that  that 
area  would  not  be  sufficient  to  compensate  a'  party  for 
sinking  such  a  shaft ;  whereas,  if  he  were  permitted  to 
join  the  property  of  the  adjoining  proprietors  on 
either  side  of  his,  and  take  the  same  seams  of  coal  oat 
of  thrae  other  properties,  the  question  would  nssame 
a  dilferent  result  ? — Yes  ;  that  would  be  so.  It  would 
be  very  desirable  to  have  the  power  to  force  one  who 
was  contentious  to  submit,  but  I  think  that^  as  a 
general  rul^  no  one  would  put  ^wn  a  pit  without 
having  secured  as  much  mineral  field  as  he  connd«ed 
would  be  likely  to  repay  him  for  his  outlay. 

1498.  {Ckttirman.)  Up  to  the  present  time  that  has 
to  be  solely  dealt  with  by  private  arrangement,  has  it 
not  ? — Solely  by  private  arrangement,  each  maa 
looking  after  his  own  interest. 

14^.  As  to  plans  of  the  workings,  do  you  fiad 
generally  that  good  plans  are  kept  of  the  present 
workings  ? — Generally  good  plans  are  kept. 

1500.  And  of  old  workings  also  that  have  been 
done  in  former  times,  going  bwk  50  at  100  years  ?— 1 
find  no  such  plans,  or  veiy  seldom. 

loOl.  Then  Uiere  may  he  large  pocds  of  dead  water 
standing  in  those  old  workings  of  wluch  the  oatOoe 
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is  not  accurately  known  ?— They  generally  come  to 
be  pretty  well  known  from  tradition  or  otherwise; 
the  wwkmen  also  get  alarmed,  and  that  leads  to 
precautionary  measures  being  introduced. 

1502.  From  what  you  see  as  to  what  is  going  en 
now,  what  meuis  are  taken  to  pranrTe  the  plans  of 
a  colliery  that  ceases  to  be  worked  ? — ^The  landlord 
generally  preserres  his  plan  ;  he  is  the  only  interested 
party.   I  do  not  knovr  of  any  other  interest 

1503.  Do  you  think  that  it  would  he  any  hardship 
if  a  copy  of  the  plan  of  a  colliery  which  has  ceased 
to  be  worked  were  deposited,  say  with  the  Inspector 
of  CorI  Mines  for  the  district  or  at  some  place  in  the 
district  ? — There  would  be  no  hardship  in  that. 

1504.  Might  there  not  be  much  good  attending  it  ? 
— It  would  prevent  the  risk  of  loss. 

1505.  You  have  desciibed  to  us  instances  where 
several  seams  are  being  worked  and  several  are  being 
left  behind  at  the  present  time,  and  it  is  known  in 
the  neighbourhood  what  coal  is  gone  and  what  cool  is 
left,  but  the  tradition  of  that  will  pasa  away  in  the 
course  of  200  w  300  years,  when  the  seams  that  are 
left  may  come  to  be  the  seams  that  are  wanted;  how  it 
it  to  be  ascertained  what  is  left ;  may  there  not  be 
very  much  useless  search  expended  ? — There  would 
be  a  loss  of  some  useless  search  in  the  absence  of 
plans. 

1506.  X^*"'  Geddes.)  Do  not  you  ^'mk  that  it 
would  he  a  very  expedient  arrangement  to  have  those 
plans  deposited  in  some  public  or  national  office,  or  in 
the  district;  for  example,  in  the  Register  Office  in  Edin- 
burgh or  the  Register  Office  in  G-lasgow;  would  not  it 
be  a  good  thing  to  have  those  documents  deposited 
there  as  each  coUiery  fell  in  ? — think  it  would  be 
very  deurable,  although  I  doubt  if  yon  could  rely 
upon  them  ftilly. 

1507.  (Chairman.)  Not  only  to  have  a  copy  of  the 
plan  but  a  section  of  ttie'strata  showing  what  seams 
had  been  worked  and  what  had  been  left  unworked  ? 
— In  that  case  it  would  be  necessary  to  place  a  section 
of  the  pit  upo^  every  colliery  plan. 

1508.  Woyld  not  that  be  a  very  valuable  additim  ? 
-^I  think  BO. 

1509.  In  the  district  of  which  you  are  speaking,  is 
it  not  the  fact  that  in  m^ny  portions  of  it  explora- 
tions have  been  made  by  borings  to  a  very  con- 
siderable extent,  and  that  tiiere  is  really  no  particular 
record  kept  of  those  bore  holes  uid  where  they  were 
situated  ? — I  think  landlords  generally  do  keep  them. 

1510.  Might  not  some  record  of  the  results  arrived 
at  by  borings  be  advantageously  kept  ? — It  would  save 
unnecessary  searcbings  afterwardsperhi^s ;  but,  speak- 
ing from  my  own  experience,  X  never  found  much 
value  attached  to  old  borings. 

1511.  In  speaking  of  the  quantity  of  coal  that  is  to 
be  left  for  the  support  of  surface  buildings,  yousfudthat 
you  thought  more  attention  might  be  given  to  bolting 
together  the  buildings  until  the  coal  had  been  worked 
out  from  underneati^  them  and  the  surface  became 
consolidated  ? — Tes,  in  addition  to  pushing  forward 
the  workings  while  being  worked  under  such  build- 
ings. 

1512.  You  said  something  also  with  respect  to 
mills,  and  probably  hydraulic  works,  where  it  is  more 
important  that  the  level  of  the^  surface  should  not 
be  altered;  in  those  instances  you  would  scarcely  trust 
to  bolt^  but  you  would  leave  coal  for  the  support  of 
the  sar&ce  ?— Yes  i  if  I  was  bound  to  secure  ttie  work 
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and  machinery,  I  would  not  trust  to  working  nnder- 
neadi  and  bolthig  it  together;  that  is  to  say,  if  I  did  AUxtrmj^r 
I  would  calculate  npim  having  to  pay  connderable     '  j^^*^* 
damage. 

1513.  Can  you  ofifer  any  suggestion  as  to  how  the  16  July  lus. 
great  loss  of  coal  which  takes  place  in  consequence  of 

having  to  support  those  mills  and  such  like  buildings 
on  the  surface  could  be  prevented  ? — ^It  is  apparent 
that  you  cannot  take  out  all  the  nofd  nncW  mu<h 
ei-ections  without  injuring  them,  but  in  veiy  many 
cases  I  suspect  that  the  ^ue  of  the  coal  left  would 
be  much  more  than  would  compensate  for  the  damage 
that  might  be  done  to  the  machinery,  but  the  stoppa^ 
of  a  large  mill  might  lead  to  so  much  litigation  that 
the  question  of  support  is  a  very  difficult  matter  for  a 
colliery  owner  to  deal  with. 

1514.  Do  you  think  that  it  would  be  inequitable  if 
some  control  were  exercised  over  the  placing  of  those 
mills  upon  coalfieldp,  as  to  the  position  in  which  they 
should  be  placed,  so  as  not  to  do  any  more  damage 
than  could  be  possibly  avoided  ? — The  only  way  that 
I  see  to  get  over  that  is  for  the  proprietor  to  be  so 
much  alive  to  his  own  interest  m  to  make  fltipulatioiis 
when  he  feus  the  ground  that  the  fbaar  shall  either 
allow  the  ctfal  to  be  worked,  or  pay  for  it  in  the  same 
way  railway  companies  do  at  t)ie  present  day;  when 
they  want  coal  to  be  left  for  the  purpose  of  anppwt- 
ing  their  worica  they  have  to  pay  for  it. 

1515.  That  is  under  tlie  "Lands  Clauses  Con- 
solidation Act,"  is  it  not? — Yes;  but  if  they  choose  to 
run  a  risk  by  reserving  too  little  coal,  if  ^eir  works 
get  damaged  they  have  to  put  them  to  right  again ;  and 
I  believe  if  in  such  cases  millowners  had  to  pay  for 
reserved  coal  the  difficulty  would  be  yerj  much  sim- 
plified. 

1516.  As  a  rule  do  railway  companies  purchase 
the  coal  ?— They  do  not  always.  I  know  one  case  just 
now  where  there  is  aperaon  working  a  very  few  fathoms 
from  the  surface ;  he  is.  teeing  out  a  seam  (tf  lime  firom 
under  a  main  line^  and  every  train  on  paadng  haa  to 
be  brought  nearly  to  a  stand-still ;  the  subsidence  is 
irregular,  and  requires  constant  attention  ;  it  is  a 
dangerous  experiment  on  the  part  of  the  railway  com- 
pany. 

1517.  But  the  Act  of  Parliament  requires  coal  to 
be  worked  in  a  workmanlike  manner,  and  therefon  he 
most  not  do  unnecessary  damage  No.  He  is  taking 
out  the  pilhur,  I  fmaome,  aocoroing  to  the  usual  mode 
of  working. 

1518.  Notwithstanding  that  the  railway  company 
does  not  purchase  the  coal,  the  whole  of  the  minerals 
will  be  worked  and  the  surface  will  be  ultimately 
restored  on  a  lower  level  ?— They  require  to  keep  op 
the  level  of  the  railway,  but  as  he  lets  it  down  they 
have  a  band  of  meli  wailii^f  for  to  raise  it.  It  is  a 
matter  of  contenti<m  between  them ;  but  where  a  rml- 
way  company  have  bridges  and  valuable  works  to 
maintain,  they  then  do  pay  for  the  material  required 
for  their  support,  and  I  think  that  mills  and  other 
such  works  might  properly  go  under  that  r^^ulation  ; 
uid  I  think  ^at  landlords  ought  to  be  sufficiently 
alive  to  their  interests  in  making  those  feu  contracts 
so  as  to  shift  the  responsibility  upon  the  feuholder, 
who  is  the  proper  person,  iost^  of  leaving  it  with 
his  colliery  tenant  uid  himself. 

1519.  I  suppose  in  going  to  di^rent  collieries,  as 
you  d<^  you  not  unfrequently  see  instantes  where 
they  mi^t  have  been  more  idive  to  their  interest  in 
that  reapect  tiian  they  have  been  ? — Ye^  occadtmally. 


The  witness  withdrew. 
A^ouzned  to  Thursday,  15th  October. 
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0,^m  MeeHmg,  FebruOsry  lOti^  1869.  . 

.  .     .  present: 

1.,  Me.  DlCKlKSdN  (in  the  chair) ;  2.  SIr.  GIeddes  ;  3.  Mn  'WooDHOUflE  ;  4.  Mr.  Hunt. 

The  following  gentlemen  were  also  present  to  give  eridenoe : 

5.  Si^  For&T£R;  6.  Mb.  Cbaiq  ;  7.  Mb.  Cottingham. 

SS^nuU  1.  The  Minutes  of  last  meeting  were  read  and  ngned.  It  was  explained  that  Uie 
meeting  Qxed  for  the  1 5th  October  was  not  lield  because  otJier  CibmuutteeB  postpozied  thdr  me^ 
ings  for  reasons  explained  by  them. 

Minvaie  2.  IHie  Secretary  was  desired  to  hare  the  evideaoce  mftde  up  into'  doable  oolunms.  71k 

Secretary  aceordingly  sent  to  Mr.  Mariimatt  nnd  to  Mr.  Dickinson  on  the  following  day  a  lot  of 
drawing  and  woodcuts  wiiich  have  to  be  placed,  and  when  he  has  instructions  he  will  give  notice 
tQ  the  jointers  uccordingly. 
0  ^Fhe  X^kmuniMee  then  took  evidence  as  follows : — 
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'        -Geobok  Bakkb  Fobsteb,  Eequire,  M<A.» 

Syiiejpi^fif  Working^  . 

1520.  {Chairman.)  Ygu  are  a  mining  eDgineer 
practasiiig  in  different  parts  of  Uie  kiogdom,  but  resi- 
dent in  Northumberland  ?— Yes. 
-  1521.  At  Backworth  ?— Yea. 

1522.  You  have  the  management  of  ooUieries  in 
that  nei^boarhood  ? — Yes,  in  the  neighboorhood  of 
Blytb. 

1528.  1  believe  that  you  also  assist -your  father, 
mbo  18  the  principal  manager  at  "V^tehaTen  Col- 
liery ? — ^Yes. 

.  -1£S4.  _  As  regards  the-  Whitehaveu  .CoUierr,  -  we 
hope  that  you  will  be  able  to  give  ub  some  vuuable 
information  with  respect  to  the  mode  in  which  the 
eoal  is  WOTked  under  the  sea.  Will  you  give  ua 
eridenoe  iafi  to  the  working  of  coal  in  the  North- 
nmberJand  and  Whitehaven  diBtrict  ?  It  is  prindpally 
steam  coal j  is  it  not? — It  is  entirely  steam'  c(m1  in 
jNorthnmfoeriuid. 

1525.  It  lies  at  only  a  slight  incltuation  — .Yea, 
veiy  slight. 

1526.  At  what  depth  below  the  surface  is  it  being 
worked  ? — ^The  de^st  is  abont  160  fetboms,  and 
fr<Hii.  that  it  is  worked  up  to  the  ontorop.  • 

1527.  I  believe  that  in  Northumberland  you  go 
very  great  dMances  from  the  bottoms  of  the  dtafis  ? 
"^We  do. 

1<98.  What  is  Uie  greatest  distance  which  has 
been  penetrated  tvom  the  bottom  of  any  of  the 
shafts  I — The  greatest  distance  that  I  know  at  vhidi 
they  woi-k  and  bring  coals  in  Nwthumberiand  is 
two  miles.  .  At  Whiieharven  it  is  much  more  than 
that. 

1529^  I  think  that  at  Haswell  it  is  much  more 
thui  that  ?«Yes ;  but  I  am  speaking  of  working 
large  pits,  and  not  of  boUng  from  one  pit  to  tiie 
other. 

1630.  As  regards  steam  coal,  what  is  the  system 
of  working  practised  ? — It  is  worked  entirely  by  the 
board  and  pillar  system. 

1531.  I^ve  yon  a  sketch  showing  the  system  t — 
Yes.  '  .This  is  a  working  plan  whidi  has  extended 
over  a'  eomriderable  nmnb^  of  years  (produeittff  a 
phn-trndexplttimngi  Ufathe  Commitlee).  ■ 

Sheiruig  old  metliod  of  working.   Bcale,  4  chains  to  an  inch. 


BackworUi,  Newoaetl&-<Hi-I^iw»  examined. 

NofcHnmBKRuiiD. 

Sbewiog  present  method  of  working.   Scale,  4  chainB  to  an  iiA 


The  black  lines  ihow  the  portions^excaT*ted^  the  flnt  vorim^ 

1632.  {Chairman.)  What  is  the  width  of  (he 
bowds  ? — The  boards  are  from  five  to  six  yardi 
wide. 

1633.  What  are  the  distances  between  the  cut- 
through  ? — Thirty  yards  of  coal. 

1534.  What  is  the  .size  of  the  pillars  ?— These  are 
the  old  pillars,  and  they  are  very  small ;  they  are 
only  about  four  yuda  in  the  middle  of  the  pillar,  but 
they  have  been  gradually  increased,  and  we  are  now 
actually  winning  out  at  from  20  to  22  yards. 

1635.  How  mu<}h  hare  yon  taken  out? — Sixyardi, 
and  leaving  22. 

1536.  And  that  22  yards  you  get  back  ?--TeE;  ii 
is  30  yards  ia  length,  by  22  yards  in  breadth,  tiA 
that  we  get  out  on  coming  back.  The  lai^  the 
pillars,  the  better  we  get  them  out. 

1587.  It  has  been  ^und  that ,  the  small  piHsn  got 
crushed  ? — Tea.  In  &ct  in  some  of  these  old  pillut^ 
which  were  worked  40  or  60  years  ago,  scsrcel; 
anything  is  left.  In  some  cases  there  is  not  more 
than  a  yard  in  the  centre  of  the  pillar.  They  wen 
commenced  with  eight  yards  of  coal,  owing  to  tbe 
hoard  being  made  narrow  at  the  commencement ;  it 
was,  however,  gradually  widened  oat^  and  thus  tlie 
pillar  was  decreased  in  thickness. 

1538.  What  .are  these  ^ots  {pointing  to  tie 
plan)? — Coal  has  not  been  worked  there,  either  on 
account  of  the  coal-  being  ba^^  or  .on  account  of  i« 
beipg  below  the  level  of  water. 

1639.  What  would  be  the  proportion  of  coal  v^hic^ 
was  crushed  in  these  pillars  in  consequence  of  their 
being  left  too  snudl  ?— I  should  think  about  SO  per 
cent. 

•1540.  And  yon  are  now  obtaining  that  in  the  neir 
work  by  reason  of  leaving  the  pillars  fau^er  ?— The 
greater  portion  of  it.  We  do  not  get  it  without  etane 
loss. 

1541.  {Mr.  Geddes.)  Shall  you  get  these  pill>» 
at  all  ?--YeB»  I  think  so ;  bat  at  a  ooiuiderable 
cost. 

1542.  Does  this  whin-dyke  destroj  mnch  ^ 
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(pointing  to  the  plan)  ? — Tes  ;  sometimes  there  are 
SIX,  seven,  find  ei^t  yards  of  cinder  coal  at  the 
dyke. 

1543.  What  is  the  thickness  of  the  dyke  ?— The 
thickest  that  I  have  Been  is  nine  yards.' 

1544.  Is  it  of  equal  tveadth  r— It  varies  a  ffpod 
de*a. 

1545.  This  (/Nnnftn^  to  the  plan)  ift  bad  coal?'— 
Tea,  or  it  is  nnder  levd. 

1546.  {Chairman.)  Is  ttiere  any  throw  with  any 
of  these  whin-dykes  ? — Not  generally;  but  sometimes, 
though  very  seldom,  we  find  a  th^w  'running  ih  Uie 
exact  course  of  the  dyke.      *  '  '  ■  ■ 

1547.  You  do  not  find  that  the  Whi'a-dykes  throw 
the  coal  up  or  down  ? — No.  In  some  cases  there  is  a 
very  curious- throw  of  the  Whin-dyke  in  a  lateral 
direction.  It  runs  out  to  a  feather-edge  like  a  knife, 
and  is  found  again  parallel  to  its  regular  course,  but 
at  some  distance. 

1548.  These  dykes  are  not'  so  very  numerous  as 
to  make  any  very  important  feature  in  the  destmction 
of  coal  ?— No  ;  but  ther  are  rathar  numerous  in  this 
distrifit. 

15^.  But  still  they  nre  'ut  long  lixstanueH  'r — ^Tes; 
They  do  not.  destroy  so  nmch  as  the  amallef  trou- 
bles do. 

1550.  There  is  not  a  veny  lafge  qmmtity  of  fire- 
damp, I  think  ?— No,  very  little. 

1551.  What  is  the  thickness  of  the  seam  of  coal? 
— The  thickest  is  about  bix  feet,  and  it  varies  from 
that  to  four  feet  eight,  and  where  there  are  local 
disturbances  it  becomes  thinner.  About  five  feet  to 
five  feet  four  is  the  average. 

1552.  At  Whitehaven  what  is  your  system  of 
working  under  the  sea  ? — By  board  and  pillar. 

1553.  How  far  have  you  advanced  underneath  the 
sea  ? — ^Two  miles. 

1564.  {Mr.  Geddes.)  Two  miles  in  the  straight? 
— ^Two  miles  in  a  line  at  right  angles  to  the  shore. 
The  distance  of  that  face  &om  Uie  pit  is  three 
miles. 

1555.  Does  your  level  stretch  three  miles  in  length, 
or  how  long  The  level  stretches  fully  three  nales 
in  length.  The  level  runs  parallel  to  vaa  high-water 
line, 

1556.  At  what  depth  below  the  ocewi  will  this 
working  which  you  speak  of  be  ? — About  150  fathoms 
in  that  particular  place.  We  work  it  at  all  depths 
down  to  60  or  70  yards. 

1557.  But  150  fathoms  is  the  extreme  depth  to 
which  you  have  reached  ? — Tes ;  but  it  is  increamng. 

1558.  {Chairman.)  What  is  the  dip  of  the  coal?— 
About  (bur  inches  to  the  yard. 

1559.  Is  it  dipping  underneath  the  sea? — Tes,  it  is 
dipping  seawards. 

1560.  How  thick  is  your  seam  ? — ^Ten  feet 

1561.  What  width  do  you  drive  the  boards  ?— Six 
yards. 

1562.  What  is  the  width  of  the  pillar  ?— Twenty 
yards. 

1563r.  What  is  the  \^th  of  the  cut-thiongh  ?— 
About  five  yards. 

1564.  Bo  you  propose  taking  away  any  of  the 
pillar? — ^Tes,  acoo^ng  to  the  depth.  At  100  iathoms 
we  take  it  all  .out,  and  down  to  60  Jathoma.  At  60 
dbthoms  we  leave  a  certain  percent^e. 

1565.  What  is  th*^  percentage  ?— llie  working 
which  we  first  take  put  in  the  whole  is  36  per  cent., 
leaving  64'  per  eo^  ;  and  we  take  about  16  per  cent.  . 
more  out  whw  we  .do  not  work  the  pUlan  off,  but 
merely  cut  them  thrpugh. 

1566.  {Mr.  Geddes.)  You  get  52  per  cenL  then  ? — 
Tes,  where  we  require  to  leave  mpfotta, 

1567.  Do  yon  comtonplate  that  ■  perB&aiientiy  ?— 
Tea.  '  ■     '  ■ 

1568.  {Chairman.)  What  is  the  sea  bottoni  com- 
posed of  ?— It  k,  I  think,  principally  rock.  ■ 

1569.  Have  yo9  any  good  shale  beds'  or  fire  clay 
lying  above  the  coal  seam  ?— -Tee,  there  are  several ; 
and  we  hvre  a  very  strong  sandattoie  just  above  the 


deam.   This  is  a  aecH<m'  of  the  pit  (proditeu^  a       0  55 
section).  Q.B.Forster, 

Esq* 

WHIT£BA.Va9.  „^ 

Shewing  netliod  of  vorkiag  under  the  sea.  Soale^  ^.eludMtik/  'lOFeb.1869. 

~  sn  in^L 


1570.  Woold  there  be  any  objection  to  putting  in  a 
printed  copy  of  Uiis  section  ?— -Not  the  least.  Ton 
would  also  ^e  to  hare  one  for  NotlltnzAberiattd,  I 


1571.  If  yon  please.   Has  the  sea  found  {ts  way 
down  into  the  mine  at  all  ?-~Not  into  thib-minb^'- 
1672.  But  it  has  in  some  osiers  ? — ^Tes. '     -  ' 

1578.  Where  has  it  done  So  ?---At  Workington,  a 
few  miles  further  along  the  coast. 

1 574.  And  those  mines  are  shut  up  r — Tes,  they 
are  still  full  of  water. 

1575.  A  number  of  men  were  drowned  there  ?— 
Yes.  In  that  case  they  were  taking  off  the-  whAle  of 
the  coal  at  a  very  slight  depth. 

1576.  At  what  depth  ? — I  hare  not  the  exact  data, 
but,  as  far  aa  I  can  gather,  it  would  not  be  more  than 
60  yards  at  the  most.  1  believe  also  that  there  was 
a  gravel  bed  which  communicated  with  the  pit  to  the 
riK  ;  it  was  not  a  fiur  break-down  of  Ihc  stratib' 

1577.  Was  not  the  bed  of  coal  there  rising  BjBawanl  ? 
— I  cannot  my  ;■  it  is  not  rising  aea  ward  on -the  land 
side  there..  .... 

'  1578.  In  working  the  coal  at  Wfait^ven,  do  you 
follow  any  system  of  dividing  it  out  into  compart- 
ments?— Yes,  we  drive  the  coal  and  apportion  so 
much  coal  to  each  set  of  levels. 

1579.  So  that  if  the  sea  found  its  way  down  into 
one  set  of  workings,  would  each  compartment  be 
thoroughly  isolated  ? — No,  because  there  woold  be  a 
communication  with  the  main  heading. 

1580.  The  water  has  found  its  way  into  some  mines 
at  Workington,  and  there  is  a  possibility  of  a  gravel 
bed,  or  a  fissure  of  some  sort  at  other  places  which 
might  let  the  water  down.  Would  it  not  be  advisable 
to  work  the  mines  by  a  system  of  oompartmenta,  so 
that  in  die  event  of  the  water  getting  into  one  com- 
partment it  might  be  entirely  isolated  ? — Yes;  but 
that  is  a  question  whidi  has  now  passed,  because  all 
the  ooal  under  the  hi^^-water  mark  has  been  wwked, 
so  that  you  cannot  now  make  an  independent  road 
into  the  face  ;  you  must  go  into  the  old  workings. 

1581.  Ton  might  go  underneath  the  coal  for  that 
purpose  now  ? — ■Yes. 

1582.  In  working  under  the  sea,  would  not  such  a 
system  of  coinpartraeuts  be  desirable  ? — It  would 
diminish  the  risk  ;  but  I  should  have  no  fear  of  work- 
ing coal  with  the  precautions  which  we  take. 

1583.  Do  you  leave  any  supports  for  the  roof?— 
Nothing'but  the  coal ;  it  is  a  Yety  strong  roof. 

1584.  {Mr.  Geddes^  Have  you  b^on  to  work  any 
of  the  upper  seam  ? — ^Yes. 

1585.  Under  the  same  regulations  as  to  the  piflara  ? 
-^Tes,  pretty  much  the  sune  regulations. 

1586.  And  leaving  a  certain  quantity  — ^Ym,  we 
leave  as  much  ther& 

1587.  Have  the  workings  of  the  main  seams  so  far 
advanced  as  to  give  you  some  experience  for  the  Qpper 
seam^? — No  ;  1  have  had  no  experience  of  that,  but 
.in  some  places  this  seam  {painting  to.  the  plan)  -  is 
dividecTuito  itvdi  imd  they  are  worked  as  two  sepaxate 


seams. 


1588.  How  flu-  are  they  apart?— Ten  or  twelv* 

feet.-       ■  •      '    •   •  ' 
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ON  WASTE  IK  VOBKIXa. 


<}  56  ^^89*         f^oodhoute.)  Do  these  mines  dip  away 

G.  B,  FonUr,  to  the  westward  ?— Tes,  under  the  sea. 

Eaq.  1590.  What  is  the  greatest  depth  at  low  water  at 

  which  you  have  worked  ? — Abont  300  rardSj  and  the 

10Feb.l8S9.  least  is  60  yiffde. 

lo91.  Have  you  any  means  of  ascertaining  whether 
there  is  any  subsidence  in  the  surface  of  the  ground 
under  the  sea  ? — No,  we  have  not  adopted  any  means 
for  that  parpose  ;  we  might  perhaps  get  it  hy  sounding. ' 

1592.  Axe  the  pillars  crept  at  all  ? — Yob,  in  some 
cases. 

1593.  48  per  cent,  is  left  ?— Yes. 

1594.  That  is  in  the  total  thickness  of  10  feet?— 
Tes. 

Coal  produeed  per  Foot  per  Acre. 

1595.  {Chairman.)  In  Northumberland,  when  you 
are  clear  of  &ults  and  ure  without  other  natural  diffi- 
culties, what  is  the  quantity  of  coal  produced  per  foot 
per  acre  ? — The  Northumberland  pits  are  all  worked 
"  by  separation  that  is,  about  5  per  cent,  is  cast  back 
and  not  brought  to  the  surface  at  all ;  10  per  cent,  is 
cast  back  in  the  broken,  so  that  there  is  altogether 
8  per  cent.  Imt. 

1596.  Do  you  bring  to  the  surface  92  per  cent,  of 
the  whole  ? — Yea  ;  when  there  are  no  troubles,  and  of 
conrse  when  the  coal  is  good.  Sometimes  we  leave 
a  portion  of  the  seam  itself  when  it  is  bad. 

1597.  What  do  you  call  large  coal  ? — That  which 
passes  over  a  half-inch  screen. 

1598.  What  proportion  of  the  coal  which  you  obtun 
will  pass  over  a  half-inch  screen  ? — ^About  76  or  78 
per  cent.;  that  is  to  say,  of  what  is  bronght  to  bank, 
there  is  about  22  or  24  per  cent,  of  small  coat 

1599.  {Mr.  Geddes.)  There,  first  of  all,  is  8  per 
cent.  ?— Yes. 

1600.  Then  you  have  92  per  cent,  to  deal  with  ? — 
Yes. 

1601.  And  of  the  92  per  cent  you  obtain  how 
much  ? — About  75  to  78  per  cent. 

1602.  {Chairman.)  Where  there  are  difficulties,  such 
as  having  to  leave  pillars  for  air-ways,  or  shafts,  or 
other  working  purposes,  what  proportion  do  you  obtain 
on  the  average  ? — We  do  not  expect  any  of  our  pillars 
to  be  permanently  left  for  air-ways,  or  for  anything 
else  except  for  supporting  the  ground  under  buildings, 
and  all  that  we  lose  is  from  troubles  and  bad  coal. 

*  1603-  Will  you  keep  clear  at  present  of  what  you 
leave  for  the  snrfisce,  and  confine  yourself  to  under- 
ground purposes  ?— -Of  course  the  quantity  left  .at 
troubles  varies  with  the  nature  of  the  troubles  and 
the  nature  of  the  district.  I  do  not  think  that  we  can 
fix  any  specitic  percentage  for  that. 

1604.  How  many  tons  per  foot  per  acre  would  you 
say  was  a  fair  average  for  the  county  of  Northmnber' 
land  ?— About  1^00. 

1605.  Does  that  include  what  is  destroyed  by  these 
faults  and  whin-dykes  ? — No,  that  is  coal  got  where 
the  coal  is  all  good. 

1606.  Including  losses  of  all  kinds,  and  every  sort 
of  trouble,  what  will  be  the  actual  quantity  obtained 
per  foot  per  acre  ? — ^I  can  hardly  speak  for  the  whole 
district,  but  I  fdiould  think  in  our  pits  about  1,200  tons. 
It  is  not  what  you  may  call  a  very  troubled  district; 
there  are  no  very  lai^e  troubles. 

1607.  Yott  have  hean  speaking  of  the  whin-dykes 
being  rather  nnmeroos,  aziil  abont  a  mile  apart  ? — ^Yes 
I  have  known  instances  where  we  have  gone  1,000 
yards  without  touching  a  fault  at  all. 

1608.  In  some  of  ^e  mines  in  Northumberland  I 
believe  that  yon  have  large  barriers  to  leave  for  water  ? 
— That  was  the  case  on  the  Tyne,  but  I  think  that 
they  are  now  all  to  be  taken  out ;  we  leave  barriers 
to  a  certain  extent 

1609.  What  proportion  do  they  form  of  the  whole  ? 
— In  a  lai^e  tract,  like  this  they  form  a  veiy  amall 
proportion. 

1610.  What  would  be  the  perceotage  ?— J  should 
think  not  more  than  five  per  cent. 

1611.  {Mr.  Gedctes.)  Do  your  leases  impose  the 
obligation  to  leave  barriers  along  the  rivers  ?— Not 


along  the  rivers,  but  along  tiie  boimdaries;  these  ir 
sepu^te  royalties  (poinHng  to  the  plan). 

1612.  ( Chairman.)  Some  <^  these  barrio  yon  eaj 
are  only  to  serve  a  temporary  purpose,  and  are  now 
being  worked  out  ? — They  will,  I  think,  be  woited 
out. 

1613.  {Mr.  Woodhmte.)  When  you  talk  of  8  per 
cent  being  cast  back,  and  92  per  cent,  being  lHX)iigbt 
to  bank,  of  that  some  portion  goes  through  a  half-ineli 
screen  ? — Yes  ;  20  to  25  per  cent,  goes  through  the 
screen,  and  the  remainder  goes  away  as  best. 

1614.  That  is  67  per  cent  ?— Yes. 

1615.  The  coal  is  generally  rather  small,  is  it  not  ? 
— ^It  is  small  compared  with  Welsh  coal  or  Midluuj 
coal,  but  there  are  considerable  pieces  oS  large  coal 
there  are  a  great  mai^  mere  fiicii^is. 

1616.  Is  this  calculation  of  the  coal  the  aven^ 
over  the  whole,  including  the  first  working,  or  is  it 
only  the  broken  ? — The  whole. 

1617.  What  is  the  first  working  ? — The  first  working 
is  not  more  than  5  per  cent,  in  the  whole  and  10  per 
cent,  in  the  broken,  but  the  amount  lost  in  the  broken 
is  continuaUy  decreasing,  because  we  are  now  w<»kjng 
very  much  lai^er  pillars  than  we  used  to  do. 

16m.  Eight  per  cent,  is  the  average  of  the  whole?— 
Yes ;  that  is  cast  back  by  the  men. 

1619.  How  is  that  22  per  cent,  of  stuff  which  goes 
through  the  screens  utilized ;  it  used  to  be  bunit  it 
some  time  ? — I  am  sorry  to  say  that  some  of  it  is  still 
bmut,  but  not  intentionally  ;  we  have  to  make  la^ 
heaps  of  it  in  the  summei',  and  in  the  winter  tbcK 
heaps  sometimes  take  fire. 

1620:  In  some  places  the  small  is  utilized  by  being 
washed  and  made  into  coke  ? — But  this  ia  steam  co^ 
and  it  will  not  coke. 

1621.  Has  your  attention  ever  been  given  to  tb( 
subject,  as  to  the  utilization  of  the  small  coal  ? — There 
has  been  a  question  of  making  patent  fuel  out  of  it, 
but  we  found  that  it  fell  through.  In  times  of 
ordinarily  good  trade  we  get  quit  of  the  whole  of  it. 

1622.  {Mr.  Geddes,)  For  what  purpose  do  joo 
get  rid  of  it  ? — ^For  manu&ctories  and  statimiuy  I 
engines,  &c.  ' 

1623.  Could  this  8  per  cent,  be  utilized  in  the  same 
way  ? — ^If  there  was  a  demand  for   it  we  shouM  | 
immediately  take  it  out  of  the  pit    Xkuow  one  cf^ierr  I 
which  ia  near  the  river  where  th^  have  a  betto' 
demand  for  the  small  than  we  have,  and  where  thet 
send  eveiything  away,  and  th^  gl^dfy  do  so,  became 

it  entuls  an  extra  cost  by  its  being  kept  below. 

1624.  Have  you  ever  endeavoured  to  dispose  <^ 
your  coal  without  screening  it  at  all? — ^We  sendi 
large  quantity  in  that  way.  j 

1625.  Does  it  diminish  materially  your  loss  of  eight 
per  cent.  ? — ^No,  it  does  not  diminish  the  eight  per 
cent  at  all ;  it  diminishes  the  22  per  cent. 

1626.  You  never  send  the  five  per  cent  to  bank  ?— 
Not  as  a  rule.  If  we  i-uu  short  of  small,  we  Bll  it  up 
afterwards,  but  that  very  seldom  happens ;  the  ncii 
separate  it  from  the  large  coal  with  a  rake,  but  pnc- 
tically  we  do  not  throw  very  mnch  back.  Formeriy 
they  used  to  throw  a  great  deal  more  than  the  five 
per  cent  back. 

1627.  {Mr.  Hum.)  With  regard  to  this  small  coal,  I 
have  understood  that  some  portion  has  been  made  ino ' 

'  a  patent  fuel,  and  has  then  been  coked,  and  that  thef 
have  also  {veserved  the  products  cS  the  £stiUation  from 
the  coal.  Is  that  process  carried  out  to  any  extent? 
— ^Not  in  our  ^strict.  The  mannfkcture,  I  wink, 
commenced  in  Sunderland,  but  it  was  very  soon  dis- 
continued. We  took  up  some  other  patents  with  the 
intention  of  seeking  to  obtain  a  good  and  correct  result, 
but  the  demand  was  uncertain.  If  the  trade  of  the 
district  increases,  we  shall  be  able  to  dispose  of  our 
small  coal. 

1628.  Is  there  a  large  manufacture  of  patent  foel 
from  the  Northumberlwd  nnall  coal  ? — No. 

1629.  {Chmrman.)  What  means  did  you  adopt  in 
order  to  make  this  small  coal  available  ? — We  vent 
into  the  question  of  making  it  into  patent  fnel  j  we 
sent  some  of  it  ap  here  to  be  made  into  potent  M  " 
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an  experimoit^.aiid  we  went  into  the  coB^bnt  we 
found  that,  though  Uie  patent  fiiel  thus  made  was  good, 
it  would  not  anawer  in  a  commercial  point  of  view. 

1630.  Did  you  mix  it  with  some  bituminous  sub- 
stance ? — No,  it  was  made  into  patent  fuel  hy  pntdng 
starch  with  it 

1631.  (3/r.  Geddes.)  By  making  it  into  bricks? — 
Yes,  very  much  the  namo  as  in  the  case  of  the  firo 
bridu. 

1632.  (Chairman.)  Was  mixing  it  with  bituminous 
coal  tried  ? — Not  that  I  am  awai-o  of;  it  may  have 
been  tried  at  Sundcrlwid. 

1633.  There  was  a  plan  tried  in  South  Wales  by 
Mr.  Coffin  of  hydraulic  pressure,  but  which  fuled ; 
has  that  plan  been  tried  with  the  Northumberland 
coal  ? — ^Not  that  I  am  aware  of.  Of  course  if  vo  can 
get  quit  of  the  small  coal,  as  small  coal,  it  is  very 
nmch  better  for  everybody,  and  it  would  not  pay  any- 
body to  put  up  a  large  plant 

1634.  If  persons  would  only  adapt  their  furnaces  to 
the  use  of  small  coal  there  is  no  difficiJty  whatever  in 
burning  it  ? — None  whatever. 

1635.  Then  if  that  objection  to  the  use  of  it  were 
got  over,  and  the  furnaces  were  adapted  to  the  burning 
of  it,  this  loss  which  you  speak  of  might  be  avoided  ? 
— ^They  do  burn  small  coal  in  most  stationary  engines. 
I  do  not  think  that  it  would  ever  answer  to  send  away 
small  coal  to  be  used  in  steamboats. 

1636.  There  is  a  very  large  number  of  manufactories 
on  the  Tyne,  and  in  the  neighbourhood,  which  one 
would  suppose  would  use  this  small  coal  which  is  now 
wasted. — They  draw  largo  supplies  in  Northumber- 
land and  I>urnam  from  these  cMulieries. 

1637.  Hare  you  seen  Jukei^s  apparatus  applied,  so 
as  to  use  coal  ? — Tea. 

1638.  Might  not  the  use  of  that  apparatus  be 
advantageously  extended  ? — I  think  s<^  but  I  do  not 
think  tbat  it  would  increase  the  consumption  of  small 
coal. 

1639.  Do  you  think  that  as  much  small  coal  as  the 
neighbourhood  requires  is  already  supplied  ? — I  do 
not  think  that  in  the  immediate  neighbourhood  of 
Northumberland  anybody  uses  large  roal  in  cffdizuiry 
boiler  fires. 

1640.  In  the  county  of  Lancaster  small  coal  was  « 
drug  a  very  few  years  ago  ? — ^Tes. 

1641.  It  was  not  thought  worth  bringing  out  of  the 
pits  ?— ^ite  so. 

1642.  But  when  the  Wigan  Coal  and  Jrcn  Company 
erected  their  blast  furnaces,  it  made  small  coid  very 
much  in  demand,  and  there  is  now,  I  believe,  very 
little  waste  ? — Yes.  If  we  could  coke  our  snuUl  coal 
we  should  be  in  the  same  position,  but  it  will  not  coke. 
The  county  of  Durham  coal  will  coke,  but  onxB  is  not 
of  the  same  nature. 

1643.  (Mr.  Hunt.)  Do  oot  they  use  a  good  deal  of 
small  coal  in  the  chemical  works  in  the  neighbour- 
hood of  Newcastle  ? — Yes. 

1644.  But  still  there  is  a  great  deal  of  small  coal 
which  ia  not  utilized  ? — Yes,  at  present. 

1645.  (Chairman.)  Are  there  royalties  upon  what 
is  left  below  ? — ^No. 

1646.  Only  upon  what  is  brought  to  the  surface  ? 
. — We  only  pay  upon  what  ia  vended ;  but  in  the 
county  of  Durham  the  roytJty  ia  generally  paid  upon 
the  drawings. 

1647.  {Mr,  Gedde$.)  How  much  do  you  give  your 
miners  for  their  house  fires  ?— A  cart-load  in  a  tort- 
night.    That  is  about  15  cwt. 

1648.  Doyou  think  it  possible  to  economise  in  that 
respect  ? — Yes ;  if  you  make  them  pay  for  it.  7^  cwt. 
per  week  for  a  cottage  is  a  very  large  consumption 
indeed.  They  keep  ueir  fires  burning  night  and 
day. 

1649.  {Chairman.)  I  suppose  that  it  is  chiefly 
small  coal  ? — ^Yes.  They  get  up  at  all  times  of  the 
night,  and  so  require  a  constimt  fire. 

1650.  {5fr.  Geddes.)  Even  with  a  conaidorable 
allowance,  could  you  materially  econmnize  that  qnan 
tity  ? — I  think  not  materially. 

1651.  (CKavmon.)  What  proportion  does  the  collieiy 
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consumptkm  form  of  the  whcde  ? — ^The  colliery  con-  q 
sumption  is  about  10  or  12  per  cent,  of  the  drawings ;  Fonier 
but  that  includes  tbe  workmen's  coals  and  what  is    *   'jBtf,  * 

used  in  the  mines,  boiler  fires,  &c  — 

1652.  Would  that  be  a  tolerably  fkir  average  of  the   loFA.  »6t. 

drawings  ? — Yes. 

1653.  What  docs  that  leave  to  he  sent  to  market, 
taking  all  the  losses  ? — I  suppose  about  60  to  65  per 
cent  of  largo  coal,  and  20  of  small. 

1654.  (Mr.  fVoodhouse.)  Is  this  a  clean  seam?— • 
Yes,  generally  speaking.  In  some  cases  there  is  a 
band,  but  not  as  a  rule ;  and  in  some  cases  ther«  is  a 
com*se  cool  called  the  grey  coal  on  the  top,  whidi  is 
sometimes  left  nnderground. 

1655.  (Chairman.)  The  seam  spoken  to  istheLow 
Main  ? — ^Yes ;  but  it  also  extends  to  Uie  Yai%t  seam 
above. 

Order  of  WbrUag  tike  8eam», 

1656.  Your  principid  workings  have  been  in  tiie 
chief  seam  in  the  district  ? — ^Yes. 

1657.  In  getting  it  out  you  hare  gone  through 
some  coal  above  it  ? — ^Yes  ;  the  Yard  seam  and 
others. 

1658.  And  how  many  other  seams  of  a  foot  or 
more  in  thickness  ? — About  12  seams. 

1659.  You  do  not  observe  any  order  in  wortiing  the 
seams,  but  you  go  to  the  best  seam  first,  and  leave 
futurity  to  provide  for  itself? — Yes. 

1660.  Do  you  expect  that  those  seams  which  yon 
pass  through,  or  some  of  them,  may  be  returnable  to 
hereaiW  ? — No  doubt  In  pita  where  the  Low  Main 
is  partly  exhausted  we  are  now  returning  to  the  Yard 
seam.  We  consider  that  to  be  tlie  best  way  to  work 
the  cdal,  namely,  to  work  the  low  seam  first 

1661.  We  have  had  some  evidence  upon  that  point, 
and  there  appears  to  be  some  little  difference  of 
opinion  as  to  whether  the  working  of  the  lower  seam 
does  not  deteriorate  the  upper  ? — We  do  not  find  it 
so  ;  but  this  is  at  a  distance  of  60  yards. 

1662.  At  that  distance  have  you  not  found  the 
upper  seam  crushed  ? — No  ;  I  hare  never  seen  a 
single  crack  in  it  I  have  now  driven  nearly  1,000 
yards  in  that  Yard  seam,  and  we  have  not  had  any- 
thing of  the  sort. 

1663.  Is  there  any  rule  by  which  what  is  a  work'- 
able  seam  is  decided  P — No  ;  I  think  not  As  long  as 
there  ia  a  sufficient  supply  in  the  best  seam,  that  is 
the  workable  seam.. 

1664*  And  does  the  landlord  leave  it  entirely  to 
the  tenant  ?— Entirely. 

1665.  There  ia  no  cnstmn  in  the  district  requiring 
you  to  work  the  upper  seams  first  ? — ^No. 

1666.  Is  that  at  all  known  in  the  district,  namely, 
having  a  custom  that  the  upper  seams  must  worked 
first  ? — No  ;  but  just  the  contrary. 

1667.  I  suppose  that  you  are  awu-e  that  in  soma 
districts  that  is  specially  provided  for  in  the  leases  ? — 
I  was  not  aware  of  it,  excepting  from  hearsay. 

1668.  Is  it  your  opinion  that  lessors  are  labouring 
under  an  erroneous  impression  in  requiring  the  top 
seams  to  be  worked  first  ? — Yes.  At  Whit^aven  we 
find  that,  when  the  top  seam  is  worked  first,  the  under 
seam  is  tougher. 

1669.  What  is  the  distance?— In  the  district  I 
allude  to  it  u  only  two  fathcmu.  In  Northumberland 
any  regulation  of  tiiat  sort  would  practically  stop  the 
wh<de  trade,  because  we  could  not  work  die  upper 
seams  to  a  profit. 

1670.  In  many  instances  in  Northumberland  the 
upper  seams  which  have  been  left  behind  are  now 
being  returned  to  ? — Yea. 

1671.  And  successfully  worked  ? — Yes. 

1672.  (Mr.  Woodhouse.)  In  your  opinion  there 
should  bo  no  restrictitm  ?— 1  think  that  it  should  be 
left  to  the  tenants. 

1673.  (Mr.  Geddes.)  What  is  the  quality  of  the 
upper  seams  as  compared  with  the  best  seams  ? — 
All  the  seams  are  stomi  coals.  The  Yard  seam  is  of 
a  very  good  quali^,  and  many  of  these  thinner  seama 
an  preUy  goodi  many  of  them  are  very  stony. 
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C  58  Bre  B^h  Main,  ^hich  is  the  great  kousehold  coal, 

G,B.  FonUr^  cdi  the  ^^^e,  is  fVdl  of  bands  is  the  Blyth  distaici. 

■B^.  1674.  {Mr.  fFoodhatue.)  Do  not  both  these  seuns, 

JT"  the  High  Main  and  the  Low  Main,  become  bitu- 

iojrBb.1869.  mjjjoua  ^  y^u  pass  south?— Yes.    The  Low  Main 

becomes  in  some  places  unworkable ;  and  tlie  High 
Main  becomes  bituminons  coal  where  I  live,  which  is 
within  two  miles  of  the  steam  coal  district. 

1675.  (Mr,  Geddes.)  What  is  in  the  interTening 
space  ? — It  is  a  gradual  change. 

1676.  There  are  no  trap  dykes  ?  —  There  are 
trap  dykes,  but  we  do  not  attribute  anything  to  that. 

1677.  None  of  these  upper  seams  appear  to  be 
thicker  than  2^  feet,  as  far  as  I  can  make  out  ? — 
There  is  one  4  teet  (jaointittff  out  the  tame). 

1678.  Hare  you  worked  die  top  seam  at  all  ? — No. 

1679.  {Mr.  Woodhouse.)  Do  you  find  that  these 
seams  gradually  decrease  in  quality  as  you  go  north  ? 
-~I  would  not  say  so.  They  change  in  their  quality 
from  a  bituminous  coal  to  a  ^e-bmning  sieam 
coal. 

1680.  Do  they  retdn  that  quality  of  a  free-burning 
steam  coal? — Tes. 

1681.  They  do  not  pass  into  a  mere  earthy  seam  ? 
—No. 

1682.  {Mr.  Geddes^  Have  you  ever  bored  deeper 
thbn  this  Low  Main  coal  ? — Yes. 

1683.  How  much  below  that?— About  60  fathoms; 
and  we  have  found  at  30  fathoms  below  that  seam  a 
seam  of  about  3  feet  8  inches. 

1684.  Of  good  quatily  ?— We  expect  that  it  is  of 
good  quality,  but  it  is  only  bored  to,  and  thwe  are 
two'  or  three  seams  below  that. 

1685.  Are  they  workable  ? — Not  at  present. 

1686.  Hadyoiianyobjectin8toppingat60fathoms? 
~That  is  what  we  considered  the  lowest ;  what  we 
6all  the  farewell  coal.  I  have  been  in  the  only  place 
in  Ihe  steam  coal  district  where  this  seam  of  coal 
baa  been  sunk  to.  It  is  of  a  rather  more  bituminous 
character  at  the  southern  extremity  of  the  coaijSeld. 

'  1687.  Has  it  been  bored  to  in  any  other  district 
than  yours  ? — Yes ;  it  is  worked  in  the  county  of 
Durham.  There  ai*e  two  seams  worked  below  this 
in  the  county  of  Durham,  the  Harvey  and  the  Brock- 
well.  Those  are  all  included  in  the  returns  made 
for  the  Commission. 

Coal  leji  for  Snr/ace  Support. 

1688.  (Chairman.)  In  addition  to  the  quantity  of  - 
cosl  which  is  left  behind  for  all  the  pnrpoaesof  whi<di 
you  have  spoken,  what  proportion  is  there  left  for 
the  support  of  the  surface  in  Northumberland,  for 
buildings  and  such  like  ? — It  is  very  trifling.  It  is  an 
^ricnltural  country.  The  coal  is  almost  entirely 
taken  out  except  under  mansion  houses  and  large 
buildings. 

■  1689.  Some  of  those  collieries  near  Newcastle  come 
under  extensive  buildings.  Is  it  the  practice  to  work 
out  all  the  coal  ? — No.  Near  Newcastle  the  practice 
is  to  leave  the  pillkrs,  but  there  are  no  collieries 
working  now  except  Elswick,  and  there  the  quantity 
left  has  been  about  50  per  cent. 

1690.  In  what  form  do  they  leave  it? — ^In  the 
form  of  pillars. 

1691.  What  is  the  size  of  the  pilUrs  ?— The  coal  ia 
■generally  reserved  nnder  the  mansion  houses ;  we 
generally  reserve  about  100  yards. 

1692.  There  is  so  little  support  requisite  to  be  left 
in  a  country  of  an  agricultural  description  that  you 
have  not  had  an  opportunity  of  observing  to  what 
extent -the  ground  has  been  drawn  in  Northumber- 
land ? — No  ;  except  at  the  barriers. 

1693.  Hbw  &r  beyond  the  barriers  is  it  drawn  ? — 
"Not  at  all. 

1694.  Is  it  a  perpendicuW  subsidence  ?  — Sup- 
posing the  surveys  to  be  correct,  I  can  make  out  the 
barriers  on  the  surface. 

1695.  There  is  generally  an  single  of  rest  which  is 
to  be  arrived  at  in  the  surface  line  beyond  the 
«(u^ing  lino  nndemeaih  ? — Considering  the  quantity 

is  tikea  oat  if  icaimot  be  a  fery  large  angle. 


1696.  {Mr.  Oeddes.)  You  are  speaking  now  of 
the  board  and  pillar  s^tem  ? — Tta. 

1^7.  And  not  of  the  long- wall  system  ? — ^No. 

1698.  Is  the  long-wall  system  praetiaed  in  inj  m 
those  seams  of  which  you  speak  P — No. 

1699.  Do  you  think  that  the  long-wall  gives  you 
more  produce  per  acre  Aan  the  board  and  ^Uar  8j»- 
tem  ? — ^Yes. 

1700.  And  less  sinall  coal  ? — ^I  think  that  it  would 
give  less  small  coal,  because  it  would  not  require  the 
use  of  so  much  gunpowder. 

1701.  {Chairman.)  I  suppose  that  yon  are  awsre 
that  in  districts,  particularly  where  the  superincumbent 
strata  are  soft,  ^e  fall  beyond  the  wwkings  is  very 
considerable,  and  frequency  up  to  an  angle  of  30,  and 
sometimes  of  46  degrees  ? — ^Yes,  but  I  ao  not  tiifaik 
that  that  is  the  case  in  our  disfrict.  We  take  ont  a 
la^  pillar  of  coal,  and  the  roof  comes  down  in  block 
as  it  were ;  it  does  not  run  in  an  angle,  but  comes 
down  perpendicularly.  Of  course  if  there  are  any 
troubles  in  the  way  they  affect  the  draw  yery  much. 

1702.  For  mansion  houses  what  is  the  usual  clause 
in  the  lease  ? — We  leave  100  yards  of  coal  all  round. 

1703.  {Mr.  Gedde$.)  Are  there  any  air-ways?— 
Yes ;  we  are  always  allowed  to  drive  air-ways,  and  are 
very  often  allowed  to  take  out  the  first  working. 

1704.  {Chairman.)  What  proportion  of  the  coal 
would  be  taken  out  underneath  the  mansion  houses  ?~ 
In  that  case  about  half  the  coal  would  be  taken  out  if 
we  were  allowed  to  work  it  at  all. 

1705.  Are  thwe  uiy  instances  where  the  quutitj 
of  coal  requu^  to  be  left  will  really  enseed  the  value 
of  the  property-  which  requires  to  be  si^ported  on  the 
surface  ? — ^No ;  I  think  that  in  that  ease  they  woric  it 
out  and  rebuild  the  property. 

1706.  Under  ordineiy  cottage  property  is  not  that 
the  case  ? — ^We  never  stop  for  ordinary  cottage 
property. 

1707.  What  is  the  case  with  respect  to  hrai- 
buildings  ?— We  leave  a  few  pillars  under  farm- 
buildings. 

1708.  {Mr.  Geddes.)  Have  you  any  reason  fw  not 
adopting  the  long-wall  system  in  your  district  ?— It 
was  attempted  some  years  ago,  but  it  was  not  imA 
very  successful ;  the  roof  does  not  suit  and  the  floor 
is  imdulating  and  wet,  so  that  the  water  would  come 
into  th^  faces. 

1709.  such  a  coal  as  this,  would  it  not  be  vny 
expedient  to  work  br  ^ke  long-waU  system  ? — I  mj- 
eeu  like  the  long^wali  i^tem  Irast. 

1710.  {Chainnan.)  Has  it  been  tried  in  any  of  the 
steam  coal  collieries  ? — ^Yes,  it  was  tried  in  nearly  the 
whole  of  them  some  years  ago,  bnt  I  have  had  no 
personal  experience  of  it. 

1711.  Was  it  abandoned  ?— Yes. 

1712.  Upon  what  ground  ?— That  the  roof  always 
took  the  face  from  them. 

1713.  {Mr.  Woodhouse.)  It  is  very  important  to 
have  a  large  quantity  to  store  away  upon  the  long- 
wall  system  ? — Yea. 

1714.  And  if  you  are  working  the  coal  clean  oat 
there  would  be  great  difficulty  in  pursuing  the  Itmg- 
wall  system  ? — ^Yes. 

1715.  {ChairmaH.)  Were  yon  short  of  stuff  In 
working  the  long-wall  mtem  ?— Yes,  in  most  cases, 
and  it  being  a  stnmg  roof  the  crush  affected  the  coil ; 
with  a  hard  roof  and  floor  it  squeezes  the  coal. 

1716.  In  some  instances  they  get  stuff  for  buildings 
out  of  the  &ilen  goaf.  Could  it  not  be  so  had  in  your 
case  ? — No  doubt,  but  I  think  that  it  would  be  a  veij 
dangerous  practice. 

1717.  (Mr.  Geddes.)  What  ia  the  immediate  floor 
of  your  coal  ? — ^It  is  a  coarse  fire  clay  for  about  five 
feet,  and  then  we  come  upon  a  hard  material ;  part  of 
the  five  feet  is  hard. 

1718.  {Chaitman.)  Has  the  loo^idl  system  been 
at  all'  tried  under  the  sea  in  theWhitehaTen  mines  ? 
—No. 

1719.  Then  the  proportion  which  is  left  there  is  the 
proportion  which  you  have  ^ven  as  due  to  the  {sUv 
system  of  worldng?— Yea.  llicvdis  tme  thli^  which 
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I  omitted  to  state  wilii  reapect  to  working  the  coal 
tmder  water,  namely,  that  I  have. worked  iMge  quan- 
tities pf  the  Hntton  seam  en  the  Tyne,  onder  the 
Hiffh  Mud  water  which  was  tubbed  of£f  the  High 
Minn  beii^;  exhwuted  and  fall  of  water  with  a  very 
heavy  preaBore  jspm  it ;  there  were  60  fathcHns 
between  the  two  seams,  aaid  we  took  it  all  oat. 

1720.  At  what  pressure  was  that  water  Btanding  ? 
—At  70  to  100  &thonu. 

1721.  Vertical  presanre  Yes. 

1722.  And  yon  did  that  roocesafiiUy  witiiont  any 
water  &idhig  its  way  there  ? — ^Yes. 

1723.  (Jtfr.  GedcteM.)  What  is  your  opinion  with, 
respect  to  working  very  steep  coals  under  the  sea  ? — 
If  we  began  at  the  bottom  I  do  not  think  that  it 
would  be  more  dangeroas  than  the  flat  seams, 

1724.  Ton  have  not  seen  that  done?— I  have  not. 

1725.  We  have  them  in  Scotland  very  steep; 
there  is  a  large  range  under  the  Firth.  We  have  one 
seam  which  is  being  worked  now,  not  under  tiie  sea, 
bnt  yet  of  100  fathoms. 

1726.  {Mr,  Woodhtnue.)  In  the  case  of  the  Hutton 
team  which  yon  worked  at  60  fothoms  belov  the 
Hiffh  Main  seam  were  the  pillss  all  crept  faefiare  yon 
tow  them  ont  7 — No;  but. there  was  not  vety  mneh 
space  at  the  time  when  they  were  all  taken  oat. 

1727.  I  sopposetiiat  when  &e  jaUam  were  teken 
out  the  sobttidenoe  woold  be  gradnai? — Tes. 

1728.  There  would  be  a  very  marked  difference 
in  that  respect  between  the  pillar  and  the  long-wall 
working  ? — Yes. 

1729.  In  the  l<H)g-waU  working  it  falls  very  soon  ? 
—Yes. 

General  Matter*. 

1780.  {Chairman.)  The  plan  which  you  have  shown 
U8  seems  to  oocapy  a  very  large  extent  of  sorfece. 
How  many  squai^  miles  does  it  extend  over  ?— About 
six  square  miles. 

1731.  According  to  the  cdourin^,  there  seem 
to  be  a  great  nnmbw  of  different  proprietors  P—Yee. 

1732.  Is  there  any  power  oS  uniting  propertieei 
BUppoNug  that  a  landlord  does  not  wish  to  lease  his 
coal,  are  there  any  means  of  bringing  hun  to  terau  ? 
— ^None  whatever. 

1733.  If  any  proprietor  is  so  stubborn  as  not  to 
accept  what  yon  considOT  reasonable  terms,  he  has 
the  power  of  causing  bis  property  to  be  shut  iq»  and 
left  unworked  ? — Yes. 

1734.  Would  any  compulsion  in  that  respect  be 
considered  too  arbitrary  ?— It  is  not  requ^^ ;  I 
think  diat  they  let  their  property  as  soon  as  it  is 
required. 

1735.  In  the  oonrse  of  your  experiraice  have  you 
met  with  any  coal  workings  of  iiriiich  therb  is  no 
record?— Ko;  1  have  never  met  with  workings  of 
which  there  has  been  no  record ;  I  have  met  widi 
workings  of  which  the  reon^  hare  been  imperfect 

1736.  A  copy  is  kept  of  yonrfdans  in  Nathnmb^ 
land? — ^Yes ;  this  is  one  of  them. 

1737.  How  is  it  kept  ?— It  is  kept  in  the  eollieiy 
office.   The  lessor  has  a  copy  independent  of  ^is. 

1738.  And  is  the  lessor  generally  carefol  to  keep 
those  plans  ?— I  think  so. 

1 739.  Have  yon  not  met  with  cases  where  there  has 
been  a  number  of  -small  propwties,  and  where  the 
lessor  has  not  thought  it  worth  his  while  to  preserve 
those  plans,  and  where  tliose  plans  have  bem  knocked 
about  nntil  they  have  become  lost  ? — Ko,  I  have 
nevK-  met  with  that  in  our  Strict.  We  are  very 
particulu'. 

1740.  Then  as  far  as  Northumberland  is  ccmcemed 
tike  plans  are  preserved  ? — Yes.  Sometimes  in  going 
up  agunst  old  workings  their  plana  and  ours  have  not 
agreed,  ud  there  has  been  a  difibrence  certainly. 

1741.  Are  the  sections  of  the  strata  which  are 
sunk  through  and  bored  through,  also  ^reeerved  £er 
future  reference  ? — Yes. 

1742.  Is  there  any  system  by  which  a  strange 
ooald  have  access  to  that  information,  provided  that 
he  was  not  oonnected  with  tiie  cdhwies  ?— No ;  it  is 


in  the  hands  of  the  lessors:  and  the ,  owaen  .of  the 
collieries.  In  all  leases  the  lessees  are  poiind^  to 
preserve  plans  and  sections. 

1743.  With  regard  to  some  of  the  foreign  countries 
we  have  had  evidence  put  in  showing  that  the 
Government  have  sent  to  them  copies  of  the  strata 
bored  through,  and  of  all  the  different  bore-holes,  and 
the  positi<m  of  these  bore-holes  is  marked,  so  that  the 
information  obtained  in  one  generation  sh^  .not  be 
lost  by  the  suooeeding  tme.  Is  there  any  system  of 
that  sort  in  any  of  the  coontzies  with  which  yon  have 
been  connected? — There  is  no  compul8<n7  system; 
there  is  nothing  except  a  professional  man's  private 
information. 

1744.  I  suppose  that  it  is  thought  that  circulating 
copies  amongst  the  rising  generation  may  give  them 
too  much  information  ;  they  are  sometimes  looked 
upon  as  secrets,  are  they  not  ? — ^No,  I  have  never 
considered  theih  to  be  secrets. 

1745.  {Mr.  Geddes.)  Should  you  consider  it  a  wise 
thing  for  the  Govwnment  to  have  those  records  ? — ^I 
do  not  think  that  it  would  be  of  any  use  in  our 
oonntry.. 

1746.  Why  not  ? — Becaose  we  have  never  Mt  the 
want  of  them. 

1747.  Bnt  nright  there  not  be  cases  where  ^ 
would  be  advisable  for  the  Government  to  know  even 
more  than  they  do  in  that  respect  ? — I  cannot  foresee 
any  such  case. 

1748.  ( Chairman.)  Might  there  not  be  some  local 
depositwy  for  such  records  ? — Yes,  if  such  were  re- 
quired, the  Mining  Institute  at  Newcastle.  There 
is  supposed  to  be  a  deposit  of  mining  records  at 
Jermyn  Street. 

1749.  {Mr.  Geddes.)  There  is  no  compnlsion  to 
send  ioformation  ^No. 

1750.  If  you  or  I  choose  to  send  a  map  we  may  do 
BO  ?— Yes. 

1751.  {Chairman.)  From  what  you  know  of  the 
large  extent  of  colliery  wcvkings  and  the  explorations 
connected  witii  co^  if  anytMng  of  the  sort  we^ 
proposed  should  it  in  your  opinion  be  c<mcentntfed  in 
one  office,  or  shonld  it  be  in  districts  ? — If  carried 
oat,  I  think  that  it  should  be  in  disbicts. 

1752.  Do  you  think  that  your  Mining  Institute  at 
Newcastle  would  be  a  suitable  centre  for  your  district  ? 
— ^I  can  give  no  evidence  as  to  my  personal  expwience 
of  any  case  in  which  it  would  have  done  any  good, 
because  I  think  that  we  have  sufficleut  records  of  our 
workings,  and  they  are  always  carefully  kept  up  and 
handed  down.  I  am  only  speaking  of  my  own  dis- 
trict. 

1753.  {Mr.  Woodhotue.)  I  believe  that  there  is 
no  doubt  about  the  utility  of  such  a  record  ?— No. 
I  think  that  what  we  hare  would  answer  the  same 
purpose. 

1754.  As  lox^  as  the  control  of  the  mining  interest 
remains  in  your  hands,  and  in  the  hands  of  similar 
parties,  there  would  be  no  cause  of  oompUint  ? — 
No. 

1755.  I  myself  in  the  Midland  Counties  have  seen 
the  evil  result  of  no  plan  being  kept ;  and  some 
persons  were  lost  fi-om  falling  into  an  old  wca-king. 
—We  always  bore  up  against  any  old  workings.  I 
think  that  tiiat  would  only  happen  in  districts  where 
.the  coal  19  shallow.  Somebody  is  working  a  shallow 
pit  and  has  not  kept  any  record;  but  where  it  is 
100  fathoms  there  is  more  care  taken,  and  it  is  not 
left  in  that  state. 

1756.  {Chairman.)  I  know  a  case  where  a  colUeiy 
has  been  worked  under  a  town,  and  where  the  plans 
have  been  knocking  about  in  the  overlooker's  little 
parlour,  and  he  has  now  moved  about  25  .miles  away. 
The  eolliery  is  shut  n|^  and  there  is  no  record  of  the 
^jins.— I  tiui^L  that  that  is  a -very  bad  systeq^ 
This  plan  is  a  duplicate.  It  w  not  the  working 
jdan. 

1757.  {Mr.  Geddes.)  You  are  living  in  modem 
times,  and  the  cases  to  which  the  Chairman  refers 
«e  perhaps  not  recent.  Parties  an  now  bound  to 
keep  a  plan  by  tiie  Act. 
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1 758,  (  Chairman.')  That  is  only  whilst  the  colliery 
is  at  work. 

1759.  {Mr.  Geddet.)  In  connexion  with  the 
Whitehaven  system,  in  carrying  on  yonr  workings 
have  you  had  any  communication  with  Workington, 
where  those  sad  accidents  have  occaiTed  ?— No. 
There  are  v^  lai^  faults  between. 

17G0.  (Chairman.)  The  Crown  there  is  the  land- 
Iwd  below  low-water  line  ? — ^Tes. 

1761.  {Mr.  Oedda.)  How  do  the  Crown  stiiralate 
for  plans.  Do  th^  put  any  obligation  on  yon  with 
r^ard  to  plans  ? — I  cannot  say  ;  but  we  keep  plans. 

1762.  Is  there  any  engineer  who  i^pears  for  them  ? 
—Yes,  Mr.  Warrington  Smyth. 

1763.  Are  you  bound  to  work  to  his  satisfaction, 
or  are  you  in  any  way  tied  to  his  views  of  working  ? 
— I  am  not  aware  that  we  are.  Of  course  we  are 
bound  to  work  the  coal  properly, 

1764.  {Chairman.)  1  have  put  some  qusitions  to 
you  88  to  whether  it  would  not  be  desirable  to  work 
mines  under  the  sea  in  compartments.  As  the  sea 
may  have  to  be  extensively  worked  under,  would  it 
not  be  as  well  to  have  that  question  decided,  that 
only  a  certain  breadth  should  be  allowed  to  be  worked 
wiui  a  cwtain  barrier  between.  After  having  worked 
oat  one  of  the  compartments  Buceesafully,  thwe  would 
be  no  objection  to  commencing  a  second ;  but  not 
to  have  the  whole  thing  laid  open,  so  that  an  immense 
property  might  be  destroyed  when  it  had  been  only 
partially  worked  ?  —  Yes.  I  may  soy  that  this 
{poihtinff  to  the  plan)  is  on  the  sea-coast,  and  some 
day  or  other  we  shall  work  the  coal  at  this  part,  and 
with  that  view  we  are  not  connecting  the  collieries. 

1765.  That  is  in  Northumberland  ? — ^Yes,  and  we 
are  keeinng  them  distinct  with  that  idea  of  working 
only  one  sea  &ce  with  a  barrier  between  it  and  the 
next. 

1766.  What  barrier  do  yon  propose  leaving  ? — ^We 
shall  leave  40  or  50  yards. 

1767.  la  not  that  a  matter  which  should  be  settled 
autboritatively.  It  seems  that  at  Whitehaven  the 
system  of  working  has  been  such  in  former  years  that 
all  independent  access  now  from  the  shore  is  cat  off. 
If  such  a  thing  had  been  settled  it  might  have  enabled 
the  property  to  be  wvrked  hereafter  in  paads? — 
Yes. 

1768.  Whereas  now  it  seems  that  it  cannot  be  done 
BO  P — At  Whitehaven  it  is  worked  in  three  districts ; 
they  are  kept  separate. 

1769.  What  separation  is  there  between  them  ? — 
They  are  generally  separated  by  troubles. 

1770.  There  is  wme  natural  division  ?— Yes. 

1771.  That  is  better  than  an  artificial  one?— 
Yes. 

1772.  (Mr  Geddet.)  Will  they  be  cut  through  in 
my  way  r— No  doubt  they  will  be  cut  through  on  the 
land  sicfe  in  the  old  workbus- 

1773.  (Chairman.)  Colliery  workings  are  not 
always  conducted  in  a  judicious  manner;  do  you  think 
that  it  should  be  left  to  the  discretion  of  the  mining 
engineer  as  to  laying  open  the  whole  uf  the  entrance 
to  the  sea-board  coal  ? — I  suppose  that  it  must  either 
be  left  to  his  discretion;  or  his  advice  must  be  asked 
in  settling  it. 

1774.  Sometimes  the  owners  are  very  stubborn  in 
these  matters,  and  will  have  their  own  way  P — In 
our  district  they  do  not  interfere  in  that  matter  at  aU. 

1775.  As  &r  as  your  experience  has  extended,  with 
the  exception  of  the  access  being  cut  off  in  one 
instance,  are  all  these  barriers  being  left,  so  that  if 
one  portion  of  the  colliery  became  flooded,  the  other 
portions  woold  remain  separate  ? — ^No.  1  only  mean 
that  tfa^  would  remain  so  far  separate  as  to  allow 
die  men  to  escape.  They  voald  remain  separate  for 
a  cerbun  time  until  the  wator  got  round  landwards. 


1776.  Then  if  the  water  got  into  (me  the  whole 
would  be  lost  ? — ^Yes. 

1777.  Bat  that  is  not  a  desirable  state  of  tliines  ? — 
No. 

1778.  Do  you  think  that  sufficient  attention  has 
been  given  to  that  matter  ? — I  am  now  speaking  of  a 
great  number  of  years  ago.  Supposing  tiua  to  be  the 
sea  (poutting  to  the  plcn),  if  you  work  all  along 
under  the  shore  yoa  cannot  then  begin  and  cat  off  the 
commanicati<m. 

1779.  Do  you  understand  that  they  intend  to  work 
coiJ  anywhere  to  the  extent  of  about  diree  milea  from 
the  shore  on  the  Durham  coast  ? — Yes. 

1780.  Will  there  be  any  restriction  as  to  leaving 
barriers  ? — ^Yes.   It  is  let  in  patehes. 

1781.  And  that  is  by  arrangement  between  the 
lessee  and  the  lessor  ?— Yes.  The  Crown  being  the 
lessor  may  impose  any  conditicHi  of  that  sort  which 
it  likes. 

1782.  Between  high  and  low  water  mark  the  pro- 
perty belonging  to  the  owner  of  the  adjoining  huid 
would  not  be  under  the  control  of  the  Crown  ? — 

No. 

1783.  So  that  the  whole  mischief  ndght  be  done 
between  high  and  low  water  mark  ? — Yee. 

1784.  Might  diere  not  be  some  restriction  as  re- 
garded that  portion  of  the  sea  between  the  flowing  of 

the  tides  ? — I  think  that  it  ought  not  to  be  thrown 
into  common  all  along.  It  comes  to  the  same  thing. 
If  you  work  to  high-water  mark  all  along  the  coast 
you  do  the  mischief  in  the  same  way. 

1785.  Then,  so  far  as  it  extends,  thet«  might  be 
some  restriction  i*— I  think  that  it  is  too  late  in  scmie 
cases  now. 

1786.  (Mr.  Geddes.)  That  would  only  involve  the 
Grovemment  portion  ?— -Yes  ;  unless  you  bind  Ibem 
to  leave  barriers  on  the  land  side  as  well,  sea  bar- 
riers are  of  no  use.  But  in  the  county  of  Dorham  I 
do  not  think  &at  there  need  be  any  fear  on  that 
bead. 

1787.  (Mr.  Woodkmue.)  If  I  understand  you 
rightly,  to  make  the  works  apparentiy  secure,  you 
must  iwve  two  winnings,  one  to  the  rise  of  the  sea 
and  the  other  under  the  sea,  because  if  tiie  sea-watw 
breaks  in  anywhere  it  will  drown  out  the  rise  work- 
ings equally  with  the  dip  ? — ^Yes  ;  you  must  preserve 
your  boundary  irom  the  seap^hore  right  away  land- 
wards, or  you  must  have  a  second  shaft  here  {point- 
ing to  the  plan)  and  have  it  independent. 

1788.  (Mr.  Geddes.)  Have  you  any  reason  to  anti- 
cipate that  the  rise  of  the  Northumberland  coab  will 
come  up  against  the  sea  steeply  ? — Not  steeply ;  but 
they  are  rising  seaward  at  Blyth. 

1789.  (Chairman.)  At  what  inclination  ?— Not 
more  than  1  in  36. 

1790.  They  are  just  beginning  to  take  a  tnm^ 
Yes. 

1791.  (Mr.  Geddet.)  Are  you  working  coal  on  that 
rise  now? — Yes;  but  we  do  not  wo»  under  the 
sea. 

1792.  (Chairman.)  The  sea  will  be  deeper  as  yoa 
get  farther  out  ? — There  is  no  very  deep  water. 

1798.  (Mr.  Geddet.)  How  far  seaward  would  that 
leave  you  for  the  crop  of  the  coal,  supposing  it  to 
continue  at  that  angle  ? — A  very  considerable  distance, 
because  in  this  district  the  seams  are  flat  till  they 
come  near  the  outcrop,  and  then  perhaps  a  rise  of  60 
or  70  fathoms  takes  place  in  half  a  mile. 

1794.  The  workings  do  not  always  end  in  a  nnilbnn 
line,  08  yonr  plan  here  shows  ? — No. 

1795.  They  ai-e  very  jagged,  and  you  might  in  one 
place  leave  30  yards  of  pillar,  when  in  anouier  direc- 
tion yon  might  hcAe  through  ? — 1  think  not  if  your 
bore-holee  were  properly  disposed. 


The  witnesB  withdrew. 
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Spttem  of  Working. 

1796.  (CAotrmcM.)  Ton  are  a  minbg  engioeor  ? — 

Yea. 

1797.  Eeaiding  at  Mold  ?— Tee,  in  Flintshire. 

1798.  I  bdiere  that  you  are  practising  principally 
ia  North  Wales  ? — Principally  in  North  Wales. 

1799.  In  former  years  the  collieries  at  Neston  on 
the  Cheshire  side  of  the  riTOr  Dee  were  worked  by 
your  father  ? — They  were. 

1800.  And  I  believe  that  as  a  young  man  yon  had 
opportnnities  of  seeiiig  the  undersroand  workings 
there  ? — Yes ;  I  was  brought  vp  ttiere  along  with 
mj  f atbo*. 


3  B 


1801.  They  were,  I  believe,  worked  under  the 
estuary  of  the  Dee  ? — They  were. 

1802.  Will  you  describe  to  us  the  system  of 
working  which  was  practised  there  ? — I  have  here 
ft  small  plan  which  shows  the  system  on  which  we 
worked.  This  is  a  sketch  from  our  colliery  works. 
The  ahoils  were  sunk  on  the  shore  of  the  river  Dee, 
and  tunnels  were  driven  under  the  river  to  intersect 
the  various  seams  of  coal  dipping  under  it,  and  from 
which  tunnels  the  coal  was  worked.  The  coal  was 
worked  on  the  board  and  pillar  or  pillar  uid  stall 
system,  the  pillars  being  on  the  average  20  yards 
wide,  and  the  boards  9  feet  wide.  The  length  m  the 
pillars  varied  from  40  to  $0  yutb.   They  were  cut 
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throngh  at  intemds  of  perh^  30  yards,  and  sub- 
'"'aL'^^   sequently  worited  buck.    The  d^  of  the  shafts  was 
'  55^  yards  from  the  sar&ce«  and  the  coal  was  reached 

10  Feb.  1069.   niiuei'  ^be  river  at  that  depth  and  worked  to  the  rise^ 
to  within  about^  say,  30  ywds  of  Ihe  snrfoce. 


^  SHORE  orTHC  RIVER  OU. 


1803.  Was  it  aU  worked  out  ?— Fraetically  it  was, 
there  might  hare  been  some  small  portion  of  .Uie 
{ollarB  left. 

1804.  Did  you  find  that  it  fell  up  to  the  surface  in 
some  instances  ? — ^No  ;  we  never  found  amy  sign  of 

snbsidence. 

1805.  (Mr,  Geddes.)  How  neu>  to  the.  river  did 
you  work  ? — About  30  yards. 

1806.  Did  you  observe  any  subsidence  at  all  ?— Noj 
and  we  never  had  any  river  water  upon  us. 

1807.  Was  the  water  in  the  mines  at  all  salt  ? — "No; 
it  was  merely  of  the  usual  brackish  tuste. 

1808.  Was  the  load  of  water  in  tiie  mine  heavy  ? — 
No ;  a  9-inch  pump,  working  at  a  very  moderate  speed, 
entirely  drained  il  to  the  very  bottom. 

1809.  {Chairman.)  Of  what  was  the  bed  of  the 
estuary  composed  ? — Sand,  and  a  stiff  red  clay  was 
the  substratum,  formed,  I  fancy,  by  the  disintegnrtion 
of  the  Bed  Sandstone  of  Cheshire. 

1810.  Impervious  to  water  ? — Impervious' to  water. 
My  father's  theory  was,  ithat  it  might  sink  or  subside, 
but  would  not  break  through. 

1811.  {Mr.  Geddes.)  What  was  the  depth  the 
clny  ? — I  believe  that  in  some  cases  we  bored  through 
15  and  16  yards  of  solid  clay  before  we  came  to  the 
Coal  measures. 

1812.  {Chairman,)  Then  you  nearly  worked  up  to 
^8  clay? — dare  say  that  insane  cases  the  woikii^ 
did  nearly  approach  it. 

1813.  In  the  adjoining  colliery  to  the  rise,  wfaich 
was  worked  by  Mr.  Stanley,  I  think  that  the  workings 
were  very  near  to  the  surface,  and  in  one  instanro  up 
to  the  actual  bed  of  the  river  ? — Tea,  they  were. 

1814.  Do  yon  know  whether  it  became  silted  op?— 
Yes.  No  trace  was  to  b^  found  of  it  forwards,  because 
the  mines  were  wo^ed  long  subsequently  to  that. 

1815.  A  &11  did  take  place  up  to  the  surface,  but 
it  became  silted  up,  and  only  to  a  veiy  slight  extent 
affected  the  workings  to  the  deep  ? — do  not  believe 
that  it  ever  affected  them  at  all. 

1816.  Not  so  aa  to  let  the  water  down  ? — No  ;  some 
little  water  on  one  or  two  occasions  was  let  in  by 
those  crownings,  but  it  was  always  pumped  out,  and 
it  never  caused  any  serious  injury  to  the  mine. 

1817.  (Jtfr.  Geddes.)  What  was  the  the  dip  of  it?— 
It  was  on  the  average  about  1  in  7. 

1818.  Under  the  river  ? — ^Tes  ;  dipping  from  the 
shore  in  a  north-westerly  direction  towards  Mostyn. 

1819.  {Chairman.)  The  six-fbet  coal  of  which  ^ 


have  Bpoken  was  not^  I  fhinkt  the  onty  osal  worked  is 
those  coUieriea  ? — ^No;  the  Bix-fiBeteoalwaa  Itehigheid 
vo^ed  in  the  series,  tiien  die  fire-feet  coal,  80  yards 
below  that,  was  worked  underneath  it  in  a  similar 
manuer  ;  and  in  the  adjoining  colliery,  on  the  rise  of 
which  we  have  been  speaking,  namely,  the  Ness  Col- 
liery, the  five-feet  below  the  six-feet,  and  the  seven-feet 
25  yards  below  the  five-feet,  and  the  two-feet  30  yardi 
below  the  aevea-feet,  were  woiked  out  in  a  similar 
manner. 

1820.  (Mr.  Geddei.)  Are  these  landward  col- 
lieries ? — ^No  ;  they  are  all  under  the  estoary  of  the 
Dee. 

1821.  Were  they  all  worked  upon  the  same  system?— 
Tes,  all  upon  the  board  and  pillu-  system. 

1822.  And  working  back  ? — Tes ;  and  the  whole  ot 
the  oosl  was  extracted  as  nearly  as  could  be  by  the 
then  system  of  working.  The  levels  were  driven  oat 
to  a  very  great  extent  uiderAeiiTer ;  in  Uie  two-feet 
coal  I  Aate  say  upwards  of  2,000  yards,  and  in  the 
six  feet  coal  upwards  of  1,000  yards.  This  is  a  rough 
plan  of  the  shore  of  tiie  Dee,  showing  the  ^afts,  and 
the  mode  in  which  the  coal  is  worked.  {I^-odueing 
the  same,  and  explaining  it  to  ike  Committee.) 
Parallel  with  the  shore  of  the  river  Dee  was  a  fault 
40  yards  downcast  east,  causing  a  variation  in  the  dip 
of  the  measures,  so  that  a  shafl  sunk  on  one  side  of  the 
fault  won  the  other  measures  tiu^ugh  the  fault  The 
dip  is  north-east  on  the  land  side  of  the  fault  side,  and 
north-west  on  the  other,  and  the  rise  of  thecal  is  in 
this  direction,  south-east  (pointing  to  the  plan),  to  the 
bonndaiy. 

182S.  Under  the  river  ?— Yes ;  it  is  all  under  the 
river. 

1824.  (Chairman,)  Ati  present  tiieae  collieries  ire 
not  being  worked  ? — ^No. 

1825.  Is  there  any  cause  for  that  ? — The  reason  why 
the  Ness  Colliery  was  given  up,  was,  I  believe,  that  it 
was  presumed  to  be  eiEhaueted,  as  far  as  regards  the 
two-feet,  the  seven-feet  ooai,  and  the  five-feet. 

1826.  Then,  as  regards  the  Neston  Colliery,  what 
was  the  case  ? — Owing  to  achahcery  suit  in  which  mj 
ancestors  were  concerned  it  was  sold,  and  was  nerer 
revived. 

1827.  The  river  course  has  become  silted  up  there  ?— 
Yes  ;  all  the  portion  under  which  these  little  crowDiogi 
in  took  place  is  now  marsh  land. 

1828.  The  river  is  leaving  its  original  coiurae,  then, 
ihere  ?— Yes,  and  going  over  to  the  opposite  side. 

1829.  There  was  no  raalwmy  c<»ttmunication  in  thoie 
days  ?— 'There  was  not ;  we  were  dependent  entirely 
upon  local  sale  in  those  days,  which  was  very  small. 

1830.  Possibly  hereafter  there  may  be  a  large  snpplj 
of  coal  drawn  from  underneath  that  eatuwy  ?— 
Yes.  Underneath  these  workings  (pointing  to  the 
plan)  we  have  the  seven-^feet  coal  uid  the  two-feet  oosl 
untouched  ;  the  five  and  six-feet  have  been  only  par- 
tially worked  ;  and,  judging  from  the  Flintshire  coals, 
I  presume  that  there  are  allthese  coals  as  well.  (Poui^ 
ing  owl  the  samie  on  section.)  As  we  dip  to  the  nortb- 
west  towards  'iSo^tyn  we  find  othw  new  ranges  coming 
in  above  the  six-feet  coal,  which  of  course  crop  out  to 
the  rise,  but  wiU  be  available  to  the  dip.  We  hare 
also  several  seams  of  coal  below  the  two-feet. 

1831.  {Mr.  Geddes.)  Jb  it  contemplated  to  deepen 
these  shaffes  (pointing  to  the  plan),  or  to  have  new 
shafts  to  reach  the  lower  seams  ? — I  cannot  say.  I  hsre 
not  heard  anything  of  its  being  reopened,  though  it 
has  been  talked  about. 

1832.  There  is  no  colliery  thete  now  ? — ^No.  Thi> 
is  a  section  down  to  the  six-feet  coal  (producing  the 
same),  by  which  you  will  see  that  the  six-feet  is  the 
first  workahle  coal  that  we  arrive  at 

1833.  What  quality  of  coal  is  it  ? — Partly  etesm 
and  partly  bituminous ;  the  upper  portion  of  it  is  » 
bituminous  coal,  and  then  there  is  a  band  of  splint 
a  free  burning  coal,  and  then  a  )>itnmittQas  coal 
below. 

1834.  (Chairman.)  As  regards  the  syHtem  of 
working  in  North  Wales,  about  Mold  And  tihat  neigh- 
bourhood, what  system  of  working  is  practised?— 
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The  usnai  system  is  bou-d  and  pillAr  \  it  has  been  bo, 

00  far.  I  do  not  think  that  the  long-walt  system 
has  been  introduced  at  all,  or  at  taxf  rate  not  Bob- 
BtanUatty. 

1886.  But  in  other  parts  of  North  Wales  it  has 
been  introdnced  ?— Yes.  In  the  Wrexham  and 
Buabon  district  it  is  used  almost  exclusively. 

1836.  {Mr.  GeddtM.)  Do  yon  know  the  Chirk 
Collieries  ?— Yes. 

1837.  What  is  the  system  which  is  adopted  there  ? 
— beUeve  that  it  is  a  combination  of  the  two.  I  have 
seen  long<waU  working  there,  which  appeared  to 
answer  well ;  and  also  board  and  pillar,  which  ap- 
peared to  answer  well  Hkewise. 

1888.  {Chaimtan.')  In  your  practice  in  the  ne^h- 
bourhood  of  Mold,  have  you  found  that  the  plans  of 
the  old  workings  are  not  in  erery  instance  to  be  had  ? 
— Yes ;  and  many  of  the  old  plans  are  very  inaccurate ; 
they  have  been  proved  to  be  inaccurate  of  late  years. 

1  have  a  case  in  hand  now,  where  a  large  quanti^  of 
two-yard  coal  -has  been  worked,  but  nobody  knows  by 
whom ;  there  is  no  account  of  its  having  been  worked, 
and  no  realty  has  been  paid  tar  it. 

1889.  Yon  have  ascertuned  the  particulars  in  that 
portion  of  Flintshire,  and  have  made  it  your  business 
to  inquire  as  to  what  records  there  are  ?— -Yes. 

18W.  And  yon  have  found  thai  in  many  instances 
the  reetffds  are  very  imperfect  ? — ^Very  imperfect 
indeed. 

1841.  Has  it  occurred  to  you'  that  some  system  of 
record  might  be  resorted  to  with  advantage  ? — It 
certainly  ought  to  be,  I  think,  and  might  1>e  advan- 
tageously done. 

1842.  You  heard  what  Mr.  Forster  said  on  that 
point  ? — Yes. 

1848.  Do  you  t^ree  with  him,  thaC  it  would  be 
better  that  the  records  should  be  locally  kept  rather 
than  in  one  central  d^)6t? — I  do. 

1844.  The  subject  is  so  large  that  one  establish- 
ment .could  not  ^rly  grapple  witih  it  so  as  to  under- 
stand it  ? — X  do  not  thmk  that  it  conld. 

1845.  Many  of  the  pUns  require  some  littie  e^t- 
planatl(HQ,  or  some  local  knowledge  to  understand 
them?— Yes. 

1846.  Therefore,  if  anything  o^  the  sort  were  es- 
tablished, you  think  it  better  to  be  local  ? — Yes  ;  for 
instance,  you  might  make  Cheater  the  local  depdt  for 
our  North  Wales  district,  and  so  on. 

1847.  In  the  present  system  of  working  the  coal 
in  Flintshire,  does  much  loaa  take  place  ? — In  some 
instances  it  does.  We  are  very  peculiarly  situated. 
Our  ground  is  excessively  &ulty,  and  in  consequence 
of  that  we  lose  more  than  we  shonld-do  if  tixe  coal 
were  clean  waA  regular. 

1848.  Is  tJie  main  coal,  for  instance,  year  principal 
bed,  worked  in  wliai  yon  would  c^  a  succesuiil 
TDXxmer  ?— Yes. 

-  1849.  What  proportion  of  that  would  be-  left  be- 
hind ?— Of  the  main  seam  itseilf  I  do  not  think  that 
there  would  be  verr  much  left  bdiind,  except  in  the 
way  of  slack  ;  perhaps  10  or  12  per  cent,  is  left  in 
the  mine  of  the  very  smallest  coal,  and  is  put  in 
the  roads  under  the  rails,  or  thrown  into  the  waste, 
and  so  on  ;  but  the  lower  portion  of  that  coal,  what 
we  term  the  bench  coal,  is  left,  because  it  is  not  con- 
sidered worth  working  ;  bench  coal  Of  one  yard  is 
left,  because  it  is  conadered  unworkable. 

1850.  Is  that  because  tiie  quality  of  the  co^  is 
poor  ? — ^Yes ;  there  is  a  great  deal  of  pyrites  in  it. 
Thue  is  a  yard  of  shale  and  two  yat^s  of  warrant 
between  the  main  and  the  bench. 

1851.  What  other  loss  is  tihere }  are  Uiera  any 
pillars  left  in  the  workings  ? — ^Not  that  I  cm  aware 
o£  We  are  not  obliged  to  leave  pillars  for  the  support 
of  the  Borfttoe,  so  fin- as  I  understand.  ■  ■ 

1852.  In  ^e  dd  Coed  Talon  WOTkings  there  was 
a  r^ular  Eastern  of  leaving  piDars  ? — ^Tes;  bntl-titink 
that  most  of  them  were  recovered  afterwuxls.  - 

1853.  As  a  rule,  you  do  not  leave  pillars  ?-~-No.  In 
some  of  the  modem  leasee  the  lessees  are  tied  down 
to  leave  pillars  of  a  certain  width  to  support  cfaurefaes, 


schools,  mansions,  and  so  on  ;  but  not  with  r^ard  to 
cottages  and  buildings  of  that  description. 

1854.  Will  you  tell  us  generally  irtutt  inftmnation 
yon  have  to  give  tiie  Committee  upon  the  subject  of 
the  workii^  of  coal  in  North  Wales,  and  whether  there 
are  any  improvements  which  might  be  introduced  ? — 
I  do  not  know  that  there  is  any  other  system  tiian  that 
which  ift  adopted,  which  oonld  be  adopted  with  bene6<> 
so  for  as  I  have  seen.  Iliere  is  no  donbt  now  a  much 
better  supervisifm  and  management  than  we  have  had, 
and,  had  this  been  the  case  formerly,  a  great  deal  of  the 
coal  which  has  been  wasted  in  some  of  the  seams 
would  have  been  saved,  and  now  that  we  are  getting 
a  better  system  of  management  into  the  country,  the 
seams  are  worked  more  economically  than  they  were. 
As  a  rule  formerly  they  were  worked  by  the  charter 
system,  and  were  left  almost  entirely  to  the  men  them- 
selves. There  was  very  little  care  taken.  In  many 
cases  the  viewers  never  went  down  the  pits  more 
than  once  in  six  months,  and  the  over-men  once  a 
month,  perhaps.  The  consequence  of  which  was,  that 
the  coal  was  very  badly  worked,  and  a  deal  lost ;  but 
of  late  years  that  system  has  been'  abandcmed,  or 

much  improved  and  modified. 

1855.  {Mr,  Gedeteg.)  There  Is  more  supervision  on 
the  port  of  1^  owners  and  agents  ? — Tes. 

1856.  (Chamman.)  The  mem  fonnerly  looked  after 
tbems^ves  ? — ^Yes. 

1857.  {Mr.  Geddes.)  There  arc  no  stipulations  in 
your  leases  as  to  the  mode  of  working  the  coal  ? — 
No ;  there  are  merely  general  clauses,  that  it  shall  be 
worked  fairly  and  to  the  bedt  advantage.  It  was,  I 
suppose,  considered  that  the  proprietor  would  work  it 
to  the  best  advantage  to  himself,  and  therefore  to 
that  of  the  owner.  The  main  coal  was  worked  there 
in  what  was  called  wicket  work ;  two  or  three  levels 
were  driven  out  ftom  the  shaft,  and  openings  were 
driven  at  10  or  Id  yards  ftom  each  other  above  tJiem, 
and  they  were  gradaally  widened  towards  each  other, 
till  tiie  whole  face  of  the  coal  was  opened;  small 
pillars  were  left  to  Hie  rise  to  support  ^e  roof.  The 
modem  system  of  working  is  the  r6^;ular  ptllar  and 
Stan  system,  leaving  the  pillars  about  20  to  25  yards 
iu  length  by  12  or  15  yards  wide,  and  cross  cutting 
them,  and  bringingthem  back  in  proper  proportion. 
This  is  the  Euloe  Hall  Colliery,  Buckley  ^tainting  to 
the  plan). 
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1858.  Did  you  get  all  the  pillars  badk  in  that  way? 
— I  believe  mat  most  of  them  wore  got  back.  I  have 
been  in  some  of  the  old  workings  which  have  very 
much  fallen  in,  and  as  a  rule  I  did  not  find  any  trace 
of  a  ptllar  left.  The  two*yard  coal  was  worked  in 
the  same  way,  and  the  Brassey  coal  between  was  a 
thinner  seam,  and  they  worked  it  as  best  they  could. 
The  Cattnel  of  late  years  has  been  opened  on  the 
pillar  and  stall  system,  and  I  believe  that  in  one 
instance  the  long-wall  system  was  tried  at  Leeswood 
Green  Colliery,  but  for  some  reason,  I  don't  know 
why,  it  was  discontinned. 

1869<  Is  the  Oannel  of  a  good  quality  ?— It  is  of  a 
very  good  quality  ;  it  is  very  rich  in  oil. 

1860.  How  thick  is  the  Cannel  ?— The  average 
section  is  abont  fourfoet  three  inches;  in  some  places 
it  is  four  feet  eight  or  nine  inches.  There  are  four 
dfflferent  layers  of  it ;  the  top  one  is  the  Smooth  Cannel, 
which  is  similiff  to  the  ordinary  Cannel  of  Lanca- 
shire ;  then  there  is  the  Curly  Cannel,  which  is  very 
highly  bituminous  ;  then  below  that  there  in  a  Shale 
or  Bastard  Splint  which  is  also  bituminous,  but  not  in 
the  same  proportitm  as  the  Cariy  or  the  Smooth  ;  and 
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below  that  there  ib  a  aeua  of  Black  Band  Iron- 
stone, which  i8  slightly  bituminous,  apd  yields  about 
12  to  15  per  cent,  of  iron  when  calcined  ;  that  makes 
the  whole  seam  about  four  feei  three  incheti  to  four 
feet  six  inches  thick. 

1861.  Has  any  of  that  coal  been  applied  to  oil 
making? — Yes  ;  that  is  the  principal  use  to  which  it 
has  been  applied  ;  it  also  yields  very  good  gas. 

1862.  {fikmrman:)  The  oil  trade  haa  been  rather 
over  done,  has  it  nbt?— It  has,  but  it  is  getting  better 
norr. 

Co€U'produced  per  Foot  per  Acre. 

1863.  In  the  eastern  part  of  Flintshire^  what  do 
you  consider  i»  the  avera^  prodnce  of  the  seams  p^ 
foot  per  acre  ? — For  the  sake  of  nicety,  I  have  taken  it 

at  1,450  tons  to  tLe  foot  on  the  average. 

1864.  You  seldom  obtain  that  quantity? — We  do 
not  obtain  that ;  that  is  merely  the  ordinary  oomputa- 
tion  ;  we  do  not  obtain  on  the  average  above  1,000  or 
1,100  tons. 

1865.  Perhaps  1,000  tons  per  foot  per  acre  would 
be  a  &ai  average  in  that  part  of  North  Wales  ?— Yes, 
quite  fair. 

1866.  {Mr.  Geddet.)  You  get  that?— Yea,  in  Urge 
and  small ;  about  two  diirds  lai^e  and  one  third  small. 

Order  of  Working  the  Seams, 

1867.  {Chairman.)  Is  any  order  observed  as  to  the 
mode  of  working  the  seams  ?— No. 

1868.  There  is  no  stipulation  in  your  leaaea  to  that 
efifect  ?— No. 

'  1869.  Does  tiie  custom  of  the  district  bear  upcm 

it  ? — ^No  ;  the  rule  is  for  every  man  to  get  the  best  coal 
first,  and  to  leave  the  rest  to  others.  I  believe  that 
some  new  leases  which  are  being  granted  by  Sir 
Stephen  Glynne  contemplate  a  new  system  of  working 
in  regular  descending  order  ;  but  I  cannot  think  that 
would  be  beneficial  to  either  the  landlord  or  to  the 
proprietor.  There  is  no  doubt  that  in  working  a  deep 
seam  it  crushes  the  seams  above  it ;  at  least  we  have 
proved  it  to  be  so  in  that  district. 

1870.  With  what  thickness  of  strata  between  ?-~ 
The  main  coal,  at  an  average  of  10  feet  6  indies  thick, 
at  a  depth  ftom  the  surface  of  140  yards,  was  worked  at 
Coed  Talon  and  it  lowered  ^e  sur&ce  in  some  places 
four  feet,  and  we  have  evidences  almost  daily  in  the 
country  of  the  lowering  of  the  sur&ce  in  different 
places. 

1871.  Then  you  found  that  the  overlying  seams  of 
coal  were  damaged  in  many  places  ?— Yes ;  in  fact 
in  many  places  the  two  yard  and  brassy  cmtls  were 
unworkable  in  consequence  of  having  wta-ked  the  main 
coal  underneath. 

1 872.  Would  not  that  rather  go  to  show  that  a  system 
of  working  the  coal  in  descending  order  was  desir- 
able?-— It  would  certainly  in  one  respect,  as  regards 
working  the  whole  of  them,  but  then  it  becomes  a 
question  of  working  the  coal  which  you  sell  to  a  good 
pn^t,  and  leaving  the  others,  which  you  cannot  sell 
to  a  profit ;  the  other  coals  were  so  far  inferior  to  the 

.  main  that  the^  were  then  unsaleri>le. 

1873.  I  believe  that  you  are  oocauonally  called  in 
by  landlord  as  well  as  bythe  woricers  of  the  codiieries  ?— 
Yes. 

1874.  And  in  their  leases  you  have  not  had  any  such 
restrictions  as  to  the  order  of  working  the  seams 
inserted? — No. 

1875.  The  custom  of  the  country  up  to  this  time 
has  been  against  it  ? — Yes. 

1876.  (ifr.  Geddes.)  Have  you  reason  to  think  that 
there  are  deeper  seams  than  the  main  coal  ? — Yes ;  we 
have  proved,  as  you  will  see  by  this  section,  several 
deeper  seams  down  to  the  canueL  This  is  a  section  from 
the  surfiice.  The  first  workable  coal  is  the  crank 
coal,  one  foot  three,  which  is,  however,  not  worked. 
The  next  is  the  brassey  coal,  four  fee^  which  has 
been  worked  ttctensively.  The  two-yard  coal  in  Uiia 
section  ia  sqneeied  out ;  there  is  no  sign  of  it  at  aU. 
Then  we  come  to  the  main,  which  has  been  nearly  all 
nmrked  out  in  that  district. 


1877.  {Chmrman.)  Is  the  top  coal  got  out  dean  ?— 
Yes  ;  main  coal  itseL^  but  the  bench  oool  is  left  ai 
being  unworkable. 

1878.  {Mr,  Geddes.)  Why  ?— Because  it  is  full  ol 
pyrites  and  earth  and  foul  matter.  Them,  comes  thr 
pin  coal  which  has  not  been  worked,  and  below  that  Lf 
the  dirty  coal,  a  yard  thick,  which  is  very  salphnroo- 
and  earthy  ;  that  has  not  been  worked.  Then  we  ecme 
to  the  double  coal,  of  which  the  upper  p(»iion,  fi  ve-f^^t, 
is  good  and  workable,  but  the  two  lower  bands  are 
poor ;  the  fireclay  between  the  two  is  very  good. 

1879.  {Chmrman^  Is  the  coal  really  poor,  or  is  i: 
the  ^cknesB  of  the  day  betwem? — Tbeco^  is  c-f 
a  poor  nature  itself;  it  is  of  a  cloddy  nature. 

1880.  {Mr.  Geddes.)  Do  not  these  come  together 
in  some  culieries  ?— No;  ^uj  preserve  fheir  distance: 
Then  the  yard  coal  above  tos  cannel  is  a  very  lair 
coal ;  it  is  however  not  worked. 

1881.  Is  there  any  reason  for  that  ? — ^No  ;  except 
that  the  demand  has  not  been  sufficient.  Then  we 
come  to  the  cannd  coal  97  yards  below  the  main, 
that  is  a  very  poor  section  of  the  cannel  coal,  owixg 
to  a  fault  crossing  the  shaft. 

1882.  Have  you  anytiiing  below  that  ? — ^Below 
that  we  have  a  coal  three  feet  to  four  feet  thick, 
which  is  being  worked  in  several  places  ;  the  qnalitf 
is  not  very  good,  but  it  makes  a  &Si  coke. 

1883.  Draper  still  have  you  anything? — Deeper 
still  we  have  jaroved  nothing,  and  I  do  not  think  tliat 
there  we  any  seams  of  value  below,  the  ontcnft 
o£  the  miUBtone  grit  is  so  dose  to  us. 

1884.  Are  thwe  reserves  o£  coal  yet  renuuning? 
— Tes,  in  unwoiked  seams,  althot^h  tlM  best  <^  the 
coal  has  gone. 

1385.  {Chairman.)  The  coal  in  the  neighbourhood 
of  Mold  is  to  a  great  extent  worked  out  ? — Xes  ;  of 
course  there  are  large  patches  of  unjaoTed  grouul 
which  may  oimtun  coal,  although  it  is  very  doubtfvi. 

General  Matters. 

1886.  Is  there  anything  which  you  would  wi^  to 
add  as  regards  the  preservation  of  {dans? — I  will 
merely  state  that  as  regards  the  old  workings  of  the 
Little  Neston  coals,  I  have  the  only  plans  in  existence, 
and  nobody  else  has  any,  so  that  anybody  worldug 
to  the  deep  would  have  no  guide  at  all  as  to  iriiat 
was  above  on  the  rise^  and  that  shows  most  forcibly 
the  necessity  of  some  system  of  preserving  the  plans 
in  a  proper  way, 

1887.  It  should  scarcdy  be  left  to  the  care  of  *a 
individual  ? — Certainly  not.  All  the  plans  of  the  old 
workings,  in  the  case  which  I  have  mentioned,  are  is 
my  possession,  and  nobody  else  has  any  account  of 
them.  I  think  that  it  should  be  to  a  certain  extent  com- 
pulsory to  file  duplicates  of  the  plans  and  sections, 
with  references,  in  all  those  cases,  as  is  done  in  Belgiam 
and  France. 

1888.  {Mr.  Geddes.)  As  to  plans  being  reewded, 
do  you  i^prehend  any  difficulty  on  the  part  of  owners 

,  or  lessees,  that  any  secrets  would  be  got  at  by  thit 
means  which  they  would  not  like? — No;  I  do  not  fear 
anything  of  the  kind  at  all.  If  all  men  work  honestlr 
ana  &iiiy,  why  sliould  not  the  wwkings  be  recorded  f 
It  maj  be  the  cause  of  saving  a  great  deal  of  lift 
and  of  property  hweafter. 

1889.  {Chairman.)  There  might  be  some  restric- 
tion as  nu;BrdB  the  laying  open  of  the  plans  to  the 
pubhc  ;  for  instance,  that  they  should  only  be  bad  (a 
a  special  purpose  ? — Just  so.  I  do  not  say  that  the 
plans  so  deposited  should  be  open  to  inspectioo  by 
everybody,  without  proper  cause  or  reason. 

1890.  And,  pwh^is,  not  for  purposes  of  at^timis  ?— 
Just  so ;  because  that  might  give  rise  to  a  great  iIbbI 
of  vexatious  litigation  is  many  ways  ;  but  still  I  think 
that  if  a  person  was  going  to  <^n  a  coUieiy  be 
should  be  able  to  inspect  plans  and  Beotions  o(  the 
cdlieries  <m  the  de^  and  on  the  rue. 

1891.  {Mr.  Woodhoute,)  Thatis  to  si^,  in  sepinte 
pnmerties  ?— Yes,  In  fact  there  have  been  soioua 
accidents  frnn  the  vrant  of  saoh  evidMice  md 
reference. 


Ih9  witoeM  withdrew. 
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1892.  {Chairmetn.)  You  are  a  mining  engineer, 
practising  in  different  parts  of  tbe  coan^,  both  in 
England  and  in  Wales  ? — ^Yes  ;  chiefly  in  North  Wales 
and  Staffordshire. 

1 893.  I  think  that  you  have  the  chief  management 
of  Mr.  Grcorge  Elliot's  collieries  in  those  districts  ? — 
Yes  ;  I  manage  all  his  collieries  in  those  districts ;  the 
Harecastle  colliery  in  Staffordshire,  and  the  Haumer 
colliery  in  North  Wales.  I  am  also  consulting  engineer 
at  the  Westminster  colliery  in  Denbighshire. 

1894.  Will  you,  in  as  concise  a  form  as  possible, 
give  as  some  particulars  as  to  the  system  of  working 
which  is  practised  in  these  districts  ? — will  first  take 
the  Hanmer  colliwy  in  Korth  Wales. 

1895.  That  is  ramer  an  important  one;  diat  is  being 
worked  under  the  estuary  of  tbe  Dee  cHi  the  opposite 
side  to  that  which  Mr.  Cottingbam  has  been  describ- 
ing ? — Yes  ;  it  is  not  quite  opposite  ;  it  is  a  little 
further  west  The  seams  dip  in  the  opposite  direction 
to  those  at  Neeton. 

1896.  They  dip  in  the  opjrasite  direction  as  though 
t^e  centre  of  the  basin  was  in  the  centre  of  the  river  ? 
—Yes. 

1897.  But  it  has  not  yet  been  proved  to  be  in  the 
centre  P — Tt  bag  not.  This  is  the  Letty  pit  at  Hanmer 
colliery.  It  is  sunk  to  a  depth  of  135  yards,  and 
from  uie  bottom  of  the  shaft  we  have  a  stone  di-ift, 
driven  across  the  measures  in  the  line  of  the  fhll  dip 
for  a  distance  under  the  estoanr  of  80(>  yards.  Tho 
pit  is  bottomed  at  what  is  called  the  three-quarter 
coal,  which  is  the  lowest  workable  coal  found  in  this 
district.  The  stone  drift  touches,  in  £tulty  ground,  at 
148  yards,  the  Bychton  two-yard  coal,  aud  at  250 
yards  that  seam  is  cut  in  a  workable  condition.  At 
358  yards  we  cut  the  soft  five-quarter  cool.  At  678 
yards  we  cut  what  is  called  the  little  coal,  two  feet 
thick.  At  638  yards  we  cut  the  hard  five-quarter 
coal.  At  719  yards  wo  cut  the  stone  coal.  At  765 
yards  we  cut  the  Durbog  coal,  and  then  the  two-yard 
Mostyn  coal  is  cut  at  about  800  yards.  That  is  as 
for  as  we  have  the  stone  drift  extended. 

1898.  Is  the  latter  the  uppermost  seam  which  yon 
have  proved  ? — ^Within  the  last  month  we  have  proved, 
at  the  same  level,  over  a  40-yard  firalt,  another  seam, 
which  is  called  the  three-yard  coal,  which  ia  85  yards 
above  the  two-yard  Mos^  seam,  but  we  cannot  waA 
that  three-yard  coal  at  the  present  tim^  in  conse- 
quence of  a  very  heavy  diachai^e  of  water,  which  is 
impregnated  by  sulphite  of  hydrogen  gas  ;  that  is  all 
under  water ;  under  the  estuary  of  the  Dee.  Tbe 
thickness  of  those  seams  is  as  follows :  taking  them 
in  ascending  order,  the  three-quarter  coal  is  two  feet 
three  thick ;  the  Bychton  two-yard  coal  is  divided, 
three  feet  six  of  top  coal,  six  inches  of  bass,  and  two 
feet  of  bottom  coat ;  the  soft  five-quarter  top  coal  is 
two  feet,  and  there  are  nine  inches  of  bass,  and  the 
bottom  coal  is  eleven  inches.  As  regards  the  stone 
coal,  there  are  four  feet  six  inches  of  top  coal,  and 
two  feet  of  shale,  and  the  bottom  coal  is  two  feet  six. 
The  Durb<^  coal  is  seven  feet  of  top  coal,  one  foot 
four  of  fir&Hslay,  and  two  feet  of  bottom  coaL  The 
two-yard  Mostyn  is  six  feet  thick  of  clean  coaL  The 
three-yard  coal  has  one  foot  six  of  cannel  at  the  tc^, 
and  three'  fbet  six  of  clean  good  house  coal,  then  there 
is  a  parting,  but  no  band,  and  at  the  bottom  there  is 
some  four  feet  thick  of  hard  steam  coal,  and  there  is 
a  two-inch  holing  at  the  bottom.  The  aggregate 
thickness  of  those  seams  is  43  feet  two  inches  ;  all  that 
thickness  is  worked.  The  bands  and  the  intervening 
shales  which  I  have  mentioned  have  an  aggregate  of 
four  feet  seven  inches,  and  then  there  are  two  bottom 
coals  not  worked,  making  a  thickness  of  five  feet. 
The  aggr^te  thicknesg  of  these  meamrea  is  52  feet 
nine  ox  coal  and  shale. 

1899.  That  is  the  thickness  of  the  measures,  with 
the  ground  which  yon  displace  in  working  ? — From 
the  52  feet  nine  foor  feet  aevea  of  bass  has  to  be 
deducted,  leaving  48  feet  two  inches  of  coal. 

18483.   Vol.  IL  3 
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1900.  What  is  the  system  of  working  which  yon  ^' 
have  adopted  underneath  the  estuary  of  the  Dee  in 

this  collieiy  ? — In  1861,  previous'to  Mr.  Elliot's  con-  lOFdi.  1U9. 
noxion  with  it,  there  was  an  explosion,  and  it  was 
drowned  up  for  one  year.  It  was  re-opened,  and  has 
since  been  worked  under  my  management.  We  com- 
menced at  first  working  in  tbe  hard  five-quarter  upon 
the  long-wall  system,  as  described  upon  this  plan,  and 
we  opened  off,  leaving  about  20  yards  of  pillar  above 
the  air  heading  ;  but  we  were  obliged  to  abandon  it. 
The  dip  of  the  measures  is  one  in  five,  and  we  found 
that  we  could  not  get  stuff  to  pack  the  roads  without 
brining  i't  a  considerable  distance  firom  the  gob. 
The  expense  connected  with  <he  keeping  up  of  the 
gob  roads  and  the  packings  caused  ns  to  abandon 
the  long-wall  system,  and  then  we  commenced  the 
ten-yard  drift,  or  what  is  commonly  called  Lancashire 
system.  We  drove  a  pair  of  up-brows,  as  shown  upon 
the  plan.  Then  we  drove  headings  ten  yards  apart, 
and  after  extending  those  headings  from  60  yards  to 
80  yards  on  each  side  of  the  up-brows,  we  took  back 
the  pillars,  two  on  each  side  simultaneously.  By  that 
means  we  were  able  to  do  without  timber,  and  we 
found  this  system  of  working  best  suited  of  anj  which 
we  had  attempted ;  it  was  worked  profitably  and  satis- 
factorily upon  that  principle.  We  found  that  the  long- 
wall  principle  would  not  do.  The  roof  was  vexj 
stubborn,  and  when  it  did  fall  it  gener^ly  fell  into 
the  fiice,  causing  a  considerable  loss  of  ecu,  and  ex- 
pense in  re-opening. 

1901.  Under  the  long-woU  system  yon  woold  take 
'oat  the  whole  of  the  cou  ? — ^Yes ;  and  also  undo-  this 
ten-yard  drift  system. 

1902.  At  what  depth  below  the  bed  of  the  river  ? 
— That  stone  drift  rises  at  the  rate  of  1  in  100,  and 
we  began  at  136  yards.  Upon  the  section  roo  wiU 
see  the  hard  five-quarter  coal.  There  would  be  about 
100  yards  of  cover  upon  the  seam. 

1903.  At  the  shallowest  part  ? — Yes. 

1904.  You  take  away  the  whole  of  the  coal  ? — ^Yes. 
We  have  not  worked  this  seam  extensively ;  our  i^ect 
was  to  prove  the  field,  and  to  keep  the  working  going 
to  srane  extent,  until  we  explored  the  fidd  forward  to 
the  thicker  aeams  above. 

1905.  In  the  working  of  Uie  other  Beanu,  have  yon 
left  piUara  ?— We  came  next  to  Hie  stone  coal ;  Haen 
is  about  80  yards  between  -Uiis  and  flie  hard  five- 
quarter.  We  commenced  the  same  system  there  ;  it 
seemed  to  us  to  be  equally  suited  for  the  long-wall 
working,  there  being  a  shale  roof,  ajid  the  coal  is  of  a 
convenient  thickness ;  but  we  found  that  the  long- 
wall  system  did  not  answer,  and  we  had  to  abandon 
it  there  also.  Then  we  drove  the  up-brows,  as  shown 
upon  the  plan,  and  worked  upon  the  Lancashire 
system,  taking  out  the  whole  of  the  coal.  We  came 
to  a  firalt  in  the  levels  on  the  south  side  (pointing  to 
the  plan\  about  500  yards  from  the  stone  drift ;  we 
meruy  drove  through  that  fault  into  tbe  hard  five- 
quarter  seam,  and  we  abandoned  the  district  for  the 
time  being. 

1906.  ui  this  seam  of  the  stone  coal,  of  which  you 
have  spoken,  have  you  worked  out  the  whole  of  the 
ccnl  ?— Yes.  The  whole  of  the  top  coal,  four  feet  mx 
inches  thick. 

19C7-  What  is  the  depth  from  the  surface  where 
the  highest  vrorkings  have  extended,  and  where  the 
whole  of  the  coal  has  been  taken  out  ? — The  stone 
coal  is  worked  up  to  between  80  and  90  yards  of  the 
surface. 

1908.  And  that  you  have  done  with  safety,  as  far 
as  things  have  gone  ? — Yes,  quite  so.  The  next 
seam  is  Uie  Durbog  seam  ;  that  seam  had -always 
been  wrought  ux»on  what  is  called  Hoe  narrow  wicket 
system. 

1909.  That  is  the  same  system  as  in  the  Mostvn 
colliery,  the  a^oining  collieiy  ? — Qnite  so.  Tha 
boards  are  driven  five  yards  widc^  and  a  pillar  is  left 
of  five  yards,  and  the  cnt-througha  are  aboiit  20  yai^la 
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Q  Apart.    We  laid  out  the  syatem  as  being  the  safest. 

if;  v.  Craig,  "There  is  a  soft  fire-day  between  the  two  cobIb.  We 
Etq.  hole  out  the  flre-claT,  and  simply  take  away  the  top 
part ;  that  is  seven  roet  thick,  but  about  six  inches  of 

10  Feb.  18«9;  that  is  lost  at  the  top.  The  system  of  working  is 
adopted  in  order  to  bring  the  creep  on,  so  as  to  avoid 
a  sudden  fall  and  fractores  to  the  surface ;  and  after 
it  comes  <m  we  abandon  fhs  district  for  some  tim^ 
and  allow  it  to  settle,  and  then  re-op«i  the  mam 
roads. 

1910.  Do  you  take  oat  any  of  the  pillars  ? — No. 
There  is  about  44  per  cent,  entirely  lost  in  pillars  ; 
that  is  in  addition  to  the  bottom  coal,  which  is  not 
worked  at  all ;  that  is  two  feet  thick.  This  Durb<^ 
Beam  (pointing  out  the  scone)  has  been  worked  in  this 
manner  to  within  50  yards  of  the  surface,  and  it  has 
not  been  considered  safe  to  work  it  any  further. 
We  thought  of  adopting  another  system  of  working, 
but  we  had  a  difficulty  in  getting  the  men  to  come  to 
it.  We  afterwards  tried  a  modified  loi^-wall  Erystem, 
which  you  will  see  at  the  far  end  of  va»  tevels  ;  we 
kept  rtwds  in  the  coal  simultaneously  going,  and  took 
away  between  40  and  60  yards  of  fac^  leaving  five 
yards  on  each  aide  of  Uie  road,  taking  oat  the  coal 
entiiely. 

1911.  That  is  somewhat  nmilar,  if  not  quite 
similar,  to  one  of  the  TOTkshire  systems  of  getting 
coal  in  the  neighbourhood  of  Bamsley  ? — Yes.  I 
believe  that  it  is  something  like  it.  If  we  had  had 
stuff  to  pack  with  we  should  not  have  driven  the 
roads  in  coal,  but  should  have  packed  them.  We 
found  the  subsidence  over  the  portion  which  was 
worked  by  the  long-wall  system  pret^  regular,  and 
we  pursued  it  as  far  as  we  ooold,  and  then  wers 
obliged  to  abandon  it  in  consequence  of  the  very 
great  emission  of  sulphuretted  hydrogen  gas  ;  it  is  a 
gas  which  contains  a  laige  portion  of  snlphide  of 
hydrogen. 

1912.  Is  it  a  gas  in  which  lights  bani,  bat  in  which 
life  becomes  extingnished  ? — ^It  is  very  poisonous, 
producing  inflammation  of  the  eyes ;  in  &ct  we  have 
been  obliged  to  stop  working  this  three-yard  seam, 
which  we  have  just  cut  at  Mostyn.  The  gas  is  very 
powerful  there.  .  When  I  went  I  found  the  effect  on 
my  eyes  very  painiuL 

1913.  Is  it  ordinary  fire-dami^  or  is  it  whit^damp ; 
do  lights  bum  in  it  ? — Lights  bam  jast  the  sane  as 
in  the  ordinary  atmosphere. 

1914.  Life  is  extinguished  in  it  ? — ^Yes.  I  took  a 
chemist  with  me,  and  he  was  of  opinicm.  that  it  was 
a  sort  of  sulphuretted  hydn^en  ;  and  I  sent  a  bottle 
with  a  large  quantity  <tf  the  inter  to  I>r.  Mnspratt, 
and  he  wrote  a  letter  to  me,  stating  that  it  c<mtuued 
the  sulphide  of  bvdrogen  ga^  precisely  the  same  as 
that  BO  recognizable  in  the  fbui^ate  snlf^or  water ; 
and  he  stated  that  it  would  produce  inflammation  of 
the  eyes,  and  we  were  obliged  to  work  in  two-hour 
shifts. 

1915.  Are  yon  able  to  keep  a  large  body  of  ur  ?  

Yes. 

1916.  Some  years  ago  I  remember  the  case  of  a 
man  who  was  suffocated  in  this  colliery  in  fire-damp  ? 
— There  is  a  very  large  quantity  of  fire-damp  in  all 
these  seams  which  I  have  mentioned.  I  do  not  think 
that  I  ever  saw  so  mnch  produced  in  seams  any- 
where at  so  shallow  a  depth ;  we  have  sometimes 
had  veiy  great  difficulty  with  it.  But  this  is 
a  different  description  of  gaa  to  the-  fvdinary  fire- 
damp. 

1917.  Then  it  was  onh^  in  consequence  of  this  gas 
that  you  discontinued  the  working  of  this  Dnrbog 
seam  on  the  long-wall  system?— Yes,  and  also  the 
wickets.  The  intention  was  to  come  to  long-wall 
work  when  we  had  100  yards  of  cover  and  between 
that  and  60  yards  of  cover  to  pursue  this  system  of 
narrow  wickets,  leaving  44  per  cent.,  and  not  to  go 
beyond  the  60  yards  with  any  description  of  work 
whatever.  There  is  another  reason  why  we  left  it, 
namely,  that  the  creep  came  on,  and  we  left  there, 
and  set  to  work  on  a  lower  leveL  We  leave  20-yard 
pillars  between  each  two  stalls.    We  then  drive 


through  that,  and  in  the  bottom  coal  underneath 
which  is '  left,  and  by  this  means  we  recover  the 
district  beyond  the  creep,  and  continue  the  working. 
We  thus  mi^e  a  mun  road  in  the  lower  ooal,  and  ire 
r^ume  working  the  top  coal.  This  lower  range  of 
workings  is  opened  out  at  the  level  of  the  stone  drift, 
and  we  then  start  these  40^ard  stalls,  leaving  abont 
20  yards  between,  which  is  worked  off  on  craning 
back.  We  thus  take  away  the  whole  of  the  coal 
below  100  yards ;  between  100  yards  and  60  yards  we 
take  awa^  about  half,  and  above  that  we  do  not  in- 
terftre  wiih  it  at  aU. 

1918.  What  is  your  next  seam  ? — The  next  seam  is 
the  two-yard  Mostyn.  That  is  worked  on  Hit 
northern  side  of  the  40-yard  Jault,  in  the  same  lioc 
as  lie  Durbog  workings.  We  commenced  it  upon  the 
wide-wicket  system,  not  knowing  .the  roof  and  how  it 
would  fall.  We  thought  that  it  would  work  we!] 
upon  that  system,  but  we  found  that  it  was  not  safe 
to  continue  it.  We  stopped  it,  and  commenced  the 
narrow  wickets,  leaving  five  yards,  taking  away  in  the 
first  place  the  same  per-centage  as  in  the  Darbog. 
There  is  an  excellent  roo£  It  is  very  strong  and  (Ae 
bottom  is  hard,  the  workbgs  stand  without  timber, 
and  there  is  not  a  single  fall.  When  we  get  to  within 
60  yards  of  cover  we  intend  to  cut  these  pillara,  aod 
to  leave  about  22  per  cent.,  which  we  shall  lose 
entirely. 

1919.  In  all  the  seams  you  are  leaving  the  c-o&l 
untouched  between  the  surface  and  the  60  yards  ?— 
Entirely  so.  I  thought  once  that  in  these  thioner 
seams  we  might  take  out  a  portion  of  it,  but  when  1 
Cune  to  obsOTve  the  nature  of  the  roof  I  found  that  it 
was  very  rotten,  and  I  thought  that  to  drive  aboTc 
this  level  any  places  which  could  be  profitably  worked 
would  be  tms^e. 

1920.  You  spoke  of  an  accident  in  1861.  What 
was  die  natare  of  ^t  accident  ?  —  It  was  an 
eiq>lodon. 

1921.  It  was  not  from  water  breaking  in  ?— No. 

1922.  Keithw  under  your  system  of  working,  nor 
in  the  time  of  your  predecessor,  has  there  been  any 
case  of  the  water  getting  in  ? — No.  We  found  in  onr 
or  two  falls  a  rapid  discharge  of  water,  but  it  took  olf 
again.  There  are  about  14  y  vds  of  silt  on  the  bed  of 
the  river ;  that  is  about  the  thinnest  piurt.  In  another 
place  it  is  about  40  yards.  In  that  bed  of  silt  there  i:- 
a  strong  bed  of  clay,  which  is  quite  impervious,  and 
had  it  not  been  for  that  I  should  not  have  recom- 
mended going  so  near  as  60  yards. 

1923.  We  have  had  evidence  given  as  to  the  woii- 
ing  of  the  Mostyn  Colliery  ai^oining.  Are  they  iu 
amy  instance  taking  out  more  th&n  one  half  to  a  depth 
of  200  yards  ? — I  Uiink  that  they  are  bound  by  tbnr 
lease  as  to  that ;  but  I  think  that  it  is  quite  unne- 
cesBBflty  to  leave  so  much,  at  least  in  some  seams. 

1924.  That  is  to  say,  provided  that  there  is  tids 
silt  of  a  similar  nfU;ure  which  prevents  the  water 
getting  down  ? — Quite  so.  I  think  that  it  is  thicker 
in  that  direction.  I  put  down  a  boring  beyoDil 
Mostyn,  and  I  found  it  to  be  40  yards.  I  bored  dowu 
to  160  yards,  and  I  got  three  very  valuable  seams  ot 
ooal  there. 

1925.  Can  you  identify  their  position  vith  the 
Mostyn  seams  ? — ^I  think  that  ihe  two  upper  seanu 
must  be  those  seams  wbidi  were  worked  ob  the  other 
side  of  the  water. 

1926.  Those  seams  which  are  found  on  the  point  of 
Ayr,  you  thidk,  are  those  which  Mr.  Cottin^am  l>u 
spi^en  to? — <^te  so.  I  investigated  that  district 
abont  seven  yeara  ago  on  behalf  of  Mr.  Lloyd,  and  I 
have  the  plans,  and  I  think  that  the  two  upper  seims 
bored  through  at  Parlor  Dee  or  the  point  of  Ayr 
very  much  resemble  the  seven-feet  and  six-feet  seams 
in  Uie  Neston  district. 

1927.  There  is  a  remarkable  roof  at  the  six  f*' 
seam  at  Neston  from  the  fossils.  Did  you  discover 
anything  of  it  in  boring  ? — No.  There  was  a  etrong 
emission  of  gas.  The  lower  seam  through  which  we 
bcH^  was  no  doubt  tJie  Mostyn  canneL  There  were 
16  yards  of  hard  rock  overlaying  the  coaL 
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1928.  At  the  pofait  of  Aj^jott  get  to  thfl  extremity 

of  the  coalfield  ?— Tei. 

1929.  {Mr,  Geddes.)  Is  that  the  cannel  of  your 
section  ?f— Tee.  It  is  the  top  seam  whidi  hee  -been 
worked  at  Mostyn  aad  at  Hanmer.  I  worked  it 
there  when  I  b^cau  aboat  six  or  seTen  years  i^o. 

1930.  (Jfr.  WoodJunue.)  Is  this  {pointing  to  the 
pian)  high-water  mark  ?— Yes  ;  and  this  is  the 
erabi^ikmeat,  which  was  eneloBed  maiqr  ' yearn  ago, 
and  this  is  all  recovered  land  between  the  toad  moA 
tiiat  nabankment.-  - 

1981.  How  fiir  at  roring  tides  does  the  tide  nm 
oat?— It  goea,  I  think,  about  1,600  yards,  and  at 
high  water  then  are  fiom  10  to  12  feefrof  water  at 
tb^  pdnt(p0iiilm9  OKI  Al»  mum),  above  the  Israls  of 
the  Ave-qnarter  ooaL 

1932.  The  tides  do  not  st^  vaiy  long  ?-^a 
They  come  in  with  great  foroa  there, 

1935.  Do  all  the  aotepa  and  floods  come  up  to  this 
embankment  ? — Yes  ;  they  wash  this  embankment. 
Towards  the  southern  boundary  of  ^e  royalty, 
which  exceeds  2,000  acres,  the  water  does  not  come 
to  within  200  yards  of  the  bank  thwe  .{poiniiuff  out 
the  same),  but  a  high  tide  does  come  npt  A  nwp  tide 
does  not. 

1934.  (CAotrnum.)  Two  or  three  of  tinse  seams 
are  underneath  the  same  sorfaoe  ? — Yes.  I  have  upon 
the  section  UkBa  out  tiie  black  to  ahow  henr  £ur  the 
Beams  are  worked  np  from,  these  low  levda.  Upon 
ibe  two-yard  coal  there  are  76  yards  of  cover,  W 
we  sh^  proceed  until  we  oome  to  eo-yards.  The 
Durbog  c<ul  in  one  district  has  been  woAed  -up  to 
within  60  yards  of  the  sorfiee. 

1936.  {Mr,  ffoodkotue.)  Han  yon  observed  whe- 
ther the  levd  is  swamped  at  all  in  consequence  of  the 
snbsidenoe  ? — ^Yes.  The  first  ialls  which  we  had  in 
the  five-quarter  and  stone  coal  left  a  swamp.  I 
sent  in  some  men,  bat  they  could  not  get  at  «ay 
authentic  measurement  of  it.  That  Is  the  only 
instance. 

1986.  You  probably  find  it  very  dirty,  and  St  tdosea 
np  again  ? — Yes ;  it  doses  up  again  hnmediately.  R 
is  sand  and  mud. 

Order  of  working  the  Seams, 

1987.  {Chairman.)  By  winning  oat  tiHae  flesnu  by 
those  means  you  come  to  tlie  lowest  first  ^Yes. 

1938.  Do  you  begin  to  work  the  lowest  first  ? — 
Yes;  but  we  did  not  extend  those  wukings  very  ftr 
until  we  came  to  the  Darbog. 

1989.  You  do  not  work  the  upper  seam  first,  and 
work  them  downwards  in  descending  cvder  ? — ^No.  I 
observed  the  e^ct  upon  the  Durbog  when  we  had 
worked  the  stone  coal  and  the  flve-qnarter  underneath 
a  portion  of  that  district.  I  paid  particular  attention 
to  that,  and  I  did  not  see  that  it  did  any  harm.  In 
some  places  we  had  the  coal  fractured,  but  it  was  not 
injured,  and  I  do  not  think  that  any  u^urioas  effect 
waa  produced  by  it ;  but  of  course  we  prefer  working 
the  top  seams  here  {pomttng  out  Me  same)  first. 
There  is  imly  about  80  to  40yard8  between  thon, 
and  where  a  portion  is  to  be  left  in  |^Iar  it  would 
render  the  roof  and  floor  had  without  tiding  the  top 
seams  first,  and  in  this  case  the  t4^  seams  are  the  best 
and  most  valuable. 

1940.  {Mr.  Geddes.)  In  cutting  through  those 
faults  do  you  find  any  additimud  quantity  of  water  ? 
—Not  in  the  ikults  ;  we  find  a  great  deal  of  water  in 
cutting  the  seams.  In  cutting  one  seam  we  had  a 
discharge  of  water  of  about  240  gallons  a  minnte ;  the 
Durbog  was  much  in  the  same  way,  but  that  Is  now 
reduced  almost  to  notiiing,  and  I  think  fliat  ihia  otiier 
will  dnun  itself. 

1941.  {Chairman.)  You  heard  SCr.  Baker  Foretells 
evidence  as  to  the  desirability  of  ieaviI^;  pillars  of 
coal,  so  that  in  the  event  of  tiie  sea  water  coming  into 
any  of  these  workings  the  whole  coalfield  round  might 
not  be  sacrificed  ;  do  you  concur  in  that  opinion  ? — 
think  that  in  working  under  water  at  such  shallow 
depths  there  is  a  degree  of  uncertainty  as  to  what 
may  be  the  e^^  and  in  winning  out  new  ^stricts 
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it  vwdd  be  4esireUe  to  hwe  it  divided,-  end  to  leave 
barriers.  ■.  ■       .         -  W  Y  Craig 

19tt.  Is  there  a  barrier  between  y our  wnrkingB  and      *  Etq.' 
the  Mostyn  colliery  ? — No.   I  got  into  the  old  work-  — 1 
ings }  they  are  all  connected,  and  it  is  too  late  now  to   lo  Ab.  I8se 
Tjulke  any  arraagement  with  refereaoe  to  barriws. 

1943.  You  would  not  like  .to  see  that  extended  any 
further  ii—No. 

1944.  {Mr.  Woodhouee.)  These  waa  a  ramour  that 
the  sea  water  had  got  into  Hoysten  8<Hne  16  years  ago, 
and  through  a  fimlt  believe  that  that»  irom  whet 
I  can  heu:,  was  the  water  from  the  eannri  rooi^  which 
is  a  wator-bearii^  ftrata,  and  it  had  fbllea  throogh 
tiut ;  but  I  do  not  Hunk  that  Hie  water  had  come  from 
aeeesin  enygTeatwdnmai;  I  think  that  this  14  yards 
of  deposit  at  Ae  top  would  prevent  any  Inundation. 

1946.  {Mr.  Geddes.)  Is  there  any  gravel  between? 
—There  is  gravel,  and  also  very  tough  claj^  and  then 
above  tiiat  thero  is  mud  and  sand. 

1946.  Have  you  never  met  with  any  o^  that^raVel 
in  the  roofii'Of  tihe  uf^ermoet  eeama  of  ■  working 
No. 

1947.  {Chairman.)  Still  it  is  quite  possible  that  it 
might  be  met  with.  In  working  .the  DalmelKnghm  ool- 
liery  in  Ayrshire,  in  i^proadung  near  the  bed  of  .the 
river  Doon,  when  they  thought  that  they  had  a  coi  isider- 
able  cover  they  unexpectedly  came  into  a  grav  el  bed 
which  let  in  the  river.  To  guard  against  chances  of  that 
MMrtj  shoold  notthe«oUIeriee  be  £vided  into  coiiqMrt- 
ments  f^I  have  found  the  falk  of  roof  of  tiie  hard  fiv»- 
qoarter  ooaX  extend  upwards  20  ^wds.  With  sadi  a 
roof  as  that,'  I  should  not  tUnk  it  safe  to  go  near  the 
surface,  I  think  that  in  woiking  near  any  fnl^ 
especially  on  the  rise^ide  of  tiie  fuilt,  you- ore  Ukdiy 
to  meet  with  a  fracture  up  to  tba  surface. 

1948.  The  Hanmer  coUiery  is  iil  Flintshire  F-^Yes. 

1949.  Ilie  Westminster  colliery  is  in  Denbighshire? 
—Yes. 

1960.  What  is  tile  system  <^  working  there? — Th^ 
work  by  kmg-wall  in  the  two-yard  seam,  and  in  tiw 
Brassey  seam  and  main  ooal  seem  they  work  o])on  the 
wicket  system,  T^eh  is  not  a  good  one  ;  they  drive 
out  their  levtdsi  and  oonmoioe  at  tiie  «ir-beadiiH;,  aa 
shown  in  tiiis-  copy  of  part  of  tiie  main  coal  plan, 
wiA  ft  20-yard  widcet,  and  they  pin  a  road  on  each 
flide.  The  ventilation  is  so  arranged  as  to  go  up  one 
side  and  down  the  othw.  The  practieal  ^ect  of  it  is, 
that  in  coming  back  the  ventilation  is  stopped  ;  holes  * 
hare  pwpetuidly  to  be  made  tiirough  the  goa^  and  it 
is  very  bad  with  respect  to  that 

1951.  I  believe  that  that  nuun  coal  gave  off  an  im- 
mense amount  of  fire-damp  when  it  was  first  opened  ? 
-—Yes.  I  hare  recommended  an  alteration  of  that 
system.  The  ventilation  goes  up  the  Toad,  and  crosses 
me  face,  and  down  the  other  road,  but  then  there  is 
no  proper  outlet  at  the  bottom.  The  first  stalls  ought 
always  to  begin  20  yards  above  the  aii^heading,  and 
the  air-hesiding  ought  to  be  preserved  ;  but  at  best  it 
is  expensivi^  and  not  a  good  system. 

1962.  In  many  of  the  old  collimies  in  Denbi^shire 
have  not  these  pillars  been  Acrifleed  ? — ^Tes,  a  great 
portion. 

196S.  Without  aaj  attempt  being  made  to  get  them  ? 
— ^Yes  ;  they  cannot  get  them.  The  system  of  working 
requires  quite  an  exceptional  roof.  Here  is  the  roof 
on  the  one  side  resting  on  the  solid  coal,  and  upon  the 
other  side  it  rests  upon  the  packing.  The  solid  coal 
is  a  fulcrum  which  causes  the  roof  to  rip  up  and  come 
down,  and  the  -expense  of  carrying  out  that  system  is 
enormous ;  I  should  think  almost  Is.  and  6a.  a  ton 
more  than  if  it  was  worked  upon  the  Lancashire 
principle. 

1954.  That  this  old  wicket  system  is  not  one  which 
you  recommend? — ^No,  certunly  not. 

1955.  Do  yon  know  tiiat  at  the'  Neir  British  Iron 
Company's  coIUeries  at  Buabon  th^  are  adopting 
a  dlabrcnt  system,  and  «re  drivinr  out  to  the 
extremeties,  and  drawing  the  cou  backwards ; 
that  in  fac^  as  the  mines  are  getting  deep,  with  so 
much  fire  duup  as  they  have  to  deal  with  in  North 
Wales,  it  was  enmd  utterly  io^nwticrtle  tQ  fiontinue 
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wickets  ? — Thai  ie  my  experience  at  Weetminater. 
This  is  an  engine  bank  (j/ointinff  to  the  plan\  and 
in  a  district  of  main  coal  we  opened  oat  in  20-yard 
pilars ;  bat  sneh  was  the  prejadioe  against  it  that 
10  lUk  1869,  the  men  stopped,  and  positiTely  carried  away  the 
mam^tt  who  was  sent  to  direct  the  underground 
work,  and,  notwithstanding  the  Btrongest  efforts  on 
the  part  of  the  owners  and  all  connected  with  it,  the 
men  were  in  a  state  of  mutiny  for  some  time  Thev 
totk.  to  it  again,  and  I  beliere  diat  it  will  be  nla- 
mately  fonnd  hy  tiiemselves,  as  we  found  it  at  Mostyn, 
to  be  beneficial  to  them. 

1956.  That  lawless  state  of  things  has  not  been 
«(Hiflned  to  the  Westaunster  Colliery  ?-i^o.  I  am 
told  tlwt  a  simikr  thing  oeeorred  witb  tb,  Webster 
at  the  Roabon  Colliery.  They  took  for  him  a  ticket, 
and  put  him  into  a  first-clasa  carriage  for  London  ; 
but  of  course  he  returned. 

1957.  (Mr.  Geddeg.)  Do  the  dotted  lines  upon 
this  map  indicate  anything  which  yon  wish  to  explain 
to  the  Committee  ? — It  just  shows  the  engine  banks 
as  they  are  driven. 

1958.  (Chairman.)  Is  there  anything  else  which 
yon  wooM  like  to  remark  upon  with  refereooe  to  tiie 
system  of  working  in  North  Wales  ? — ^No. 

Coal  produced  per  foot  per  acre. 

1959.  With  regtard  to  theproduce  from  the  coal, 
what  do  yon  find  it  to  be  ? — We  find  in  these  seams 
in  the  hard  five-quarter  and  the  stone  coal  that 
we  raise  about  1,300  tons  for  sale  per  foot  per  acre, 
ami  80  tens  per  foot  per  acre  is  about  the  amount  of 
the  colliery  oonsnmption.  That  does  not  include  the 
men's  coal.  We  do  not  supply  the  men  with  coal 
there.  There  is  a  loss  of  150  tons  per  acre  in  the 
working.  In  the  Durboy  coal  the  proportion  which 
we  extract  from  the  whole  area  upon  the  principle 
described  is  about  820  tons  per  acre  per  foot  thick ; 
that  is  between  a  cover  of  100  yards  and  60  yards. 
Below  that  we  take  out  about  1,850  tons  per  acre. 
In  the  two-yard  coal  we  take  in  the  first  workings 
850  tons  ;  we  expect  in  the  second  to  take  out  350 
tons ;  that  makes  1,200  tons  per  acre  per  foot  thick. 

1960.  At  the  Westminster  ccdliery,  upm  this  old 
wicket  system,  what  would  be  w  |m>pcnrti<m  of 
produce  ?— They  do  not  give  more  thau  about  1,100 
tons  per  acre  per  foot  dikk,  and  perhaps  not  quite  so 
modi.  From  the  accounts  I  tl^ik  tlutt  it  is  about 
from  1,000  to  1,100  tons.  I  had  a  difficulty  in  getting 
that 

1961.  {Mr.  Geddes.)  Do  you  supply  your  workers 
with  coal  ? — No ;  we  charge  them.  They  get  the 
coals  at  a  little  reduced  price,  but  they  pay  for  them 
the  same  as  an  ordinary  customer. 

1962.  Is  that  the  general  practice  in  North  Wales  ? 
—Yes ;  and  also  in  North  Staffordshire. 

1963.  {Chairman.)  As  regards  the  North  Stafibrd- 
shiie  system  of  working,  will  you  describe  it  ? — At 
the  Harecastle  colli^  in  North  Staffordshire,  at 
the  pits  called  the  Moss  Pits,  we  commenced  to  sink 
thent  abont  four  jsan  ago.  The  depth  is  166  yards. 
There  are  two  dips  in  that  district ;  one  in  &b  direc- 
tion of  CSieahire^  called  the  Chabire  dip,  and  the 
other  tbe  Staffi>rdshiTe  dip.  These  workings  are 
chiefiy  upon  the  Cheshire  dip.  The  district  is  a 
very  &ulty  one,  as  all  the  North  Staffordshire  district 
is.  There  is  a  sort  of  saddleback,  and  the  whole 
district  is  traversed  by  a  great  number  of  faults, 
some  of  them  being  very  hrse  ones.  You  will  see 
from  the  section  that  we  found  the  ground  very  faulty 
in  sinking,  and  we  stopped  below  the  lower  coal 
which  we  are  working,  which  is  called  the  eight-feec 
Banbury  coaL  The  one  above  is  called  the  seven- 
feet  Banbury  coaL  There  are  85  yards  between  die 
seams.  We  drove  a  stone  drift  axxoas  the  measures, 
as  indicted  by  the  red  line,  and  proved  the  two 
seams,  and  thw  we  commenced  to  work  as  shown 
upon  this  plan.  The  stone  drift  shovn  upon  the 
section  is  indicated  by  that  Une  lin^  and  we  drove 
out  for  a  itoQsiderable  distance  till  we  came  to  a 
fiwlt  ^iTOwiE^f  up  the  coal  53  yurds  norUi-west. 


There  is  a  large  fimlt  a  little  furtim  north,  of  about 
15  yards,  and  then  we  drove  down  until  we  came  to 
the  same  fault  as  we  had  got  on  the  north-west.  We 
find  that  at  this  seam  we  have  no  choice  as  to  the 
mode  working ;  tliere  is  a  friable  dirt  npoa  the 
top  2  leet  3  inches  thick.  The  thickness  of  the 
seam  is  6  feet  3  inches,  and  it  has  a  soft  fire-clay 
bottom.  The  number  of  faults  which  we  have  to 
omtend  against,  and  the  great  changes  in  the  direc 
tion  of  the  dip,  together  with  this  filrijle  stuff  at  the 
tapf  require  the  places  to  be  driven  in  the  first  in- 
stance abont  4  to  5  ysrds  wide^  in  order  to  deposit 
this  dirt  irtiidi  lies  on  tile  ooaL  Wo  have  a  strain 
rock  of  17  yards  upon  the  top  of  tha^  and  it  stands 
until  there  is  a  very  considerable  area  worked  out 
underneath,  and  when  it  falls  it  does  so  with  enor- 
mous force.  We  had  a  fall  abont  three  weeks  ago^ 
where  it  came  down  in  one  mass  of  100  yards  by 
about  40  yards.*  This  is  worked  upon  the  principle 
of  board  and  pillar,  leaving  about  75  per  cent,  in 
pillars,  which  ai-e  wotted  off  as  we  come  back.  Of 
course,  with  the  strong  roof  to  work  it  upon  this 
principle,  there  is  a  great  loss  in  crushing.  We  find 
that  we  cannot  get  more  than  lUwut  40  per  cent,  of 
round  coal  out  of  that  seam,  and  15  per  cent  of  what 
we  call  ns  nuts,  leaving  a  per-centage  of  duff  or 
small  ooal,  to  the  extent  of  45  per  cent.  The  pro- 
dnce  ftvm  the  seam,  taking  it  ovw  a  considerable 
period,  I  find  it  to  be  1,277  tons  sold  c£  good  coal, 
159  tons  lost  by  faults,  and  111  tons  lost  in  wotUng, 
that  is  by  pillar  ends. 

1964.  You  are  spednng  of  per  foot  per  statute 
acre  ?— Yes  ;  52  tons  per  acre  per  foot  thick,  repre- 
sents the  colliery  consumption.  We  sell  80  per  cent. 
We  lose  by  fikults  9*0  per  cent.  We  lose  in  working 
6*8  per  cemt.  and  our  collieiy  cousumpdon  is  abont 
3*3  per  cent.  I  have  carefully  ascertained  the 
specific  gravity  of  the  coal,  and  the  calcmlation  is 
worked  out  upon  that  basis  from  the  wtnrking 
accounts  of  the  colliery.  We  find  it  necessary  to 
work  this  coal  in  small  districts  havii^  independent 
Toads  in  each  district,  or  otherwise  the  expense  of 
keeping  up  Uiese  rounds  is  very  great.  But  where 
the  district  is  tolerably  free  from  faults,  we  work  it 
upon  another  principle  ;  that  is  to  ssj,  a  modified  long^ 
-mdl  system,  continnii^;  a  road  in  theooal,  up  hill,  and 
leaving  five  yards  in  each  side  tar  its  support,  and 
then  taking  35  yards  on  each  side,  making  about  17 
yards  of  face  on  each  side  of  the  road  brought  down 
to  the  leveL  By  that  principle  we  get  out  a  higher  per- 
centage of  coal;  about  60  per  cent,  of  coal  in  the  first 
workmgs.  These  pillars  left  for  the  support  of  roads 
are  generally  crushed  and  lost,  and  it  leaves  altogether 
about  50  per  cent  of  round  coal  upon  this  principle. 

1965.  {Mr.  Geddet.)  You  lose  one-half  ?~ We 
have  one-half  made  into  slad^,  but  not  tost.  Of  course 
it  is  an  excellent  coking  coaL  This  is  the  lower  seam, 
called  the  eight-foet  Buibmy  (poiiUinff  out  the  same). 
We  work  that  upon  the  l4mcashire  system,  going  out 
to  the  extremis  of  the  district  whidi  is  geawally 
bounded  by  a  milt,  and  then  working  it  back. 

1966.  (Ckairmam.)  That  is  the  best  I«ncashire 
system}  there  axe  some  Lancashire  systoms  which 
are  not  so  good  as  that? — That  is  the  system. 

1967.  {Mr.  Geddes.)  What  is  the  area  in  any  one 
of  those  districts  ?  When  you  speak  of  going  up  to 
the  boundary,  how  much  do  yon  include  ? — There  are 
45  acres  here.  That  is  driven  out  500  yards  first 
(pointinff  out  the  same).  Here  ,  is  a  very  limited 
district  {pointing  out  the  <ame),  just  surrounded 
faults ;  that  I  should  think  is  not  more  than  three 
acres.  Then  No.  2  district  will  not  exceed  three  or 
four  acres.  No.  3  district  is  considerably  largw,  and 
again  No.  4  district.  We  generally  ke^  a  good 
return  road  from  Urn  rise  A&  of  the  goaf  to  Uie  up- 


*  Previoiu  to  this  fall  for  some  time  vhile  the  strata  vac 
working  the  temperature  increased  conuderably,  indeed  lo  moch 
tiiat  ve  feax«d  a  gob  fire  u  the  lesnlt  AAer  the  fidl,  and  irlien 
the  strata  eeaied  to  bs  in  an  aetlTS  state,  dw  ten^oatare 
dsonased. 
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cast  shaft  clear  of  tiie  funi»ce,  to  prevent  any  accumii- 
lation  of  gas^  and  we  find  that  nch  efibctoally  pre- 
vents any  accumulation  of  gas. 

1968.  How  much  do  you  get  of  available  coal  per 
foot  per  acre?— Our  produce  from  that  is  1350 
toon  of  saleable  coal,  and  the  loss  from  faults  is  the 
same  as  the  other,  namely,  nearly  10  per  cent. 

1969.  (CAotnnan.)  Wh«i  yon  say  that  you  actually 
get  1850  tons  pw  foot  per  acre,  perhaps  a  liberal 
allowance  is  made  for  the  bands  which  are  in  the 
oul,  and  fiv  the  loss  which  may  arise  from  coal 
atioking  to  them.  That  Beana  a  very  lai^  per- 
centage of  coal  to  get?— We  get  all  that  Theae 
snrreys  have  been  very  carefhlly  made,  with  the  view 
of  correct  measurement. 

1970.  What  is  the  dip  of  the  cool  ?— These  red 
darts  show  the  dip,  by  which  you  will  see  it  is  very 
variable. 

1971.  How  is  the  measarement  taken  ? — ^It  is  taken 

vertically. 

1972.  So  that  any  increase  in  quantity  which  you 
would  get  by  the  dip  is  Laken  out  P — ^In  working  it  out 
to  get  those  figures,  1  took  the  vertical  dip  of  the  seam, 
widk  the  horisontal  area.  That  is  the  loss  which  we 
have  out  of  that  seam,  but  uptm  this  system  there  is 
very  little  loBB  indeed.  If  wc  had  it  clear  of  &iilta 
the  kaa  would  be  trifling. 

1978.  At  placea  where  twoworicii^  come  to  meet, 
it  ia  sometimes  inevitaUe  tiiat  a  small  stump  of  coal 
must  be  lost  ?— We  take  off  two  pUlars  on  each  side 
of  tibe  dip  ;  there  is  a  very  amidl  porli<m  lost  every 
second  pillar  where  the  jig  is  placed.  You  cannot 
get  this  {pointing  to  the  plan),  except  your  roof  is 
exceptionally  good,  but  it  is  inconsiderable,  and  the 
princi|^e  of  working  is  decidedly  the  best. 

1974.  So  far  as  your  experience  has  extended,  you 
find  that  this  best  Lancashii-e  system  is  the  desirable 
one  ? — It  is  the  best  and  the  safest. 

1975.  Both  as  regards  getting  the  greatest  quantity 
of  coal  out,  and  as  to  ventilation  to  the  far  end, 
and  also  ibr  keeping  your  roads  iiafe,  so  as  to  keep 
both  the  drawing  roaids  good  and  the  air  roads  good  r 
^Tes  I  in  every  respect  it  ia  the  heat.  In  the  first 
instance  it  is  ezpenuve,  nnttl  the  narrow  work  ia 
driven  oat. 

1976.  Tour  experience  has  not  been  confined  to 
Korth  Stafibrdshire  and  North  Wales,  has  it  ?-^o. 
I  came  from  the  north  of  England. 

1977.  And  yet  you  have  not  brought  prejudices 
away  to  prevent  your  accepting  what  is  better  ? — 
When  I  took  charge  of  this  district  I  thought  that  the 
system  was  a  fearfully  expensive  one.  as  we  had  to 
wait  so  considerable  a  time  until  the  narrow  work 
was  carried  to  a  point  which  aidmitted  of  regular  coal 
wcnk  being  c(»nmeQced,  and  I  commenced  to  work 
another  seam  in  the  ■  same  district  upon  another 
system ;  but  I  found  that  it  would  not  do  ;  that 
there  were  such  expenses  fbr  timber  and  the  main- 
tenance of  roads,  and  besides  there  was  so  ranch 
danger,  tfaM  I  had  to  abandon  it^  and  I  find  this  sys- 
tem decidedly  the  best  any  of  the  seams  which  we 
have  to  deal  with,  except  the  seven-feet  Banbury 
seam,  where  we  have  stuff  on  the  top  that  will  not 
stand,  and  which  can  only  be  disposed  of  in  wide 
places.  There  is  not  a  particle  of  timber  required  to 
work  those  coals  upon  the  ten-yard  drift  system, 
when  all  is  free  fnnn  faults ;  but  upon  any  other 
principle  the  timber  required  would  make  all  the 
difference  between  a  loss  and  a  profit. 

1978.  Is  the  royalty  paid  by  the  foot  per  acre  or 
1^  tonnage  ? — By  the  foot  per  acre. 

1979.  That  is  the  best  plan  to  force  the  colliery 
worker  to  wtn-k  hia  colliery  pn^ieriy  ? — Yes  ;  because 
whatever  yon  leave  you  must  pay  royalty  for. 

1980.  How  much  of  the  1,350  tons  of  which  you 
spedc  is  small  coal  ? — Onr  |vodnee  from  that  seam  is 
1^  per  cent  of  laime  coal,  and  we  call  nothing  large 
coal  irtiich  does  not  go  over  a  1|^  inch  screen.  We 
do  not  coke  this  slack  at  the  present  time,  although  it 
makes  an  excellent  coke,  but  we  find  that  it  is  very 
readily  sold  to  the  salt  mannfaeturers.  We  ooke  the 
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wh<de  of  the  seven-fbet  Banbury  seam.  We  convert 
it  into  gas  nuts,  and  coke  the  duf^  after  washing  the 
dirt  oat  of  it.  Very  little  of  it  was  coked  before  I 
came.  This  heavy  produce  of  slack  is  a  very  seriou& 
loss  from  the  crushing  of  the  coal,  snd  we  find  that 
powder  is  very  injurious  in  augmenting  that  quan-. 
tity.  Within  the  last  few  mouths  I  have  to  smne 
extent  used  hydraulic  pressure,  so  as  to  do  away  with 
tiie  powder  altogether.  I  have  had  this  mode  tried 
in  the  seven-feet  coal,  as  shown  upon  this  plan,  for 
two  w  three  weeks,  and  the  increased  produce  of 
round  coal  resulting  from  it  is  very  considerable. 

1981.  That  is  Mr.  Bidder's  hydraulic  press  ?— Yes; 
but  the  one  which  I  have  been  employing  within  the 
last  two  or  three  weeks  is  a  much  more  clumsy  tool. 
It  however,  acts  ia  the  siune  way  when  the  coal  is 
cut  to  admit  of  it.  Mr.  Bidder's  produces  the  same 
effect  by  being  applied  in  a  bore  hole.  I  havo  tried 
Mr.  Bidder's  in  the  colliery,  and  I  expect  four  ot 
them  in  the  course  of  a  few  days,  but  they  are  not 
yet  quite  ready. 

1982.  In  Mr.  Bidder's  press  I  think  that  it  is 
necessary  to  have  the  hole  drilled  perfectly  true  ? — 
Not  at  alL  The  macbioe  which  he  has  invented 
requires  just  the  ordinary  hole  made  by  a  punch.  His 
press  weighs  somewhere  about  60  lbs.  There  are 
straps  and  wedges  connected,  imd  alt<^ther  it  is  a 
handy  toed. 

1983.  Then  it  is  Mr.  Chnbb's  press  which  requirea 
an  exact  hole  ? — Yes.  We  ai-e  using  the  oriUnary 
jack  of  6  inches,  which  weighs  about  4  cwt.  I  have 
been  working  it  ibr  the  last  six  weeks.  I  have  taken 
out  from  our  score  book  a  copy  of  the  WOTkings,  and 
find  that  we  get  an  intmased  production  of  24  per 
cent,  of  large  coal. 

1984.  As  compared  with  powder  ? — As  compared 
with  powder.  It  was  applied  in  the  same  places  as 
powder,  and  eveirthing  is  the  same  in  the  application 
of  both  forces.  The  produce  is  168  of  round  coal  to 
144  of  small }  whereas  previously,  iu  the  same  place, 
when  powder  was  used,  it  was  44  of  round  to  1 12  of 
small.  In  another  place  we  have  78  of  round  for  65 
of  small ;  but  previously  to  that  by  powder  we  had  75 
of  round  for  145  of  smaU. 

1985.  So  that  in  mines  where  safety  lamps  are  used, 
independently  of  tiie  safety  of  using  these  hydraulic 
presses,  it  would  be  commercially  advantageous  to  use 
them  ?-^Ye8,  very  much  so.  Although  this  is  a 
coking  seam,  and  every  ton  of  small  is  couveited  into 
coke,  which  sells  at  a  very  fair  price,  yet  the  difference 
of  value  between  the  two,  round  and  small,  is  such, 
that,  taking  this  district  alone,  it  is  equal  to  between 
Gd.  and  Id.  a  ton  upon  the  whole  get. 

1986.  {Mr.  Geddeg.)  Do  you  think,  that  there  is 
any  economy  in  the  miners'  price  ? — ^No.  I  do  not 
thmk  that  will  be/educed.  I  am  firing  these  shots  for 
nothing  at  present,  and  I  send  a  set  of  men  to  handle 
this  tod  and  bring  away  tike  ooal.  It  ia  almost  entirely 
round  coaL 

1987.  (CAoinmm).  These  are  not  ooal  catting 
machine^  bat  are  machines  for  bringing  the  cc^ 
down  ? — Yea ;  it  does  not  give  any  holing  at  all. 
Yoa  must  hole  independentiy.  We  curve  at  the  top 
of  the  seam,  and  we  have  to  do  the  samfe  thing  with 
this  apparatus  as  with  powder.  It  simply  supplidii 
the  place  of  powder,  and  it  squeezes  the  coal  off  ;  but 
the  effect  is  astonishing.  It  prodnces  a  much  gi^ater 
effect  than  powder.  In  putting  a  shot  in,  where 
powder  would  cut  off  the  coal  from  six  to  eight  feet 
by  a  four-feet  hole,  this  apparatus  will  rip  it  out  fw 
10  or  12  feet  or  more.  The  coal  gives  every  way  in 
the  direction  of  the  Une  of  cleavage.  The  gradual 
insOTtion  of  the  wedge  gives  time  for  the  coal  to  split 
off  in  the  line  of  least  cohesive  resistance,  which  is 
not  the  case  with  powder.  This  method  will  give 
the  eflfect  perhaps  of  two  or  three  operations  with 
powder. 

1988.  Has  uiy  itaachine  been  tried  for  holing  in 
any  of  the  collieries  with  which  you  are  connected  ? 
— Ko.  I  went  to  Leeds,  and  saw  the  machine  in- 
veated  by  |tr.  Wuringtun,  an  engwe^T  thent;  a 
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•lotting  machine ;  slottiitg^  by  hydraolie  pivssara. 
That  acted  very  well,  but  the  measure  was  a  flat 
measure.  It  was  soft,  and  had  a  good  roof,  and  tiie 
cii^mstances  were  most  favourable  fw  the  appll- 
10  Feb,  1849.  cation  of  iLe  machine,  but  I  saw  from  its  action  liiere 
that  it  would  not  do  in  the  steep  measures.  I  cama 
io  the  conclusion  that  it  would  not  suit^  and  I  did  not 
order  it. 

1989.  Have  you  seen  -Donniahorpe  and  Fritfa's 
apparatus  ?■— No  ;  I  hare  not  eeen  any  at  work,  ex- 
cept the  one  irtiich  I  have  mentioned ;  but  Mr.  Graffam 
Jones,  of  South  Wales,  has  described  his  mac^ae, 
and  it  nOEfa}  like  a  pick  ;  it  is  worked  by  comjHmsed 
kir,  an!  I  thought  of  getting  one. 

1990.  TTp  to  the  present  time  you  have  not  seen 
your  way  to  getting  one  of  the  coal  cutting  machines 
introduced  ? — No. 

1991.  But  only  a  hydraoHc  press  on  the  principle 
of  the  common  ship's  ja<i  ? — Tes. 

1992.  (Jfr.  Geddes.)  Has  any  other  party  adopted 
the  same  system  of  working  by  hydraulic  pressure  ? 
-—No  :  it  is  quite  a  new  thing  ;  in  fact  our  colliery  is 
the  first  where  it  has  been  tried.  The  presses  have 
lieen  made,  and  I  expect  td  have  them  at  work  within 
a  month.  I  have  no  doubt  whatever,  from  what  I 
have  seen,  that  they  will  answer. 

1993.  {Chfdrman.)  Which  press  is  that? — It  is  aa 
ordinary  hydraalic  press  made  of  steel,  weighing 
about  60  lbs. ;  it  is  a  12-ton  jack,  and  there  are  a  set 
of  tension  straps  which  are  put  into  the  hole,  and 
between  those  they  push  in  a  set  of  wedge  guides 


and  ft-««dgft-;  Q«e  w«dg«  is-  pfaoei  fai  after  anotiur, 
and  you  Mqnire  by  the  wedges  and  die  jack  a  font 
of  something  like  60  tons. 

1994.  Is  tbat  the  improved  press  ifriiich  Mr.  Bidder 
is  having  made  by  some  engineers  at  Maaoheater  ?— 
Yes. 

1995.  But  it  is  much  lighter  ?— Yes;  two  men  cm 
carry  it. 

1996.  These  stn^  and  wedges  are  put  in  by  the 
collier,  and  the  jack  will  be  carried  by  a  set  of  men 
tnm  one  place  to  the  other.  It  does  not  reqniiemon 
tluui  ten  mumtes  after  llie  straps  axe  pitt  ^  to 

the  press. 

1997.  It  is  on  the  prind^  of  having  «  flremao  to 

go  round  to  fire  the  dtots  Tea.  This  eoUkr  viQ 
punch  the  hole;  it  takes  half  an  hodr  to  pniwli  tbe 
hole  and  put  in  tbe  straps,  and  it  will  require  some- 
where about  the  same  time  as  to  fire  a  powder  shot. 
I  do  not  think  tiiat  thwe  wiU  be  any  leas  time,  and 
it  gets  the  coal  better. 

1998.  {Mr.  Geddes)  Do  yon  observe  any  specified 
distance  in  potting-  in  the  bore  hole  from  we  roof  of 
the  coal  ? — We  generally  put  it  in  about  the  middle  of 
the  seatti.  The  seam  being  a  very  high  one,  we  do  not 
bring  it  down  with  the  press,  but  just  sufficiently  fir 
so  that  a  man  can  pot  iaa  crowbar  and  fetdi  it  down ; 
and  it  has  one  great  advantagOf'  tiiat  the  jack  can  be 
taken  away,  and  Hie  stnqts  ean  be  left  ia  Ihe  hde. 
Powder  is  vwy  daagerons  as  well  as  destmctive. 

1999.  (Chairman.)  Is  there  anrthlng  dse  wUdi 
you  would  like  to  tell  us  ? — T  think  not. 


The  witnew  withdrew. 
A^joomed. 


14  July  1S69. 


G— lltfc  MeeHmg,  July  14,  1869. 

Pbxsknt  :  1.  Mb.  Dioeimson  (in  the  Chair) ; 

2.  Sir  WiLLLuc  Abhstbonq  ;  8.  Mr.  Gkddss  ;  4.  Mr.  Woodhousk, 

The  foUowing  gentlemen  were  also  present : — 
Mr.  FowLEB,  Mr.  Mauha.ti,  Mr.  Booth,  Mr.  Bak£b,  Mr.  Fleicheb,  and  Mr.  BnnTS,  who  gave 
evidenoe. 

1.  The  minntee  of  the  last  meetings  Fehmuy  10th,  vere  read,  and  signed  hy  the  Chainnan; 

page  Cfi4. 

2.  It  was  decided  that,  unless  Bome  imfbreseen  drcamstanoe  occars,  no  more  evidenoe  will  be 
taken,  by  this  Committee  after  tiiis  day. 

3.  Mr.  Diddziflon  and  Mr.  Qeddes  requested  the  Secretaiy  to  draft  the  report  of  this  section. 

(Signed)      Joskph  DiOKuraoy,  Uareh  16,  1870: 

> 

GxOBOB  FowLKB,  EsQ.,  HuokiuJl  Colliery,  Xottingham,  examined. 
2000.  {Chairman.)  What  is  the  coal  field  on  which    apontaneoos  combustion  ? — Yes,  in  s<Mne  of  tfie  seanu. 


you  wish  to  give  evidence  ? — The  two  coal  fields  of 
Leicestershire  and  Warwickshire. 

2001.  I  suppose  that  yon  are  conversant  with  the 
mode  of  working  coal  in  both  of  Aese  fields,  and  are 
able  to  state  what  propoi'tion  is  cot,  and  what  is  left 
behind  ? — ^I  think  so,  having  had  experience  in  both 
fields. 

2002.  We  will  take  fint  the  system  of  working  ; 
what  is  the  eastern  which  is  practised  in  these  two 
coal  fields  ? — It  ia  wholly  on  the  longwall  method. 

^003.  Is  that  by  wtn-king  with  gob  roads,  or  by 
driving  ont  to  the  extremity  and  working  bat^wards  ? 
— It  is  generally  b^  gob  roads,  but  in  one  or  two 
instances  it  is  by  driving  to  the  extremity,  and  work- 
ing backwards. 

2004.  What  are  the  gob  roads?— The  coal  is  got 
out,  and  the  roof  settles  down  on  the  gob.  The  ro«d 
is  made  by  building  pack  walla  on  elAer  side  in  llie 
gob.  SomeUmes  both  roof  and  floor  are  cut  away  to 
make  sufficient  height.  In  many  mines  these  roads 
ought  mwe  strictly  to  be  called  over-goaf  roadii 
beoHue  Hiey  are  often  takeo  entir^y  out  <»  tbe  roo^ 
and  tbe  gob  is  buried  under  foot 

2005.  In  some  of  those  mines  I  think  Hiat  yon  are 
very  much  troubled  wifit  die  gobs  bong  lubla  to 


I  lliink  that  neariy  the  whole  of  the  Warwickafairf 
seams  are  liable  to  it,  and  one  of  the  Beams  in  tbe 
Leicestershire  coal  field. 

900^  Witt  yon,  as  preeiady  as  yon  can,  tdl  ns  tbe 
system  which  is  practised  in  woiling  these  mines,  and 
the  loss,  if  any,  which  takes  ^ace  whidi  might  be 
prevented? — ^These are  three  diagrams  of  tbeLetees- 
tershire  coal  field  (tmxfuctttjT  Ms  game^see  nerf/M^); 
one  whore  the  coal  is  got  by  gob  roads,  and  the  othen 
where  it  is  driven  to  the  extremity,  and  worked  back. 

2007.  In  each  instance  you  show  that  the  -whtAe  of 
the  portion  of  tlie  seammieh  is bdng worked  isgot? 
— Yes. 

2008.  There  is  no  waste,  apparmtly,  for  pillus  ?— 
None  whatever. 

200&.  And  in  neither  instance  is  any  coal  1^  for 
the  8ttpp<»l  of  roads  ? — No.  All  tito  waste  is  the 
waste  which  results,  yon  may  say,  ftom  the  custom 
<^  tbe  sale  of  theoonntry;  au  the  waste  is  the  smaU. 
In  Leieestendiire  it  ia  a  splint  coal,  and  the  slack  goM 
ioae  BO  smiJtt  a  i«ice  that  it  does  not  pay  to  draw  it  to 
bank. 

2010.  What  proportion  of  slack  is  left  behind  ia 
the  woricings  ? — ^Ti^mg  the  yield  at  1500  tons  per 
foot  per  acre,  the  amount  left  behind  is  something 
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Diagrams  showing  method  of  wbrkii^  the  seams  in  the  WabviOKSHIKD  and  liEiOKSTBBSQm  0'F<mi«r,Eaq. 
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G  72       like  400  tons  per  foot  per  acre  }  abont  1100  tons  are 

G.Fowkr,Etq-  broQght  to  bank  oat  of  1500. 

  2011.  And  that  400  tons  is  small  coal  which  is  left 

14  Ju^  !8W.  behind  solel7  from  the  fact  that  Uiere  is  no  market  for 
it  ? — ^Yea  ;  if  it  is  brou^t  to  bank  it  is  not  sold  at  a 

profit. 

2012.  Is  there  any  waj  of  making  anj  useful  pro- 
duct of  it  by  converting  it  into  artificial  fnel  ? — Yes ; 
I  think  that  it  might  be  made  into  artificial  fuel ;  but 
then  that  mannfactnre  would  perhaps  cost  2s.  a  ton, 
and  when  it  was  made  it  is  very  doubtfal  whether  it 
would  sell.  Nearly  the  whole  of  the  Ijeicestwahire 
coal  goes  for  hoiise  coal ;  the  ooUieries  have  to  please 
their  customers.  Z  doubt  whether  a  made-up  fuel 
would  be  sold  in  the  market 

2013.  Then  at  present  fonr  fifteenths  of  the  coal 
are  left  behind  which  might  be  brought  to  bank  if 
there  was  a  market  for  it  ? — Undoubtedly. 

2014.  What  is  the  total  thickness  of  the  seam  in 
Leicestershire? — There  are  several  seams. 

2015.  What  is  the  total  thickness  of  the  principal 
seam  which  is  worked  ? — must  explain  that ;  ^e 
Leicestershiro  coal  field  is  really  divided  into  two 
coal  fields.  I  have  endeavoured  very  eareftilly  to 
connect  the  seams  of  the  two  fields,  and  Z  caimot  do 
so  in  a  way  which  is  satisfactory  to  my  own  mind. 
I  cannot  come  to  a  clear  conclusion  that  the  seams  on 
^e  two  rades  of  the  district  have  been  connected. 
Tfaer  are  undoubtedly  on  the  same  get^ogical  horiMm, 
but  Z  cannot  come  to  any  clear  conclusion  that  the 
seams  on  the  two  portions  of  the  district  have  been 
continuous. 

2016.  There  is  nothing  in  the  nature  of  the  strata, 
or  the  quality  of  the  coals,  or  the  fossil  remains, 
which  enables  you  to  identify  tme  seam  with  the 
other  ? — No. 

2017.  And  the  connection  has  not  been  traced  ? — 
No.  Several  attempts  have  been  made  to  do  so,  but 
on  a  closer  examination  I  think  that  such  an  attempt 
will  break  down.  Some  of  the  seams  appear  to  cor- 
respond, but  if  you  trace  the  section  in  the  two  dis- 
tricts from  these  seams  up  and  down,  you  will  find 
that  discrepandm  arise  which  cannot  be  accounted 
for. 

2018.  What  is  the  priucipiU  seam  ? — The  principal 
fleam  on  one  side  is  the  main  coal,  the  Moira  coai. 

2019.  What  is  the  thickness  of  that  coal  ?— The 
total  thickness  of  tibe  seam  is  12  feet  7  inches. 

2020.  What  proportion  of  it  is  worked? — The 
average  thickness  at  work  is  6  feet  11,  leaving 
5  feet  8  unworked  ;  that  is  of  solid  coal. 

2021.  What  is  the  causeof  ^t  amount  being  left  P 
— Because  that  5  feet  8  inches  is  coal  which  is  now 
not  marketable  at  a  profit. 

2022.  Is  it  really  bad  coal,  or  is  it  only  coal  which 
is  left  because  there  is  at  present  bettor  coal  to  be 
had? — It  is  left  because  there  is  better  coal  to  be 
bad. 

2023.  It  is  coal  which  you  can  burn  for  useful  pur- 
poses ? — Zt  is  coal  which  undoubtedly,  at  some  time 
or  other,  will  be  got. 

2024.  Z)oeB  it  lie  above  or  below  the  coal  which  is 
now  got  ? — In  some  of  the  nunes  the  lower  part  of 
the  seam  is  lef^  and  in  some  of  them  the  upper  part 
is  lef^ 

2025.  Where  the  under  part  is  left,  do  you  appre- 
hend that  you  can  return  and  make  a  successful  effort 
to  get  it  hereafter,  where  there  is  only  a  gob  for  a 
a  roof? — I  think  that  that  can  be  easily  got  by  leaving 
a  certain  portion  for  the  x'oof. 

2026.  Is  there  any  natural  parting  in  the  coal,  or 
would  you  have  to  force  one  ?— I  think  that  you  would 
have  to  force  one. 

2027.  Where  the  under  coal  is  worked  away  would 
there  be  any  difficulty  in  working  the  upper  one  ? — 
It  would  be  more  difficult;  possibly  it  might  be 
worked. 

2028.  Possibly  you  think  that  it  might  be  broken 
down  and  crushed  ? — Tea.  Thore  would  be  a  diffi* 
culty,  I  think,  in  carrying  the  roads  through  the  old 
workings. 


2029.  So  that  at  preswt,  as  that  seam  is  being 
worked,  you  have  a  very  large  percentage  of  it  left 
behind  ? — At  present  in  the  porti<Hi  whiwi  is  woAed 
there  are  400  tons  left  out  of  the  1,500  tons  p«  kk, 
and  besides  that  there  is  the  6  f&et  8  inches  of  solid 
coal  which  is  entirely  left. 

2030.  Are  you  satisfied  with  the  proportion  whieli 
these  two  losses  make  ? — No.  My  own  view  is,  Uiat 
the  waste  is  too  great,  and  that  the  amount  wUck  ii 
left  behind  is  now  too  large.  I  think  that  it  irill 
afford  a  good  margin  for  profit  at  some  future  time  to 
work  it  entirely  over  asuu,  whenever  the  soufl  abd 
is  made  into  wtifldal  fuel,  or  whenever  other  mean 
are  adopted  for  burning  it ;  and  Z  tiunk  that  tiiea 
Aat  mine  will  pay. 

2031.  Instead  of  running  over  so  much  groond, 
and  leaving  nearly  half  the  seam  behind  yon,  wbj 
do  you  not  go  over  less '  ground  and  take  all  out  ?— 
It  is  a  question  of  quality. 

2032.  What  you  leave  behind  does  not  take  the 
market  so  well  ? — It  does  not.  It  is  a  house  market, 
and  house  customers  are  very  difficult  to  please. 

2033.  The  landlords  offer  no  objection  to  the  cotl 
being  worked  in  thai  way  None  whatever.  Much 
of  the  coal  worked  there  is  wwked  by  the  landlordi 
as  their  own  coaL 

2034.  Then  in  that  instance  it  would  be  aitirdj 
left  to  thenudves  as  to  what  should  be  worked  and 
what  ahoiUd  be  left  ? — Gadrely. 

2085.  Are  there  uiy  instances  wbere  the  lessee  ii 
working  coal  under  similar  circumstances? — Hh 
usual  method  of  letting  the  coal  there  is  not  so  modi 
per  foot  per  acre,  or  at  so  much  per  ton,  but  at  so 
much  per  a^e.  In  a  great  number  of  instances  it  ii 
let  at  so  much  per  acre  for  the  seam,  so  that  it  is  en- 
tirely left  to  ^e  discretion  of  the  leasee  whetiier  he 
works  the  whole  or  only  a  small  portion  of  the  seam. 

2036.  Thai  in  that  instance  the  tenant  will  nov 
be  paying  for  coal  which  he  is  actually  leaving  bdund 
unworked  ? — Just  so. 

2037.  In  such  cases,  what  is  the  power  whidi  dete^ 
mines  what  shall  be  left  and  what  shall  be  worked? 
Is  it  left  to  ibe  agent  of  the  landlord,  or  has  the 
tenant  the  power  to  skim  over  it  as  he  thinks  fit  1— 
The  tenant  does  what  he  tiiinks  best ;  in  this  case  tin 
landlord  has  no  motive  for  interfering.  ' 

2088.  (Sir  fl'tlliam  Armstrong.)  Then  it  comei 
to  this,  that  at  present  yon  are  taking  the  cream  off 
the  coal,  and  are  leaving  the  milk  to  be  taken  after 
wards  ? — ^Yes. 

2039.  Do  you  work  the  selected  portion  with  aoj 
view  of  preserving  as  much  as  possible  die  value 
what  is  left  ? — No  ;  I  do  not  think  that  any  special 
cfu«  is  paid  to  that  point. 

2040.  You  work  the  good  part  of  the  coal  as  weB 
as  you  can,  and  that  is  all  that  you  think  about?— I 
am  not  working  it 

2041.  But  it  is  worked  in  that  mannw  ? — ^Yee. 

2042.  Sui^iosing  (hat  the  mine  remuned  closed  fiir 
some  hundreds  of  years,  in  what  condition  would  it 
be  whn  it  was  re-opmed  ?  Woidd  it  be  then  {ffsc- 
ticable  to  work  all  Uiia  coal  which  is  now  left  with 
the  same  advantages  as  those  with  which  it  could  be 
worked  at  the  present  lime  ? — It  could  not  be  worked 
at  the  same  advantage,  but  I  think  that  it  coold  he 
worked  I  think  that  when  alack  will  sell  well  the 
whole  of  it  will  be  drawn  out. 

2043.  You  may  have  a  price  which  will  render  it 
worth  while  to  work  anything  at  any  cost  j  bn* 
my  question  rather  goes  to  this :  Would  it  be  more 
costly  to  work  that  coal  after  the  nune  had  been 
abandoned,  and  a  part  of  the  coal  had  been  left,  than 
it  would  be  to  work  it  at  the  present  time? — ^Yes,  I 
think  that  it  would,  by  perhaps  Gd.  a  ton,  or  some* 
thing  of  that  kind. 

2044.  Would  the  coal  itself  be  deteriorated  bj 
having  been  left  in  that  cmcUtion  ?~I  Alnk  not ;  not 
when  the  under  part  is  left.  Where  the  upper  ]Mtt  ti 
left,  I  think  that  it  will  be  deteriorated ;  I  thmk  tbil 
it  will  be  considerably  crushed. 

2045.  Do  you  think  that  then  the  extra  cost  of 
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woAing  it  would  not  bemore  fban  6rf.a  tcoi,  inotm- 
seqnence  of  having  to  go  orer  die  grcomd  again  after 
that  long  abandonment  ? — I  do  not  think  Uiat  it 
would  be  more  than  that.  I  think  that  I  have  aaid 
from  6«2.  to  9</.  a  ton ;  it  is  no  very  great  increase  in 
the  price  per  ton. 

2046.  Is  there  more  small  made  by  the  long-wall 
^stem,  or  by  the  pillar  and  stall  system  ? — think  by 
the  pillar  and  stall  system. 

2047.  What  is  the  depth  of  these  mines  of  which 
you  are  speaking  ? — From  350  yards  upwards. 

2048.  Do  you  think  that  increase  of  depth  tends  to 
increase  the  quantity  of  small,  &om  the  greiUer  pres- 
Bine  ? — The  natural  tendency  would  be  to  do  so.  Yon 
might  take  two  mines ;  one  200  yards  deep,  and 
the  other  400  yards,  and  the  coal  in  tlie  one  400 
yards  deep  might  not  be  so  nmch  crushed  as  the  coal 
in  the  othw  ;  bat  the  gen^  tendency  of  dqitfa  is  to 
increase  the  amount  of  crushing ;  it  must  be  so. 

2049.  {Mr,  Geddea.)  I  gather  from  you  that  this 
waste  in  working  is  applicable  veiy  much  to  one  seam 
of  coal  ? — ^Yes ;  only  to  one  seam  of  coal. 

2050.  Are  there  no  other  of  the  seams  in  that  coal 
field  which  ai  e  subject  to  the  same  difficulties  ? — The 
other  seams  iu  that  coal  field  are  got  clean  out-.  I 
mean  to  say  that  no  solid  coal  is  left  behind.  The  waste 
in  the  othei'  seamM  ia  merely  the  slock. 

2051.  Will  that  shick  coke? — It  will  not  coke. 
2032.  Have  you  tiied  it  ?— Yes.  Yon  may  see  it  in 

a  fire ;  there  is  not  the  lightest  tendency  for  it  to  cake 
together. 

2053.  Do  you  hope  to  have  those  gob  roods  in  such 
a  condition  that  you  could  turn  back  immediately  on 
reachug  the  boundai7,  and  bring  the  lower  portion 
with  you  ;  or  how  do  you  hope  to  overtake  it  ?— I 
think  that  the  getting  of  the  lower  part  must  be  some- 
thing to  be  done  at  a  future  time. 

2054.  You  make  no  provision  for  it  now  ? — ^Kone 
whatever. 

2055.  I  know  systems  of  long-wall  working  else- 
where where  a  provision  is  made  that  the  roads  are  so 
permanently  secured  and  miuntained,  and  attended  to, 
that  when  we  get  to  the  extreme  boundary  we  can 
work  backwards  ;  but  you  do  not  do  that  apparently 
in  your  country  ? — No. 

2056.  (CAatrmoR.)  It  seems  that  yon  sometimes 
work  the  upper  part  of  the  seam  and  sometimes  the 
lowCT.  Do  your  ^anx  recOTd  what  p<uiion  of  the  seam 
is  lef^  so  that  it  may  be  known  hereafter  where  there 
is  coal?— They  do;  there  is  abundant  evidence  lefl 
of  that. 

2057.  {Mr.  fVoodhotue.)  You  are  aware  that  efforts 
have  been  mmle  for  some  time  past  to  utilize  a. large 
porlipn  of  this  small  which  is  left,  by  spreoiing  and 
by  other  modes  ? — Yfs. 

2058.  That  object  is  not   lost  sight  of  ?— Un- 
doubtedly not.  • 

2059.  {Chairman.)  What  proportion  will  the  other 
seams  which  are  being  worked  bear  to  the  thickness 
of  the  main  coal  which  you  have  been  describing  ? 
Can  yon  put  in  a  vertical  section  of  the  field  ?— I 
have  not  a  vertical  section  here  ;  but  the  main  seam 
which  I  speak  of  is  one  of  six  which  are  now  woiking, 
more  or  le^  in  the  district. 

2060;.  Of  4ie  other  five,  what  propordrai  will  the 
total  thickness  bear  to  the  thiouues  of  tiie  main 
coal  ? — The  other  five  seams  have  an  aggr^te  thick- 
ness of  about  22  feet 

2061.  So  that  the  main  coal  forms  ra^er  more  than 
one  thiid  of  the  total  thickness  of  the  coal  which  is 
being  worked  in  the  district  ? — It  does,  as  it  is  at 
present  being  worked.  There  are  other  seams  in  the 
district  which  have  been  worked,  which  are  not  worked 
now,  but  will  at  some  future  time  come  into  work. 

2062.  When  you  speak  of  small  coal  which  is 
being  left,  is  it  small  coal  which  goes  through  a  mesh 
or  riddle  ? — It  is  thrown  back  in  the  mine  with  a 
shovel ;  it  is  generally  quite  small  stufi'-dust. 

2063.  It  is  not  riddled  at  all  ?— I  think  that  I  am 
right  in  saying  that  a  riddle  is  not  used  in  the  mine. 

2CG4.  When  you  speak  cf  1,500  tons  per  acre  as 

18488.  You  11.  S 


being  -the  total  produce  per  fiwt  in  thickneas  that      C  73  . 
refers  to  where  the  coal  is  <nitlrely  free  from  fevhy—  O.FdwUrtEtq, 

without  any  natural  difficulties  ?— It  does.  — 

2065.  There  are  the  faults  in  addition  to  be  do-  '*J"^'Wt. 
ducted  irom  that  produce  ?— Yes.  " 

2066.  And  also  the  barriers  against  water  which 
you  have  to  leave  ? — I  have  made  some  measurements 
to  ascertain  the  amount  of  loss  from  faults,  and  I  find 
that  in  one  portion  oS  the  Leicestershire  coal  field  it 
amounts  to  about  8  per  cent  tor  fiHilts;  it  is  verj 
much  bnJcen  up  by  feults ;  there  are  sane  v&rj 
heavy  feults. 

2067.  In  some  of  die  workings  of  that  district  there 
are  long  engine  planes  to  the  deep  ?  Hereafter  will  a 
barrier  be  placed  in  those  cases  against  the  water  ? — 
Not  in  Leicesterehire.  We  have  no  engine  planes  in 
Leicestershire  ;  but  there  are  sudi  in  Warwickshire. 

2068.  Will  those  barriers  be  hereafter  worked 
away,  or  will  they  be  left  as  against  the  water  ?  At 
the  Wyken  colliery,  for  instance,  they  are  working  a 
Itmg  way  down  7 — Yes  ;  that  is  in  Warwickshire. 
The  Warwickshire  coal  field  is  a  trough,  and  they 
are  working  on  one  side  of  the  trough,  and  at  Wyken 
colliery  they  are  bringing  the  face  of  coal  right 
up  the  side  of  the  trough,  leaving  the  goaf  belukl 
them. 

2069.  Do  you  apprehend  that  any  such  barriers 
against  the  accumulation  of  water  wiU  be  left  ? — I  do 
not  consider  that  at  Wyken  a  barrier  is  left.  Work- 
ings were  extended  to  the  bottom  of  the  trough,  and 
they  are  now  clearing  out  the  cool  np  the  ade  of  the 
trough. 

2070.  A  pwtion  of  the  coal  is  destroyed  by  &uk»? 
Is  any  left  for  pillars  for  the  support  of  airway 
which  portion  will  be  lost,  and  not  recovered  A 
em^  portimi,  but  a  very  small  porticm.  Aa  a  mle^ 
the  airways  are  taken  in  the  wwking  roads. 

2071.  Then  there  is  colliery  consumption  7 — Yes. 

2072.  So  that,  taking  all  Uieee  things  together, 
that  is  to  say,  the  loss  of  small  coal,  the  loss  of  a  large 
portion  of  toe  main  coal  which  is  left  behind^  the  lose 
by  faults,  some  little  perhaps  for  shafts,  and  the 
possibility  of  some  being  left  as  a  barrier  agidnsi 
water  or  against  boundaries,  will  mnch  more  tiuai  one 
half  of  the  whole  coal  be  actually  sold  ?— Excluding 
the  main  seam,  the  amount  of  coid  which  goes  to  sales 
in  the  other  seams  of  the  Leicestershire  coal  field  is 
1,000  tons  p^:*  foot  per  acre.  160  tons  per  foot  per 
acre  goes  to  the  use  of  engines,  and  for  allowance  to 
the  colliers. 

2078.  {Sir  William  Armgirong.)  When  you  say  a 
foot  per  acre,  do  yon  speak  of  a  particular  seam  or  of 
the  whole  thickness  7 — I  am  now  speaking  of  all  the 
other  seams,  excluding  the  consideration  of  this  main 
seam,  there  being  some  six  or  seven  seams  working. 

2074.  You  mean,  I  suppose,  a  foot  run  per  acre  ?■— < 
A  vertical  foot,  taking  the  thickness  of  the  seam. 
Of  those  seams,  the  amount  of  coal  which  now  goes 
to  sales  varies  considerably,  but  it  is  from  1,0C0  to 
1,100  tons  per  foot  per  acre,  the  entire  produce  of 
the  foot  per  acre  being  1,500  tons. 

2075.  {Chairman.)  Yon  have  said  that  400  tons  ot 
that  amount  are  left  behind  as  small  coal,  therefore 
there  are  only  1,100  tons  to  bring  out,  and  you  have 
stated  that  there  is  a  certain  proportion  of  loss  for 
faults  and  far  colliery  consumption,  which  is  also  to 
be  deducted  ?— I  was  then  speaking  of  one  particnUir 
seam. 

2076.  Will  yon  state  what  proportitm  of  small  coal 
is  thrown  away  in  the  smaller  seams? — In  the 
smaller  seams  the  coal  which  goes  for  sale  is  about 
1,000  tons  per  foot  per  acre.  Besides  that,  there 
are  about  180  tons  drawn  per  foot  per  acre  which 
u-e  used  for  the  colliery  engines,  and  for  allowance  to 
the  colliers,  and  for  Innk  firei^  making  the  amount 
drawn  1,180  tons  per  foot  p3r  acre^  so  that  thore  axe 
320  tojs  left  in  the  mine. 

2077.  {Sir  Wilham  Armstrong.)  Where  does  the 
deduction  for  waste  from  faults*  and  so  appear  ? — 
lliat  is  a  deduction  which  yon  |nuist  take  be^trnd 

D 


Digitized  by 


Google 


d86 


out  WASTE  IN  vro&Kim. 


«  y  4hM ;  H  ifl  k'dedudthn  ta)tb»'tlMflil  aM«  of  <he  ooal 

14  Ji^S6S       2078.  Ton  must  begia  by  redneiiig  your  qnuitity 

■  •   *   by  eight  per  cent.  ?— Yea.:  ■ 

2079.  The  quantity  dnwn  wUl  be  eight  per  cent, 
lees  than  you  have  mentioned  ^— Taking  tlie  area  of 
the  coal  field  at  100  ajcree,  you  muat  etiimate  that 
there  are  are  92  acres  which  you  ean  get,  and  then 
iVom.  the  portion  which  is  got  you  muBt  take  1,180 
tons  per  foot  as  ^e  amount  drawn,  and  3^  tons  aa 
being  left. 

2080.  (Chairman.)  Ton  first  deduct  the  eight  per 
c;ent.  Sat  nolt^  ? — Tes. 

2081..  That  brings  it  down  to  92  per  cent,  to  deal 
with  ? — ^Yes  ;  I  spe^k  of  dght  per  cent,  off  the  whole 

Area  to  be  dealt  with. 

2083.  (Sir  William  Armatrong.)  You  have  to  begin 
upon  1,380  tons  instead  of  1,500  tons.  Then  for  en- 
gines and  80  on  you  ubs  180  tons,  which  brings  it 
down  to  1,200  tons.  How  much  small  do  you  leave  in 
the  mine,  exduding  the  main  coal  ? — 320  tons. 

2083.  That  makes. 880  tons  realized  for  sale?— I 
have  it  that  1,000  tons  are  realized  for  sale. 

2084.  But  you  do  not  make  the  allowance  for 
faults  ? — Tou  muat  reduce  each  of  these  quantities. 
I  have  taken  eight  per  cent,  from  the  total  quantity. 
Tou  must  reduce  the  amount  left  behind,  and  also  the 
coUiery  consumption,  by  ei^t  per  cent.,  m  or^  to 
get  the  amount  for  sales. 

2085.  Hien  the  reduction  would  be  eight  per  cent, 
off  the  1,000  tons?— Tes. 

2086.  Then  that  would  be  80  tons  off  the  1,000 
tons  ? — ^Tes. 

2087.  {Chairman,)  How  much  of  the  coal  field  do 
yon  speak  of  as  being  destri^ed  by  &nlt8  ?— One 
twelfth,  namely,  eight  per  cent. 

'  2088.  You  must  take  it  upon  the  whole  of  the  coal 
field  ? — I  am  taking  the  loss  by  faults  on  the  whole 
of  the  coal  field.  Taking  the  yield  for  sale  at  1,000 
tons,  if  you  reduce  that  by  eight  per  cent-  it  leaves 
you  920  tons,  which  are  920  tons  of  coal  going  for 
sale  over  the  whole  100  acres. 

2089.  First  of  alL  I  believe  ^t  there  ifl  eight  per 
cent,  qpon  the  coal  ? — Yes. 

2090.  Then  yon  have  how  much  of  small  which  is 
left  behind  but  of  the  1,500  tons  ? — 320  tdns. 

2C^1.  What  is  the  coUiery  consumption? — 180 
tons. 

2092.  There  would  be  some  loss  fbr  pieces  of  coal 
left  occasionally  round  the  shaft  bottoms,  and  possibly 
for  the  barriers  and  working  against  a  boundm^  ? — ^1 
think  that  that  may  go  in  the  eight  per  cent. 

2098.  That  makes  500  tons;  that  leaves  you  1,000 
tons  per  foot  per  acre  of  the  coal  which  is  wwked  to 
reach  the  market  ? — ^Yes. 

2094.  Bat  of  that  conount  you  must  take  off  eight 
per  cent,  for  the  loss  by  faults  ? — Yes. 

2095.  Does  that  include  what  is  called  coUiery 
consumption ;  coal  supplied  to  the  colliers  ? — In  the 
180  tons  I  have  given  the  colliery  consnmption. 

2096.  Taking  thetn  other  seams,  is  any  portion  of 
the  seam  left  on  account  of  bad  roof  or  bad  floor,  or  is 
it  all  clean  worked  out  ? — ^It  iis  all  clean  worked  out, 

2097.  It  is  only  iii  the  mun  coal  tiiat  yon  have 
your  great  loss  ? — ^Yes. 

2098.  In  working  these  seams  do  you  observe  any 
order  ;  do  Jou  worik  the  upper  one  first,  or  do  you 
work  them  Indiscriminately  ? — They  are  worked  in- 
discriminately. 

2099.  Is  it  found  that  the  upper  seam  is  injured  by 
working  the  lower  ones  first  ? — No. 

2100.  There  is  a  sufficient  thickness  of  ground 
between  the  seams  to  enable  yon  to  do  that  ? — There 
is  a  sufficient  thickness  oC  measures  between.  T 
know  some  cases  now  frf*  a  lower  seam  having  been 
worked,  and  an  npjter  seam  some  50  yards  above  it 
having  been  wwked  afterwards  ;  that  upper  seam  is 
worked  withont  the  working  of  the  lower  mine  aflbct- 
ing  it  at  all,  or  at  least  to  any  appreciable  amount. 

2101.  Yon  do  not  find  it  crushed  by  the  weight  ? — 
"No  i  the  only  thing  which  I  find  is  that  sometimes 


ih^re  iw«)'Uttle  l^tehes  (ff  islx  keUes  or  so,  like  IhOe 
fknlts  or  slips. 

21(S.  The  coal  of  Leicestershire  is  a  strong  coal, 
^ich  would  not  be  so  much  injured  by  tiiat  mode  of 
Woiidrig  «s  where  a  tender  stratum  existed  ? — Some 
is  strong  and  some  is  weak  ;  it  is  very  peculiar,  and 
vefy  difficalt  coal  to  work. 
.  2103.  l^is  district  which  you  are  speaking  of  is 
not,  I  thin^  a  thickly  pt^ulated  district ;  no  large 
quantity  of  coal  would  have  to.  be  left  for  buildings 
or  for  othu- purposes? — ^No.  I  know  of  veiy  few  cases 
where  sny  eoal  is  left  tor  boildings. 

3104.  Do  yoa  woik  underneath  fte  bnildings  ? — 
Tes.     ■  ■ 

2105.  What  Is  the  efl^  ?— If  tiie  coal  is  worked 
on  thelong-w&U  system,  and  if  the  working  is  pretty 
rapid  under  the  buildings,  the  building  settles  down 
two  or  three  feet  lower,  and  that  is  all  the  effect. 

2106.  Do  yon  strap  U»  buildings  together  till  yon 
have  passed  underneath  ?— It  is  sometimes  dcme,  but 
not  very  often. 

2107.  Would  yon  work  underneath  valuable  build- 
ings in  that  way  ? — "So  ;  but  the  general  building  in 
that  country,  farmhouses  and  farm  building  are 
worked  under  with  scarcely  uiy  damage,  except  in 
veiT  rare  cases.  The  only  case  of  damage  is  wfaeone  a 
bniUlizig  rests  on  solid  coal,  and  the  wmkings  have 
been  carried  im  the  sid^  but  not  nndemeath  it.  If 
the  working  had  gone  nndemeaUi  Ae  building,  so 
as  to  allow  everytning  to  settle  down  gradnallj,  the 
building  would  not  have  been  damaged  ;  there  is  more 
damage  by  the  pull  over  thtm  by  the  subsUence. 

21^.  This  coal  field  which  you  have  been  speak- 
ing of  is  the  Leicestershire  field  ? — ^Tes. 

2109.  You  say  that  the  Leicesterdiira  is 
divided  into  two  coal  fields  ? — Yes. 

2110.  Do  your  observations  apply  to  both  those 
coal  fields  of  Leicestershire? — Yes.  I  have  been  speak- 
ing generally  of  the  two  portions  of  tilie  Leicester- 
shire coal  field. 

21 1 1 .  How  far  do  those  observations  spplj  also  to 
the  Warwickshire  field  ? — As  far  as  the  yield  per 
acre  goes,  it  holds  about  equally  true.  The  amount 
which  I  have  given  for  the  thinner  seams,  namely, 
that  the  gross  yield  for  sales  is  1^000  tons,  and  the 
coUiery  consumption  about  180  tons,  and  that  about 
800  tons  are  teft  behind,  is  I  think  true  of  the 
Warwickshire  seams. 

2112.  Have  you  thick  coal  in  Warwickshire  also? 
— Near  Coventry,  four  or  five  seams  come  together 
and  form  a  thick  seam. 

2113.  Is  that  worked  similarly  to  the  Leicestershire 
thick  seam  ? — In  that  part  of  the  Warwickshire  coa) 
field  the  trough  of  which  I  have  spoken  is  found  in 
the  measures ;  the  seams  there  dip  considerably.  At 
one  coliieiy  near  Coventry  th^  angle  of  dip  is  45 
degrees;  more  remote  from  Cbventry  the  sides  of  the 
trough  become  much  fiatter. 

2114.  What  is  the  thickness  of  the  main  coal  there  ? 
Tliere  are  five  of  the  Warwic^dure  seams  which  come 
together,  fomung,  yon  may  say,  <me  seam,  except  thrt 
there  are  a  few  siEiaU  partings  of  dirt  between,  them. 

2115.  What  is  the  total  thickness  of  the  seam  ?  It 

is  from  20  to  25  feet;  it  varies  very  considerably. 

2116.  What  proportion  of  that  amount  is  wmed  ? 
In  some  of  the  collieries  about  17  feet. 

2117.  It  varies  between  what  numbers  ? — ^It  varies 
between  22  and  17  feet. 

2tl8.  Ifi  from  17  to  2S  ^t  worked  in  some  of  the 
collieries  ? — Yes. 

2119.  And  what  is  the  total  thickness? — From 
20  to  26  feet.  The  seams  vary  very  much  thero.  It  is 
a  most  peculiar  district,  and  what  holds  true  at  one 
colUeiy  is  not  all  true  of  anoth^  colliery  a  miie 
away. 

2120.  What  is  the  lowest  proportion  of  flistt  seam 
which  is  left  behind  unworkeq  ?— -Perhaps  six  or 
seven  feet ;  not  in  one  soHd  block.  I  am  now  speaking 
of  one  colliery  in  Warwickshire.  Where  the  five 
seams  come  together,  the  lower  fbnr  are  worked,  and 
the  upper  one  of  all  is  left  behind.    The  method  of 
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working  there  is  to  drive  inclines  down,  either  to 
4>r  towards  the  bottom  of  the  trough  in  one  of  the 
seams,  and  then  to  sweep  ont  the  whole  of  the  cobI  in 
working  it  back  over.  This  diagram  shows  jou  that 
(jtrodueing  a  diagram). 

8131,  (Mr.  GfddBi.)  Is  that  by  the  long-wall 
system  ? — Tea.  ■  ■  :  .  ■  \ , , 

2122.  {Chairman.)  Then  this  roof  coat  which- yoti 
speak  of  is  left  behind- ?->-It  is  left  foehmd  in  that 
particular  colliery.  But  the  better  plan,  and  the  plan 
which  is  now  coming  into  favour  in  Warwickshire, 
is,  instead  of  getting  the  Ifiweet  seams  first,  and  leaving 
the  others  as  roofs  whilst  the  lowest  seams  are  got, 
to  get  the  upper  seam's  firs^  and  'iheo  to  allow  the 
roof  to  settle,  and  then  to  leave  a  small  portim  cf  the 
next  seam  at  a  rocf  om-w^  haa  beta^abeady  got. 

2128.  Would  there  be  any  difficulty  in  working 
out  the  lower  part  of  the  seam  first,  and  then  follow- 
ing upon  the  top  of  lbs  gobbing  wit^  a  second  woi^-* 
ing,  as  diey  do  in  the  St.  Etienne  workings,  which  you 
may  have  seen,  or  of  which  you  may  have  seen  plwis  ? 

 'FhtA  is  the  general  plan  now.   Jn  some  cases  then 

are  four  wdrkings,  and  in  some  cases  the  whole 
the  five  are  so  worked.   The  roof  mdines  over  thd 
gobbing  of  t&e  lowQf  feam  until  it  setOra  dowit 
solidly. 

2124.  Then  in  those  Cnstances  they  get  the  whole 
of  the  seams  out  ? — Yee  j  hot  in  some  of  the  coUiierjes, 
by  the  time  that  the  upper  seam,  the  fifth  seam,  is  got 
at,  Hxe  coal  is  fouad  to  be  so  crushed  that  the  yield  is 
very  small,  and  in  some  cases  it  is  entirely  left  tin  that, 
account. 

2125.  Then  even  nnder  the -most  ftvourable  dr^: 
cumstances  of  working  this  thick  seam  there  Would 
be  a  considerable  loss  ?— I  Hdvk  so. 

2126.  Will  you  state,  as  nearly  as  you  can,  what  Is' 
the  propordon  of  the  whole  coal  which  ia  lost  in  the 
workmg  ? — Perhaps  35  per  cent 

2127.  What  proportion  will  this  thick-  seam  ^ 
Warwickshire  bear  to  the  whole  of  Uie  coal  field  ? — 
FeriiapB  one-fifth  or  (me-sixtii  of  the  whole  of  the 
Warwickshire  coal  field  is  where  these  seama  cobib 
together. 

2128.  In  this  latver  part  ia  there  any  similar  loss 
in  the  working  ? — la  some  seams,  perhaps  a  foot  or. 
nine  inches  ara  left  as  a  roof ;  it  is  wnnd  ootmnieBt 
to  do  00. 

2129.  That  is  lost  ?— Tes. 

2130.  And  it  will  never  be  recovered  It  wiU. 
new  be  recovered.  In  the  Warwick^ure  coal  field 
the  total  thickness  of  ^  the  seams  i?  about  60  feet. 
The  seams  in  Warwickshire  are  very  iireeular  indoadj 
they  vary  very  rapidly  in  quality  and -in  uiidmeas.  - 

2131.  You  have  said  that  the  gobs  are  very  liable 
to  spontaneous  combustion  ? — ^Yes;  thw  are  luUde  tm 
spontaoeouB  combustion  in  the  whcdeof  the  Warwick- 
shire seams. 

2132.  How  do  you  generally,  deal  wiHi  the  aiMtter 
when  a  gob  ia  on  fire ;  what  mode  do  you  take  for 
putting  Hie  fire  oat  ? — ^The  general  wnj  is  to  mi^e  a 

hole  into  the  place  where  the  fire  is,  and  to  shovel  it 
out  as  iast  as  possible,  and  to  shut  up  the  place  with 
sand. 

2133.  Do  you  take  any  means  of  isolating  the  gob 
roads  ? — In  the  thick  seam  of  Leicestersh^  which 
has  been  spoken  of,  the  plan  is  to  carry  the  loada 
Huong^  the  goaf  with  clay, walk  on  dther  side,  so  as 
to  insulate  the  gobs  from  the  aJr. 

2134.  Bo  you  ever  find  that  you  have  to  insulate 


the  £aeeiO£  the  workiiig'fraQa  'the'  gob  ?*-»If  the  face  (J  75 

of  the  working  is  kept  going  two  or  three  yards  for  a  O.fMer.Etq. 

week  or  two,  there  is  no  difficulty  from  the  gobs  firing  — '. 

in  the  faces..    If  a  face  was  stopped  for  six  weeks  H  July  1869. 

or  two  months,  and  the,  circulation  of  air  was  going  ■  ■  ~ 
as  usual,  that  facse  would  begin  to  sweat,  and  then  yon 
would  have  a  fire.                              .  "     ?  'IS 

818)5.  Does  shuttiog  off  that  fire  extinguish  it  ?— ' 
It  will  do  k,  ahuttiag  it  up  fin*  a  mon^  or  six  weeka.- 

2136.  Hav^  you  trieid  water?— Water  has  been 
tried.  In  the  Warwickshire  mines,  the  sleep  mines  of 
which  I  have  been  if»eaktng,  where  the  same  difficulty  , 
arises  from  fire,  the  plan  which  they  adopt  is  to  fiU 
up  the  wort:idgs  behind  with  water,  and  tiiey  keep  it 
as  near  tite  face  of  the  mine  as  posatble  on  lhat  accoimt. 

Sl§7.  When  you  re^work  t&e  portion  of  coal  whicji 
is  now  bedi%  Ijsftiini those  seams,  do  you  not  ap^ehsnd 
tiiat  tbe  apontaneonp  cmtbustibn  will  be  tronblewme  ? 
— It  will  be  troublesome,  vbleas  the  mine  is'-firtt 
headed 'Out  to  work,  back,  and  then  carry  the  headings 
entirely.  Under  the  old  goa^  and  leavQ  a  shell  of  coal 
to  keep  the  fur  front  affecting  the  goafi.  I  now  know 
in  Warwickshire  a  case  of  that  very  thing.  An  upper 
mine  was  woi^ed,  and  they  are  now  working  a  mine 
beneath  it ;  they  ha^e  driven  headways  down  under 
Hie  goaf,  leaving  abo^i  two,  feet  of  coal,  and  (hjy  are 
now  bringing  back  the  lower  portion. 

^138:  Periiapa  you  may  know  that  in  some  part? 
of  the  ooontry,  in  Booth,  Staffi>rd8lure,  for  instance,  in 
wwking  their  thick  coal  they  have,  found  it  detiirahlfl 
to  have  only  a  small  amount  of  ventilation,  in  order 
to  prevent  this  spontaneous  combustion.  Is  that 
system  carried  out  in  the  Warwickshire  and  Lei^stei*- 
shire  fields  ? — The  ventiliitioa  ia  pretty  good  in'  both 
those  countiee. 

2189.  Yon  do  not  reduce  the  ventilation,  so  as  to- 
|«event  the  spontaneons  combustion  ?— In  Wai-wick- 
ahire  it  :ia  nnina9  to .  have  a  strong  ouraent  of  air 
mmung  along  a  g^>af  road.  1  think  that  a  sufficient 
current  of  air  to  keep  the  mine  ahfe  is  all  that  is  de- 
sirable in  Warwick^ire. 

2140.  You  find  in  prai^ice  that  the  cooling  ellect  of 
a  larger  quantity  bf  air  does  not  counterbalance  the 
efibct  which  it  has  lu  promoting  spontaneous  com- 
bivtion  ? — I  do  hot  Hunk  that  thai  is  true  in  War- 
wickshire. I  think  that  coursing  a  very  large  quantity 
of  Mr  through  workings  would  be  unwise. 

2141.  I  suppose  that  you  are  not  troubled  with 
much  fire  damp  7— No  ;  tiiere  is  very  litde. 

2142.  Xs  the  gas  which  is  ^ven  off  'from  these  Ares 
injurious  to  heahh  7 — ^It  is  injurious. 

2148.  If  you  find  a  fire  you  attack  it  with  shovels, 

and  put  it  out  ? — Yeb.  You  may  begin  to  smell  it  for 
a  long  time  before  it  breaks  out;  as  soon  as  the  smell 
is  perceiyed,  they  take  measures  to  stop  it. 

2144.     is  called  the  fire  stink  ?— Yes. 

214o).  And  you  generally  begin  to  attack  it  before 
it  gets  iiAo  an  aotiye  state  ?— Yes. 

2146.  {Mr,  Geddet.)  yfhai  do  you  generally  find 
to  be  the  temperature- in  tlie  workings  in  this  district  ? 
— The  temperatnrti  is  Toy  rarely  mu<^  above  Uie 
temperature  of  tiie  ooalt  it  of  course  varies  with  the 
increase  of  depth. 

2147.  What  does  it  range  to  ?— Perhaps  in  some 
very  extreme  cases  up  to  75  degrees,  but  you  may 
take  60  degrees  as  the  usual  heat  of  the  mines  in  that 
part  of  th&conn^. 

2148.  Tben  you  havA  no  difficnl^-in  carrying  out 
your  usual  operaticBu  t-r-^J^o. 


The  witaie»  withdrew. 
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Jahbb  Philip  Bakes,  Esq.,  WolTerhampton,  examined, 

WritLBT  DiSTBICT. 


2149.  (Chairman.)  I  believe  tbat  yoa  liave  been 
brought  ap  in  the  South  Stafifordshire  coalfield  ? — I 
have. 

2150.  And  you  have  a  £ood  knowledge  of  the 
^stem  of  working  the  Beams  there ;  and  you  are 
now  one  of  Her  M^ob^'b  Inspectors  of  Mines  ? 
—Yes. 

2151.  la  it  as  to  tlie  South  Stsffbrdshire  coalfield 
that  you  are  prepared  to  furnish  particulars  ? — Yes  ; 
the  South  Staffordshire,  and  the  East  Worcester  coal 
fields. 

2152.  Is  not  that  a  detached  portion  of  Worcestei'- 
shtre  lyii%  almost  in  Staffordshire  7 — It  is  not  de- 
tached, but  it  lies  in  East  Worcestershire,  west  of  and 
near  Dudley,  and  is  generally  regarded  as  the  Soutli 
Staffordshire  coalfield. 

2153.  What  are  the  varieties  of  coal  which  you 
meet  with  in  that  field  ? — The  Upper  Sulphur  Coal, 
the  LitUe  or  Two-Foot,  the  Brooch,  the  Herring, 
the  Thick  or  Ten  Yard,  the  Heathen  Coal,  the  Rubble 
or  Lower  Heathen,  the  Sulphur,  tiie  Newmine,  the 
Fure  Clay,  the  Bottom,  and  the  Mealey  Gray.  That 
is  a  general  section  of  the  southern  portion  of  the 
coalfield. 

2154.  Have  you  a  section  of  each  seam  which  is 
now  being  worked  ? — ^Yes. 


&BCTIOH  of  the  principal  workable  Sejlhs  of  Coax 
now  being  worked  in  the  South  Stai-pordshise 
and  East  Worobstebshirb  Distbiot. 
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FsLSALL  and  BBowvHaLS  DisTsicr. 
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Shallow  Coal 

Intermediate  measure^  about  -  16  0 
Bottom  or  Deep  Coal 


Brereton  Section  contains  15  seams 
of  coaL  ¥t<m  sorfiuse  to  the 
Twelfth  Coal,  about 

TwelflfaCoal 

Intermediate  measures,  abont 
Thinteenth  Coal  - 


120  0 
24  0 


2  0  0 
i    0  6 

3  0  0 

3    0  0 

12  0 
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Many  sections  of  the  coalfield  might  be  given,  but 
the  foregoing  shows  the  names  and  thickness  of  the 
most  important  seams  of  coal  at  work,  and  also  their 
approximate  depth  from  the  surface,  sufficient  fo? 
all  practical  and  useful  purposes. 

2155.  Can  you  state  what  is  the  amount  in  each 
seam,  taking  one  foot  in  thickness,  or  more,  which 
is  remuning  unworked  ? — Ko  ;  I  have  not  gone  into 
that  subject  sufficiently  to  enable  me  to  give  any 
definite  information  thereon. 

2156.  In  the  working  of  these  »eaii^s,  I  believe 
that  there  are  different  systems  followed  as  regards 
the  Thick  Coal  and  the  Thin  Coal  ?— -Tos. 

2157.  What  system  is  followed  in  working  them  ? 
— There  are  two  systems  of  working  in  the  Thick, 
or  Ten  Yard  Co^ ;  the  more  general  one  is  the  pillar 
and  stall  i^stem,  and  that  is  the  way  in  which  it  has 
been  worked,  with  very  few  exceptions,  from  time 
immemorial. 

2158.  What  is  the  width  of  the  stalls  ?_They 
vary  according  to  circumstances,  from  three  or  four 
to  nine  yards,  and  in  some  cases  to  a  greater  width. 

2159.  What  is  the  size  of  the  piUars  ?— They  also 
vary,  from  four  or  five  yards  square,  to  nine  aud  ten 
yards  ;  the  size  generally  depends  upon  local  circum- 
stances. 

2160.  In  going  over  your  first  working,  what 
height  of  seam  do  you  take  ?■— In  the  first  working 
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C78      on  tiie  "ptltaf  ftft'd  «TaU  Byswnr  !r!s  taken,  srftr  as 
J.  P.  BaktTt    praeticable,  firom  floor  to  roof ;  the  entire  seam  is 
extt-acted  Irf  separate  falls,  except  what  ifl  left  in  ^ 
14  jiily  1869    shape  of  ribs  and  pillars,  and  for  a  roof. 

2161.  In  working  out  your  levels  and  headways, 
what  height  do  yon  take.? — ^Nine  or  ten  feet,  and 
sometimes  more ;  it  depends  upon  the  charaeter  apd 
soandnesB  of  the  coal. 

2162.  In  commenoiug  the  stalls,  what  thickness  of 
coal  do  yon  take  ? — ^Xhe  lower  portion  of  the  seaoi 
colled  the  Benches  Coal,  Uiat  is,  the  hiding  drifl^ 
und^^ingi  one  ade  is  thep  cut  to  the  top.«f  the 
Slipper  Goal,  after  which  the  coal  is  broken  down  by 
various  means.  The  cutting  process  of  the  TarjoijB 
layers  around  the  pillars,  &c,'  is  repeated  at  intervals 
till  the  whole  thickness  is  worked  out,  so  far  as  it  n^ay 
be  safely  acounplished. 

2163.  There  is  layer  after  layer  ? — Yes  ;  in  some 
cases  layet  after  layer  falls  without  much  difficulty, 
and  veiy  often  without  cutting. 

2164.  How  does  the  coal  vary  in  thickness  ? — It 
varies  from  about  seven  to  ten  yards.  The  average 
thickness,  however,  of  the  whole  district  would  be  about 
eight  and  a  half  yards. 

2165.  In  getting  the  other  portion  yon  must  go  up 
by  ladders,  and  must  have  scaffolds  for  the  men  to 
work  upon,  must  you  not  ? — That  used  to  be  the  case 
formerly  in  cutting  the  top  series  of  coals,  but  that 
practice  is  now  far  the  most  part  abolislwd.  The 
upper  layers  frequently  fall  in  large  quantities  without 
cutting,  whilst  in  some  cases  the  operation  is  too 
dangerous  to  follow.  The  cutting  of  the  cools  should 
only  be  attempted  in  a  very  honest  and  sound  coal.  - 

2166.  That  is  where  sca^olds  and  ladders  are  used  ? 
— Tes. 

2167.  Is  that  system  now  entirely^  done  away  with  ? 
.  — ^Not  entii-ely,  but  for  the  most  part  it  is.   I  very 

rarely  find  anything  of  the  kind  going  on. 

2168.  In  w<ffking  by  pillar  and  stw,  the  workings 
would  be  in  « tapering  form,  getting  narrower  at  the 
top  than  at  the  bottom,  so  that  the  pillais  at  the .  top 
would  be  broadw  than  at  the  laoWsm  ? — Sometimes 
tiiat  is  so }  it  would,  however,  entirely  d^nd  u^On  Hie 
character  of  the  coal,  and  in  cases  where  the  sides  of 
the  pillars  are  not  cut. 

2169.  In  going  over  the  first  working,  what  pro- 
portion of  the  seam  is  actually  obtained  ?— That  is  a 
very  difficult  question  to  answer  with  r^ard  to  my 
district,  owing  to  the  boat  trade  system. 

2170.  If  for  local  reasons  y^u  are  unable  to  state 
what  proportion  of  the  seam  is  obtained  by  weight, 
can  you  inform  us  what  proportion  by  bulk  is  obtained? 
— Regarding  the  custom  to  which  I  have  just  aPuded, 
in  some  cases  it  has  been  as  low  as  9,000  or  1Q,000 
tons  per  acre,  in  the  first  working,  and  In  others 
perhaps  as  high  aa  15,000  or  16,000  tons  to  the  Ticket 
Book,  which,  however,  if  properly  weighed,  wonldhave 
doubtless  i-^whed  2(^000  statute  tons.  It  has  been 
found  in  pi-acttce  to  vary  from  about  12  to  15  (V 
I6,odo  tons  to  Ticket  "Boas,  per  acre  as  the  result  of 
the  fii-st  working  upon  the  pillar  and  stall  system. 

2171.  That  is  to  say,  of  the  whole  of  the  thickness 
of  n  seam  of  about  ten  yai'ds  in  thickness  ? — Of  seams 
of  various  thit^nesa,  averaging  8^  yards  as  the 
thickness  of  the  seam. 

2172.  That  is  about  640  tons  per  foot  per  statute 
acre  ? — Yes,  about  that  quantity.  It  would,  however, 
be  impossible  for  any  person  to  give  you  an  accurate 
statement  as  to  the  weight  in  statute  tons,  owing  to 
the  system. 

2173.  Then  let  us  drop  the  weight,  and  let  us  J»peak 
of  it  as  bulk  ?_That  would  be  the  better  course^ 
perhaps  as  I  cannot  give  you  the  proper  weight. 

2174.  What  proportion  of  the  whole  of  tiie  seam 
would  be  got  out  by  the  first  working  ?— About  50  or 
60  per  cent.,  and,  induing  the  secoj^  and  in  some 
cases  the  third  wwking,  70  or  75  per  cent,  onlj  on 
the  pillar  and  stall  system. 

2175.  And  one  third  would  be  left  I  am  clearly 
of  opinion,  that,  aAer  the  best  has  been  done,  .under 
the  spten^  with  the  Thick  Cot^  at  least  one  fbui-th,  if 


not'one  t}ilrd,  of  lhe  entlrelnfft'or  seam  is'teffc  nnder- 
^onndi^  and  ia  undoubtedly)  inrecoverably  lost. 

2176,  What  is  the  second  'working? — The  second 
working  is  very  similar'  to'  the  first;  We  drive  out 
gate  roads  through  the  ^af,  ribs,  and  pillars  to  the 
extremity  of  the. property,  or  to  a  given  distance,  and 
then  work  homewards,  extvacting  the  pillars,  &&,  and 
what  is  found  in  the  goaf  which  is  worth  brizigiBg  to 
tiie  surfftpe.  .    .  -  | 

2177,  Then  from  tiie. nature  of  such  a  workii^  ad 
tiiat  tiiere  mast  Beoeaaarily  be  a  large  qnantitj  <iX  coal 
cnwhod  and  destn^ed     Xes,  a  voy  la^  quanti^. 

2178,  Of  Ae  ^brtion  upon  which  you  commenced, 
of  the  ribs  and  pill^fs,  how  mudi  would  be  sent  to 
baqk?— The  proportions  vary  very  widely  ;  it  would, 
however,,  be  a^ut  one  fourth,  . 

2l7d».  lb  there  any  third  working  ^-vfTkace  have 
been  third  workkigs  ;  but,  generally  speaking,  I  think 
that  the  second  working  suffices ;  it  may,  however,  go 
pn  to  a  third  and  a  fourth  working,.,  ^ecsqa^.  (work- 
men) are  tp  fofind  willing  to  work  aod  searoh  when 
pillars -are  known  to  be  left.  They  are  sometimes 
allowed  to  wdrk  *  the  mine  at  so  much  per  we^  ;  in 
some  cases  perhaps  at  as  low  a  rate  as  1/.,  which,  how- 
evtir,  appUea  more  .to  thin  mines. 

2180.  Of  tite  coal  which  is  obtained,  how  much  on 
the  average  will  be  lacge  and  how  jdm^i  will  be 
email  ? — It  v'aHes  so  considerably  in  snch  wwJungE 
that  speaking  of  the  district  generally  it  is  a  very 
difficult  thing  to  give  the  average  ;  it  might,  never 
theless,  reach  about  80  per  cent,  of  slack  and  20  per 
cent,  of  coaL  In  a  case  of  working  the  top  part  of 
the  thick  coal,  that  is,  where  it  is  worked  at  twice, 
and  on  the  best  plan,  the  yield  of  slack  wu  only 
about  33  per  cent.,.whUst  in  other  cases  it  variee^  and 
sometimes  reaches  90  per  ce9t.  of  slack. 

2181.  {Sir  WiUiam  Armstrong^  Wonld  yoa  eay 
that  there  would  be  half  slack  r — Yes,  in  many 
instances^  though  the  quantity  is  very  uncertain 
owing  to  the  peoQlIar  character  of  this  coal.  I  have 
now  befi>re'  me  a  colliery  v£  about  30  acF^  where 
tibmt  75  per  cent  of  Coal  was  got,  and  only  25  per 
eetit  of  sLack ;  and  anoffaerof  mbeh  larger  ^nensions, 
where  the  opposite  was  the  result. 

2182.  \Chairnum,)  What  mesh  does  the  lacge  coal 
^over  ?r»X1i«n  ip  no  ineeh  of  any  particular  eise  or 

2183.  What  do  you  call  amaU  coal  ?~The  slack, 
in  n^  district ;  a  vesy  conmderaMe  portiMi  of  wiiidi 
would  be  regarded  as  coid  in  some  mstricte  ;  in  fact 
it  has,  in-  some'  iiMltUieea;  been  fiHmd  good  eoongh, 
and  large  enough,  to  be  sufficient  ftw  inm  w^j^ 
The  elacl^  sa  ouled,-  whidi  occasiraudly  goea  to  iroD 
works,  is  screened  there,  ^d  sa$cient  lai^e  coal  i» 
got  out  of  that  slack  to  work  the  puddling  furnaces. 

2184.  Up  to  what  size  are  the  lumps  mixed  with 
what  you  call  alat^  ?-r-:In,  some  eases  tbK«  are  Inmp^ 
to  be  found  of  half  a  hundredweight  of  inferiw  coal. 
The  size  and  quality^  however,  will  depend  upon  title  cha- 
racter of  the  coal  i  if  the  coal  is  inferior  acousiderabW 
quantity  is  generally  sold  as  slack  at  an  ini^or  price. 

2185.  What  do  you  .call  the  large  <Hii&  ? — 31k 
lai^  coal  consistB  of  the  largeet  lumps  ooid,  and 
as  tiiey  detn'ease  in  siae^  and  where  the  ownerb  think 
fit  to  make  two  or  three  difif^rent  kinds  far  sale,  the 
price  is  fixed  accoi^ingly,  r^ulatlng  it  dowu  to  the 
fine  slack,  which  is  very  fine  indeed  j  it  may  be  termed 
the  screenings,  or  the  refuse,  left  after  the  better 
classes  have  been  taken  away. 

2186.  (5tr  William  Armstrong.)  Do  you  know 
the  pro|K)rtion  of  it  ? — Sot  exactly ;  but  a  very  large 
proportion  of  it  is  really  run  to  tliB  waste  hmp^  and  is 
bomt.  I  am  net  prepared  to  give  an  a(H»rate  ac- 
count of  that  quantity;  aU-"l£at  I  coaM  now  do 
would  be  to  avera^  it  _ 

2187»  (Mr.  Geddetyja  it  left  in  the  mine*  3L-A 
portiw  of  it  is  left  m-  the  mines, -fefrt-ef  very  krgv 
quantity  of  it  is  taken  to  the  hea;^  .^|iQre  it  is 

consumed,  to  the  extent  of  many  thousaad  tooa.  Thu> 
slack  is  non-caking.    If  we  had  some  othW  kind  of 
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Black  ■  to:vpe<inkh  it  I  }»w  no  doubt  tlAt  it  could  bo 
turned  to  a  better  account. 

2188.  (Sir  Wiiliam  Armstrong.)  We  want  to 
ascertain  what  qnantity  of  ooal  is  wasted;  You  saj 
that  what  is  left  in  the  mine,  and' is  irrecovorab^ 
lost,  amounts  to  from  one  third  to  one  fourth  ?  — Yes. 

2189.  Li  what  shape  is  it  left  ? — In  the  first  place, 
a  pfHtion  <tf  it  ia  cat  aiway  in  the  holing'  drift. 
Generally  speakii^,  the  roof  is  coal,  and  is  left,  the 
thioknesa  of  whi<£-  raries  irom  one  to  four  or  five 
feet.  The  sknta  above  it  Bometbnes  &II0  wifb  and 
upon  tl^e  remuning  coal,  and  for  ever  buries  it.  It 
is  very  rare  that  any  portion  of  that  coal  is  recovered 
in  the  second  working. 

2190.  Then  the  quautily  which  is  brought  to  the 
surface  is  something  short  of  three  quarters  of  the 
whole  ? — Yes  ;  the  lunount  lost  is  from  one  fourth  to 
one  third. 

2191.  Then  nearly  three  foiurtiis  come  to  the  sur- 
face ? — ^Yes. 

2192.  Do  you  aay  that  a  eeritin.ptopot^iim  of  that 
is  burnt  on  the  heiqps  as  dust  sm^  and  uat  the  rest 
is  saleable  ?— Yes. 

2193.  Can  70a  give  iu  ai^  idea  of  ifae  qiiaiititT' 

whiclt  ik  burnt'  as  dust  apiall  of  the  portiob  whi<^ 
comea  to  iMnk  i-^TeAkpe  fixtm  one  to  one  and  a  half 
car  two  per  ctot.  of  tt\e  mtire  qaantlty  got. 

2194.  Then  all  the  rest  is  saleable  coal  ? — Iti8n(rt 

idl  saleable,  but  nearly  so. 

2196.  Adding  that  to  the  two  per  cent,  which  you 
have  given  us,  what  do  you  suppose  would  be  the 
total  amount  of  unsaleable  coal  after  it  comes  to  the 
bank,  including  every  thing,  which  is  not  sold?.— It  is 
so  small,  considering  the  total  quantity  raised,  that  it 
is  hardly  worth  noticing.  I  think  that  from  one  to  two 
per  cent.  urovAA  cOver  &e  general  loss  of  the  quantity 
actually  raised. 

2196.  TSia£  incdudes  the  stone  and  the  rabbish,  and 
everything  else  Yes.  .In  spme  cases  it  p^huis 
would  be  mudi  highi^,  w^icb,  without  Vwy  caFenil 
examinati<m  and  ioquiiy  into  particular  cdlioiee, 
it  wonld  be  a  very  dimonft  thing  to  state. 


2197.  How  do  yon  classify  the  rest  fw  sale  ? — ^It  is 
cidled  "  best"  and  *'  common." 

2198.  How  many  classes  are  there  ? — There  is  no 
regular  rule.  Colliery  owners  class  their  coal  according 
to  circumstances  at  their  own  collieries;  viz,  "best," 
"  common/'  **  forge  coals,"  the  "  inferior,"  "  best  slack,** 
and  *''fine  slack." 

2199.  The  fine  slack  is  that  which  you  destroy,  is 
it  not  ? — ^It  is  not  all  destn^ed.   A  portion  of  it  is . 
sold,  but  not  a  very  large  portion.    I  may  at  once  say 
tiiat  the  bulk  of  that  very  fine  slack  goes  to  the  pit 
heap.' 

2200.  But  still  the  quantity  lost  is  only  one  or  two 
per  cent.  ? — ^I  do  not  mean  to  say  that  that  slack  is'  all 
lost.  After  it  has  lain  for  a  time,  a  portion  of  it  is 
occasionally  carted  away,  and  sold  at  a  very  inferior 
price. 

2201.  But  the  quantity  lost  is  only  one  or  two  per 
cent.  P — ^Not  more  ;  I  ain  speaking  of  what  is  actu^tlly 
consumed  by  fire  on  the  pit  bank,  or  allowed  to  perish 
Ibeiwi).  ■ 

2202.  Do  the  classes  which  you  have  mentioned 
depoid  upon  the  size  of  the  coal  ? — No ;  the  quality 
and  the  eharaeler  of  tiw  eod  genendly  regidate  that 
In  one  casci  you  may  have  a  very  bright  bituminous 
coal,  and  in  aBotber  a  very  hard  inferior  or  friable 
coal,  one  being  snitabte  for  furnaces  and  ibrgo  pur- 
poses,'and  the  other  for  domestic  use. 

2203.  Then  this  thick  eeasa  is  composed  of  coal  of 
different  qualities  P — Yes  ;  and  it  varies  at  di&rent 
collieries.  In  fact  it  is  a  difficult  thing  to  get  two  sec< 
tions  exactly  alike. 

2204.  Can  you  gee  any  possible  method  of  diminish- 
ing the  total  lose  in  the  colliery,  and  getting  more  to 
bank  than  at  present  P — Yes,  by  the  longwall  system ; 
that  yleTds'  a  much  larger  quantity. 

2205.  (Ckairma».\  Will  you  describe  the  other 
system  of  wbrfcihg  this  thick  coal,  namely  by  long- 
.w^  P— rl  have  t^re  a  sketch  showing  the  two  systems 
(producing  Me  stime).  The  one  which  we  have  been 
talking  about  is  worked  by  large  and  siaall  pillars, 
which  are  shown  on  the  plan.  This  is  a  section  of 
1, 
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that  mode  of  working.  The  while  lines  reprt'fent 
the  [inrtliigs  tti  llir  roal,  whidi  limitB,  more  or  lo6&,  the 
extent  of  cutting  n^quived  for  the  respectivp  falls  of 
cohI. 

2206.  {Sir  fVilliant  Armstronff.')  Huw  do  jiien 
escape  these  fallH  I  ani  sorr^  to  my  tln*t,  tboy  do 
not  alwny?  escape  them.  The  loas  of  life  by  sutb  faUs 
has  lietn  n  fi7in^  evil  in  my  district  i  nnd  m  former 
jvasrs  \*y  far  thp  largest  proportiou  fell  to  the  Jot 
of  thick  coul  collitTii.  Alier  a  certain  time,  the*c 
galleries  become  &o  higU  ifiat  il  is  imprncticalile  to 
use  timber  propw,  and  then  of  course  tlie  risk  becomes 


very  much  pTeater  in  gpttin};  tbc  upper  ptL, 
seam  {the  wiini'sx  descrHir.ft  the  tlrawiufj  to  t 
mittec).  1  have  known  the  i  tjof  of  tlni  tlilcl 
goou  us  to  allow  of  gome  o{  iby  pilltufi  1» 
Iracted  in  the  tiirsl  working  ;  bin  ibni !»  au 
cose.  These  pillnrs,  so  far  i\&  Ihe^niaybtr, 
covered  by  tJie  t^pcond  modu  of  working, 
out  ftgfda  through  ibe  goaf.  The  lungwail  f 
here  repi'cseriled.  This  \v  driven  uulxcrvi 
the  general  mode  ul'  longwiLlI  workiug  uhr 
explained  ihe  syutein  of  UnnjwuU  worhm 
drawing). 


SOI  TII  t^TAFTOHJMllIRK  TlllClt  UOAL. 

rian  of  LoDg  Wall  System  of  vforking. 
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'22ii~.  {  Vhaii  ihan.)  TIk-  lir^l  dru  iti^  nm  i„  nn  iJif 
tipper  bi.ii  of  Khi'  scftiii  ?— Yes;  and  this  showy  the 
mode.  It  i»  wnrkt'd  oiii  iviih  long  (sweeping  fwcs  or 
Bides  of  work,  aud  ihf-  i-aof  or  lop  part  is  rifled  or  ;rol 
down  in  th  >  goaf.  The-  Rupcriuciinilenl  wei^rht  frc- 
qiHutly  truehcs  and  breaks  it  down.  At.  mueb  nf  it 
a*  can  bo  itt  then  carried  to  hmik.  It  is  a  diflicnlt 
thing  to  get  il.  all  ckvir  out  in  overy  inslauce,  Ailer 
tiie  hivtorroj^pHrtof  (he  working  U-en  accom- 
ph-slK-d,  II  .«imititr  process  takes  pliwe  nt  llie  bottom  of 
the  senm. 

2208.  {Sir  WiUinm  Armittrmifi.)  Would  not  your 
roof  be  vrrj-  In.iiblefionie  ?— Occjisioijally  ;  hut  rn 
some  plaees  we  liiive  a  thick  parting. 

2209.  iCh(nmtnn.\  la  not  fhe  lon^rwall  woikine 
generally  i-onfinod  to  where  ihete  ia  u  li:ird  partinL' 
between  ?_Yes.  whore  il  exists.  Several  colliL-ir 
pro|jrietor«  have  adcuied  the  lontrwall  system 

tweeu-;_5'^;,;'"^-^  ^'^'^ "  "'^^  f"'"*'^^ 

inB^riV  i^ir  '^  "'I  longwaii  system  was  first  com- 
inenced,  I  beUeve  that  the  coal  U  not  so  ttick  ai  at 


iiiJiei'  purls  i* — ^ot  quite  so  thick;  it  would 
eight  yards. 

2212.  (.ViV  WiUiiim  Armstrf»ig,)  If  yoii 
this  hiird  Hoor  to  fnll  n|>on  to  support  tli 
Ntntr,  jjow  do  you  roanogL'  ? — In  that  i-nst' 
a  wutticicut  roof  of  eonl  lo  i^npport  the  gojif  ti 
%vorking, 

^21 3.  \\"oulrt  not  that  He  a  Joes  ?— A  j>or 
would.    We  could  nevei'  get  the  whole  uf  it 

2214,  In  onler  lu  I'orm  a  rocd"  of  coal,  niD» 
hiivo  a  rnnitideralle  thielcneps  of  coal  ? — Y<y 
eafle?  ;  Iiui  it  depend.-  in  a  great  nienftun: 
goaf  above  it.  To  work  It  jHoju'rly  ftH  ll 
ought  Jo  he  cleared  out  in  the  lirt^f  wi^rkim 
in  the  upper  portion ;  but  where  you  Jiave  t 
coul  roof  or  a  portion  of  (firee  or  four  feol  vl 
seam  itself  you  eanuol  jret  idt  thai  out  tn  tl 
W'orking ;  some  of  it  ib  suru  10  be  JfJ^t. 

221o.  {Chuirptan .)  liv  wliieh  t^yeleni  wf 
do  yuii  liiifi  that  ifii  filfftst  amount  of  <.t* 
taiaed?^By  (be  lon^vali^ 
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2216.  {Sir  WUUam  Amulrong.)  WUl  ym  have 
these  partings,  or  not? — Certainly. 

2217.  (CAotman.)  As  regards  safety,  which  system 
do  you  find  most  advangeons  ? — The  longwall.  Fati^ 
accidents  in  the  mine  on  the  kn^walli  system  are 
veiy  rare. 

2218.  So  that  you  generally  find  that  the  advantage 
lies  on  the  side  of  the  longwall  ^stem  of  working  ? 
—Yes,  in  evei^  i-espect. 

^19.  How  18  it  that  that  ^tem  has  heen  so  stow 
in  oon^g  into  general  use?— One  reason,  perhaps, 
may  be  assigned,  that  in  foimer  times  the  object  was 
to  get  as  mndi  luge  ooal  as  tlw  mine  could  possibly 
produce ;  bat  in  later  times  the  colliery  proprietors 
and  omsamen  of  ooal  have  become  wiser  ;  thej  find 
that  they  can  use  to  pretty  much  the  same  advantage 
coal  of  a  smaller  sixe  ;  therefore  thi^  reason  for  work- 
ing on  the  pillar  and  stall  mode,  I  Uunk,  is  now  being 
lost  sight  of. 

2220.  By  the  pillar  and  stall  system  they  get  larger 
lamps  of  ooal  ? — ^Yes  ;  all  things  being  equal,  the 
pillar  and  stall  system  of  working,  as  a  rule,  makes 
a  larger  amount  of  lar^  coal  than  the  longwall 
system.  ' 

2221.  But  yon  do  not  get  so  mnch  in  quantity  ? — 
Certainly  not. 

2222.  I  have  seen  the  8oath  of  France  system  of 
wooing  a  seam  of  coal  thicker  iJiaa  Ihis,  vatying 
from  a&ut  70  ftot  up  to  100  feet  in  thickness.  They, 
on  the  first  working,  took  about  eight  feet  of  the 
bottom  of  the  seam  entirely  out  by  longwall,  and  it 
went  on  sacceesively  to  the  top,  each  working  having 
for  its  bottom  the  gobbin  of  the  formw  one,  and 
where  there  was  not  sufficient  stuff  for  gobbin  in  the 
mine  it  was  sent  in  from  the  surface.  Have  you  had 
any  similu-  system  tried,  of  beginning  to  work  first 
the  lower  parts  of  this  thick  coal  in  Staffordshire  ? — 
No,  not  to  my  knowledge  ;  nor  do  I  think  it  would 
answer. 

2223.  For  what  reason  ? — think  that  the  crushing 
and  grinding  which  the  coal  would  undergo  would  not 
answer  eitiior  in  a  mining  or  ccnnmercial  point  of  view. 

Some  of  that  coal  is  a  good  bard  coal  ?— 
Tes ;  but  there  is  a  great  quantity  of  slack  jffodnoed 
in  working  it. 

2225.  But,  so  &r  as  you  know,  the  system  has  never 
been  tried  ?— No. 

22%.  And  I  suppose  that  you  have  been  in  a 
very  large  number  the  thick  coal  collieries  of  South 
Staffbrd^ire  F — I  have. 

2227.  In  one  system  you  have  a  gob  of  the  former 
working,  which,  I  dare  say,  crushes  down  oademeath 
where  the  men  work  ? — Yes,  and  sometimes  incloring 
the  whole  gallery. 

2228.  l^ose  are  the  only  two  systems  which  you 
are  aware  of  as  havii^  been  tried  with  regard  to  this 
thick  coal  ? — ^Yea. 

2229.  In  former  times,  probably,  the  waste  was 
greater  than  it  is  now  ?— Yes,  very  mnch  greater. 
I  have  no  doubt  tiiat  millicmB  of  tons  now  lie  buried 
undei^roond  in  the  South  Stafftnrdshire  coalfield,  a 
very  large  pn^rtaon  of  which  is,  probably,  bey<md 
the  hope  of  resurrection. 

2280.  That  is  where  a  seam  has  been  gone  through, 
and  the  remainder  has  been  lost  ? — Yes. 

2231.  Some  people  tell  us  that  there  is  not  a  very 
lai^e  proportion  of  this  coal  seam  left  now  to  be 
worked  ;  is  that  so  ? — It  is.  The  period  is  not  very 
remote  when  I  think  the  whole  of  the  known  and 
developed  Scmth  Staffordshire  thick  coal  will  be.ex- 
hausted. 

2232.  Except  perhaps  pickings  ? — Yes. 

2283.  (JIfr.  Oeddet.)  Are  there  any  other  seams  to 
fall  bacjc  upon  ? — ^Yes  j  there  are  various  seams  where 
the  thick  coal  {ffevails,  bu^  taking  a  huge  pn^rtion 
of  the  coalfield,  there  are  but  very  few  workable  seams 
bkow  the  thi<^  coal,  and  some  of  them  are  inferior  in 
thUikness,  and  in  some  cases  infbricv  in  qu^ty.  The 
best  pajring  coal,  and  that  which  yields  tite  greatest 
profit,  is  generally  wrought  first.  It  will,  however, 
become  a  question  in  after  time  whether  or  not  such 
seams  of  coal  as  are  now  found  depreciated  in  quality 
aad  is  thi^ees  may  foe  profitat)^  worked* 
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2284.  Of  what  thickness  an  those  seams?— They      ^  ^ 

vary  very  much.  ^-Baktrt 
2235.  {Sir  William  Armstrong.')  Have  yoo  «iy-   ^ 

thing  comparable  to  the  thick  coal  ? — No  ;  we  have   14  Jaly  lae^ 

the  heathen  uool  •  that  would  range  from  1  foot  S  to  ■ 

4  feet ;  that  is  the  first  coal  under  this  thick  coiU. 

The  next  is  the  sulphur  coal,  which  I  have  known  to 

vary  from  I  foot  3  to  7  feet. 
2286.  {Mr.  Geddea.)  At  what  depth  of  shaft  would 

you  command  those  tiiree  seams  below  the  thick  coal  ? 

— ^In  the  section  of  which  I  am  now  speaking  it  would 

perhaps  range  firom  40  yards  to  120  or  130  yards, 

and  in  some  cases  to  220  or  280  yards. 

2237.  Have  there  been  any  trials  still  deeper  than 
that  ? — ^Yes.  I  come  next  to  the  new  mine  whU  ;  6  feet 
in  thickness.  Then  the  fire-clay  coal ;  that  would  be 
from  3  feet  to  7  or  8  feet  in  thickness.  The  next  in  the 
series  is  the  bottom  coal,  so  called.  It  varies  from  3  to 
12  feet.  The  kst  in  that  portion  of  the  field  is  called 
the  mealy  grey,  and  that  ranges  from  3  to  4  feet 
in  thickness  j  it  has  not  been  very  extensively  worked. 
The  section  wMch  I  have  just  read  comprises  the 
southern  portion  of  the  coalfield  ;  but  as  we  go  in  any 
direction  firom  the  southern  part  of  the  coalfield  the 
section  differs  very  materially. 

2238.  Has  there  been  any  boring  deeper  than  that  ? 
— ^Yes.  Gmnff  northwards  towank  the  Wyrley  and 
Essingttm  eoameld  we  get  a  difi^ntsecticm  altogether 
from  the  one  which  I  have  just  read,  bnt  I  have  no 
doubt  that  they  are  the  representatives  of  some  of 
those  which  I  have  just  enumerated.  The  first  seam 
generally  worked  is  the  cannel  coal,  about  4  feet  in 
thickness.  The  next  is  the  benches  coal,  about  2  feet 
thick.  The  cool  measures  which  I  am  now  mentioning 
are  actually  in  work.  The  bottom  coal  would  be 
8  feet ;  the  Essington  four  feet  is  from  4  to  5  feet  in 
thickness.  That  is  what  we  consider  in  the  district 
the  bottom  part  of  the  ten-yard  coal,  so  that  we  get 
into  a  new  field  totally  unknoirn  in  the  sonthem  part 
of  the  coalfield. 

2289.  So  that  these  are  the  same  coals  ?— Yes. 
Regarding  the  4-foot  as  the  bottom  part  of  the  thick 
coiO,  the  quality  of  the  coal  in  the  four  last-named 
seams  is  very  good. 

2240.  1e  the  quality  of  tiie  coal  winch  you  spoke 
of  immediately  below  the  thick  coal  good  ? — ^Yes  ; 
with  the  exoepti<m  of  two  seams,  the  siilphur  and 
the  mealy  grey. 

2241 .  ( Chairman )  Then  some  of  these  thinner 
seams  which  you  have  been  describing  lie  above  the 
thick  ooal  and  some  below  ? — ^None  above ;  but  the 
latter  are  doubtless  its  rqnesentatiTes.  The  fbrmor 
lie  below  it. 

2242.  And  in  parts  of  the  field  they  have  been 
extensively  worked  as  well  as  the  thick  coat  ? — ^Ye«. 

2243.  And  in  some  portions  they  have  been,  per- 
haps, entirely  worked  out  ?— Yes  ;  take,  for  instance, 
the  brooch  coal.  That  is,  perhaps,  one  of  the  best 
domestic  coals  in  thnt  part  of  the  coalfield,  Then  the 
little  or  two-foot  coal  above  that  has  been  partially 
worked,  and  is  actually  at  woii  at  the  present 
mranent.  Tliere  is  the  flying  red  coal;  that  is 
sometimes  found  between  the  brooch  and  thick  coal. 
The  fiyiog  red  coal  is  the  top  part  of  the  thick,  which 
in  some  cases  splits  off,  owing  to  an  intrusion  of 
other  measures ;  therefore  it  becomes  an  independent 
workable  seam. 

2244.  Ihen  the  seams  which  lie  below  the  thick 
coal  will  be  partially  «■  wholly  woiked  out  ? — Tes, 
partia^y  so. 

2245.  In  the  old  part  of  the  coalfield  you  have 
extoiuvely  worked  out  to  the  lowest  seam  ? — Tes. 

2246.  What  have  you  bdow  that  ?— The  lowest 
seam  is  the  mealey  gr^  -coal.   In  the  southern  part 

the  coalfield  it  has  not  been  very  extennvdy 
WOTked,  but  it  is  now  being  got.  N^t  in  order  we 
get  the  blue  flat»  ironstone,  and  the  next  series 
which  we  come  down  upon  is  the  Silurian  Ihneetone ; 
tint  lies  pretty  conformably  with  the  ooal  measures 
themsf^es. 

2247.  On  the  neww  part  at  Cannock  Chase  have 
you  got  to  the  bottom  of  the  ooalSeU  ^^Te0  ]  at  any 

rate  I  thiok  «o*  -  ^  i 
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V  234^1- And  as  iar  aa  has  yet  faeoK  proved  there  are 
J.  P.  Bair  ■        coala  helow  the  seams  which  are  being  worked  ?— ■ 
Saq.    *    JiTa  .  The  lowest  seapi  of  coal  whidi  is  worked  at 

  Cannock  Chase  is  what  is  called  the  deep  coal. 

>4  Jay  1869.      2249.  And,  aa  far  as  you  knew,  that  is  the  lowest  ? 
'  -,-1  knew  of  no  other  coal  at  present,  of  value,  having 

^een  found  below  it.  , 

2250.  Taking  this  co^  which  has  been  wwked,  the 
thhdL  aad  tiw  thin,  is  any  of  the  smaU  ooal  thrown 
into  the  gob  and  lost  there  ? — Tes. 

2251.  What  proportion  ?— ^In  working  the  thinner 
seajDS,  the  coal  cut  to  pieces  by  the  hewers  or  pike 
men,  except  a  small  portion,  is  thrown  into  the  gob, 
and  that  is  irrecovor^ly  lost. 

2252.  Is  any  other  small  coal  thrown  into  the  gob  ? 
—Yes.  Of  the  small  coal  made  in  bringing  down  and 
working  the  coal  a  laj^  portion  is  left  under  foot, 
and  a  considerable  quantity  ia  also  gobbed  and  not 
sent  to  bank.  I  am  now  speaking  of  the  longwtUl 
system. 

2253.  Is  there  any  great  amount  of  small  coal  in 
the  district  ? — There  is  a  large  amount  of  small  coal, 
much  of  irikich  could  be  raised  if  a  better  prifse  were 
given  for  it 

2254.  I  suppose  that  yon  are  aware  tiiat  in  some 
iron  'districts  nothing  but  small  coal  is  used  .in  the 
puddling  and  balling  fumaoea.  Is  it  bo  in  Sonth 
Staffordshire?  —  Yes,  to  sqme  extent.  Tbete  is 
nothing  like  the  amount  of  large  coal  used  in  iron- 
works now  as  formerly. 

2255.  Can  you  say  what  proportion  of  the  cOal  is 
left  behind  ?— I  have  no  doubt  that  in  working  the 
thinner  seams,  taking  into  account  what  little  is  left 
for.  a  roof,  there  is  not  less  than  25  per  cent,  of  the 
whole  left. 

,  2256.  Including  the  roof  coal  ? — Yes. 
.2257.  In  addition  to  that,  what  amount  is  left  for 
pillars  for  shaft  or  surface  or  other  suppui  ?— -Gene 
rally  Eqieakiog,  not  jnucih  is  left  &r  that  purpose.  I 
have  known  many  a  worUng  actually  oommenoe  at 
the  faj)tton^  of  the  shaf^  in  workisg  both  eoal  and 
ironstone,  without  leavii^  any  of  the  seau  Sat  «apport 
to  the  bottom  of  the  shaft. 

2258.  Is  that  system  frequently  practised  ?--^Ko, 
not  now ;  but.it  was  so  with  some  of  the  old  fashioned 
miners.  i 

2259.  Will  pillars  be  left  for  the  bottom  of  the 
shaft? — Yes;  but  they  are  generally  very  smaJL 
When  a  seam  of  coal  is  cleared  out  the  working  are 
brought  as  near  to  the  shaft  aa  circmnatanees  wUl 
allow. 

2260.  That  is  in  finishing  the  pit  Yea. 

^261.  There  will  be  some  loss  ?— It  wjU  be  very 
trifling. 

22^..  Your  pita  are  so  numeroiis  that  yon  will 
have  half  a  doaen  perhiqu  in  one  fi^d  ? — Yes  ;  and 
BometimeB  mcate.  In  a  cidliery, .  o£  which  I  was 
manager  8<»ae  years  ago,  we  had  in  all  about  54  pits 
of  various  depths  on  an  area  of  about  100  acres. 

2263.  Then  a  very  little  bit  left  in  each  would 
amount  in  the  aggregate  to  a  considerable  quantity  ? 
—Kot  very  considerable^  as  some  were  ironstone  pite. 

2264.  Is  there  any  loss  arising  from  pillaes  which 
have  to  be  left  for  the  support  of  buildings  on  the 
surface  ? — Yes,  occasionally  .;  but  many  of  the  owners 

.  unfortunately  find  their  buildings  very  little  regarded 
The  houses  and  other  buildings  may  be  finqnentiy 
found  leaning  in  all  directions  through  mining  ope- 
rations. 

2265.  You  work  away  all  the  coal,  and  let.  the 
buildings  lean  one  way  or  the  other,  and  straiten 
themselves  afterwards  ?*^ot  in  all  cases  j  and  it  is 
very  rarely  that  they-  sta^hten  thenuelvw  .idiere 
th»t  conxBB  is  pursued.  X  faave^  howvrw,  known 
seams  worked  onl  underneath  close  up  to  Uie  fantlding 
without  doing  any  appreciable  damage. 

2266.  Yoq  say  "-unfortunately."  fVom  my  know- 
ledge of  that  district,  J  .tibink  that  some  of  the  thinner 
mumB  are  worked,  out  v?^  dofta  indeed,  and  instead 
of  wasting  h  lai-ge  quantity  you  work"  It  .olean  out, 
apd  do  not  wasi(^,*ny  of  this  -^aiuable  .fuel  r— It  is 
not  all  clean  ^fip')(ed  out  unden  .stULO^.ciroamBtanceB* 
I  Inade  use  oi  those  observationa  simpl}i'i#  jfabw  iiQW 


the  buildings  were  (^n  chmi^^  and  I  may  add 
that  there  has  been  .a  good  deal  of -eostly  litigatioQ  ia 
consequence  of  the  damage  done  to  buildings.  By 
working  the  thick  or  ten  yard  and  other  coals,  build- 
ings have  been  very  mnch  damaged,  and  eometiinB 
razed  to  their  foundations. 

2267.  What  is  the  greatest  distance  beyond  the 
working  itself  where  the  sar&ce  has  been  drawn  ?~ 
It  varies  veir  much  according  to  local  drcamstaDoea. 
I  onoe  heard  it  utated  (bat  it  did  not  aetnally  cone 
undw  my  notice)  that  in  the  case  of  a  thid^  cod 
working  in  the  n^ghbourhood  of  West  Bromwich, 
which  was  carried  on  a  very  long  distance  from  the 
church,  that  the  churdi  was  affected  by  the  working 
of  the  coal.  But  there  is  no  rule  with  regard  to 
leaving  a  distance  frwn  a  building ;  it  ail  dependi 
upon  local  circumstances.  In  some  cases  it  wooU 
perhaps  be  drawn  the  dep&  of  the  shaft.  I  have  no 
doubt  that  where  the  coal  seam  is  six  or  eight  feet  in 
thickness,  and  fr<nn  30  to  60  or  70  yards  deep,  it 
^ould  afiiw^t  the  surface  more  or  less  for  50  or  60 
yards  from  the  face  of  the  working. 

2268.  And  it  would  be  actually  a  draw  of  an  angle 
of  45**  ? — I  do  not  say  that.  It  would  depend  iqm 
the  thickness  and  the  diaraeter  of  the  strata  between 
the  coal  and  the  sur&ce.  In  one  case  it  would  break 
off  very  suddenly,  as  tbongh  it  had  beeut  so  to  qieak, 
sawn  asunder ;  and  in  otben  it  would  haid  together 
with  greater  teuadty,  and  thus  lenen  the  ai^  of 
surface  subsidence. 

2269.  In  such  an  old  district  as  SouUi  Staffiird- 
shire,  where  so  many  seuns  are  woi^ed,  and  <ii 
extraordinaryf  thickness,  have  not  mining  engineen 
arrived  at  some  rule  by  which  they  would  Leare 
pillars  for  the  protection  of  a  building  <ni  the  sorftoe, 
wha«  it  is  necessary  to  do  so? — ^No  ;  opinions  larj 
so  much,  md  also  local  curcnnutaneee,  that  no  definite 
role  can  be  safialy  followed.  . 

2270.  Where  there  is  only  one  seam,  is  there  anj 
role  by  which  yon  would  -support  the  snrfiaoe  ?— No. 
I  can  tell  you,  however,  wbiU  I  wonld  do.  If  I  were 
working  a  6-fhet  seam, .  and  .  bound  to  protect  i 
bttUding  on  the  surface,  I  should  not  think  of  sf- 
preaching  it  within  from  30  to  50  yards;  that  would,^ 
however,  depend  upon  circumstances.  With  a  deep 
seam  I,  of  course,  would  not  leave  so  much. 

2271.  With  the  same  seam  at  greater  depths,  how 
much  further  would  you  keep  from  the  building  ?— 
I  would  cf»ne  nearer  at  a  greyer  depth,  10  yu^i 
nearer.  At  a  depth  of  100  yardi^  I  VDold  adj  lean 
30  or  40  yards  instead  of  50. 

2272.  That  is  contrary  to  all  principles  on  ydaik 
the  draw  w6uld  be  guided  ?— It  all  d«>acid8  upon  the 
inclination,  &c.,  and  the  way  in  which  the  woridngs 
approach  the  building. 

2273.  Let  ns  isni^toae  it  to  be  level ;  yon  surety 
would  not  approach  nearer  the  building  with  a  deeper 
seam,  because,  if  ^here  were  an  angle  of  res^  the 
deeper  the  seam  the  further  the  draw  wonld  be?— 
I  have  not  found  it  so.  Taking,  for  instance,  a  coal 
worked  within  30  yards  of  the  sur&ce,  it  would  not  j 
be  safe  to  go  so  near  a  building  with  that  seam  as  it 
would  if  it  were  100  yards  deep.  The  draw,  in  that 
case,  wonld  probaldy  be  furthra-,  bat  the  angle  and 
the  effect  would  be  less. 

2274.  Perhaps  if  there  was  sand,  or  some  loose 
foundation,  at  the  bottom  of  the  biul^ng,  or  water  to 
be  drawn  out,  that  would  apply  j  but  when  you  hare 
got  into  the  solid  strata,  mnst  yon  not  fce^  further 
from  the  building  the  lower  down  yooi  went  ?— 
Cer^nly,  if  working  snccesnve  strata ;  but  if  the 
workings  were  con&ied  to  a  aeam  of  €0  yarde,  and 
one  of  iOO  yards  deep,  I  wonld  not  do  ao. 

2276.  SqppOBUig  that  the  bnUding  wis  on  solid 
stn^  wlmt  depth  would  you  leave  ? — ^Abont  30  to 
40  yards  wonld  probably  be  sofflcieat. 

2276.  If  the  depth  was  ISO  yards  instead  of  60 
yards,  what  distance  from  the  vertical  line  to  the 
face  of  the  wwks  would  you  leave? — ^It  would  a! 
depend  upon  local  circumfitances,  but^  all  things  being 
equal,  it  would  be  safe  to  come  10  yards  nearer. 

2277^  Tliat  is  contrary  to  all  printnplee  npon  which 
the  regiUatian  j£  the .dniwr m^at  h«  msptedl^ifat 
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not  fimnd  it  bo  in  my  oxperience  in  mining,  vrhStih 
is  of  mwB  than  SO  yun  standing ;  nor  is  then^  so  &r 
as  I  know,  any  inTariaUe  aa^  of  rest  or  snbtUenee 
of  the  snrfiiee  in  eoal  mining. 

2278.  Do  the  mines  of  whieh  yon  Jure  been 
speaking  prodnce  gas  ? — Te^  a  little. 

2279.  What  kind  of  gas  ?— -Fire-damp  and  carbonic 
acid  f^as  are  the  principaL 

22S0.  In  the  thick  coal  you  are  very  liable  to 
to  spontaneous  oombastion  ? — Yes,  very  bable  indeed. 

^1.  When  that  takes  place,  how  ia  it  dealt  with  ? 
— In  some  cases  it  is  sfaoTeUed  or  raked  ont,  some- 
times  it  is  cut  off  by  strong  dams  to  prevent  the 
ingress  of  a^tmospheiic  air,  and  in  some  tnstanoes  ibey . 
flfwd  the  mine. 

22^.  In  ventilating  the  thick  coal,  which  is  liable  to 
spontaneous  combustion,  is  it  the  prat^oe  to  limit,  as 
much  as  poedble^  the  qnantlty  ta  air  going  into  the 
mine? — ^Yes;  it  is  limited  to-nich  a  quantity  and 
tempantnre  as  is  coniriitait  wiUi  sa&woiling. 

^88.  SometimeB  the  temptntare  will  be  high  ? — 
I  hare  seldom  found  it  higher  than  70°,  ezoept  in 
oases  where  the  fire  has  prevailed,  and  where  brick 
and  mortar  arches  have  been  constructed  in  the  head- 
ways. I  have  known  the  tenqKratnie  in  soch  plaoes 
as  high  as  9CF. 

2284.  {Mr.  Woodhoutt.)  With  regard  to  the  estate 
which  you  have  mentioned  of  100  acres,  with  54 
workings,  how  many  seanu  are  worked  ? — The  first 
workable  coal  is  the  Heathen  Goal ;  the  New  Mine 
Iron  Stone,  the  Sulphur  Coal,  the  New  Mine  Top 
Coal,  the  Fire  Clay  Coal,  the  Poor  Bobbin  Ironstone, 
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the  Bott^  Hill  White  and  fflaiik -^-onatauV  ' tfa» 
Bottom  Coal,  the  Balls  Ironstooe^  «h».Chdifaui  Iran* 
stmiey  and  the  Blue  flats  Ironstone ;  lU  of  w^ich- 
have  been  worked. 

2285.  Then  altogether  there  appear  to  beabont  ISL 
different  mines  at  work  of  one  sort  or  another,  so 
that  it  is  not  so  very  monstrons  a  thing  as  it  would  ap- 
pear at  first  sight  to  be  ? — No  ;  but  the  way  to  account 
for  so  very  lai^e  a  number  on  such  a  small  area  is 
obvious,  owing  to  the  numerous  measures  of  ooal  and 
ironBtonB. 

22^,  With  respect  to  the  instance  which  you 
mentioned,  as  to  West  Bromwich  Church,  are  yob, 
or  not,  aware  that  a  vanr  thick  bed  of  sand  underlies 
the  foundation  of  the  cnnrdt  at  West  Bromwich  ?— • 
Yes,  I  believe  thai  is  so. 

2287.  And  are  you  not  aware  that  tiiat  sand  would 
be  affected  to  a'  very  great  extent  laterally  by  ordi- 
nary workings  ? — am  not  prepued  myself  to  si^ 
that  it  would  at  so  mat  a  distance,  forvarionsreaamis. 
Some  25  years  ago  I  had  tiie  management  of  a  colliery, 
where  there  was  a  thick  bed  of  sand,  and  I  woriced  up 
to  within  10  or  12  yards  of  a  very  excellent  house, 
which,  although  the  bed  of  sand  contained  water^  was 
not  affected,  and  I  do  not  think  that  there  was  a 
single  crack  of  any  importance  in  the  building. 

2288.  That  sand  was  full  of  water  ?— Yes. 

2289.  Was  it  pumped  out  at  the  time  of  the  opera- 
tion ? — No. 

2290.  The  sand  was  never  drained  ? — No  ;  it  was 
never  drained.  The  water  continues  to  run  oat  of 
it  into  the  pit-shafts  up  to  this  day. 
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2291.  {Chairman^  Yon  have  the  management  of 
your  father's  colliery  at  Ladysbore  ? — ^Yes. 

2292.  And  uuder  him  you  had  Uie  management  of 
the  Cli^n  and  Kearsley  collieries,  near  Manchester  ? 

—Yes. 

2293.  And  are  also  connected  with  that  of  a  col- 
liery belonging  to  your  father  and  unclra  at  Ather- 
ton  ?— Yes. 

2294.  We  have  already  taken  evidence  extensively 
as  to  the  Lancashire  coalfield.  I  wish  particularly 
to  ask  yon  as  to  the  propcation  of  coal  which  has 
been  len  for  the  support  oi  surface  buildings  and  for 
other  surfiwe  purposes.  I  believe  that  in  some  in- 
stances under  your  mani^^ent  you  have  been 
allowed  by  the  landlord  or  his  agents  to  leave  large 
quantities  for  such  purposes  ? — We  have. 

2295.  Will  you  be  good  enough  to  state  what  those 
quantities  iu%,  and  under  what  circumstances  they 
have  been  left,  and  what  proportion  they  ibrm  of  the 
whole  of  the  coal  ? — Here  is  a  little  plan  whidi  shows 
the  field  in  question,  in  which  the  pillars  'which  are 
appointed  to  be  left  are  shaded  off  {jprodueing  the 
tame).  The  plan  is  on  the  6-inch  Ordnance  scale, 
and  the  boilings  which  are  to  be  supported  are 
coloured  black.  The  waterworks,  that  is  to  say, 
works  for  the  empli^ment  of  water,  are  coloured 
bine. 

2296.  In  addition  to  bnlldings,  hare  yon  to  support 
reservoirs  and  pipes  and  such  uke  ? — ^Yes,  and  filters 
and  weirs  and  goits. 

2297.  Where  these  suf^rts  have  been  lef^  what 
is  the  proportion  of  ooal  which  you  have  taken  ont  ? 
— About  one  third. 

2298.  Leaiving  two  thirds  ? — ^Yee. 

2299.  What  is  the  thickness  of  the  pillar  which 
has  been  left  ? — That  plan  is  only  in  contemplation  ; 
the  results  have  not  been  obtuued  from  the  wording 
open  it,  but  it  is  a  plan  which  is  adopted  upon  judg- 
ment, and  it  shows  what  is  now  intended  to  be  done, 
and  it  is  intended  to  remove  from  under  some  of  the 
shaded  portions  27  feet  thick  of  coal,  and  from  under 
other  portions  15  feet.  These  thu^esses  embrace 
several  oiines  (  the  27  feet  six  mines^  and  the  15  feet 
three  mines,  smne  mineii  being  worked  in  one  |daoe 
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another,  and  some  having  already  been 


and  some  in 
worked. 

2300.  When  you  are  removing  27  feet,  what  is  the 
thickness  of  the  pillar  which  you  leave  ?— 60  yards  in 
the  direction  of  a  level,  and  extoiding  on  the  rise  and 
dip  to  distances  varying  with  the  depth  of  the  mine. 

2301  So  that  you  are  about  to  leave  fhlly  two 
thirds  ot  the  coal  for  the  support  of  these  surface 
works  ? — ^Yes. 

2302.  1  see  1^  &e  plan  tiiat  the  piUars  which  yon 
we  leaving  ntend  considerably  beyond  the  bnildii^  ? 
—Yes,  and  more  in  one  directum  than  in  another. 

230S.  Would  you  not  expect  to  have  to  leave  a 
greater  breadth  as  the  mines  got  deeper  ?  —  We 
should. 

2304.  The  earth,  then,  to  be  supported  between  the 
mine  and  the  surface,  in  a  certain  sense,  would  be  in 
the  form  of  a  pyramid? — Yes  ;  each  of  its  sides 
having  to  the  vertical  line  an  inclination  of  1  in  10. 

2305.  That  is  in  the  form  of  a  pyramid  with  its 
apex  upwards  ? — Yes.  This  plan  would  show  an 
isometrical  view  of  the  ground  supported  {producing 
the  tame). 

2306.  This  is  showing  the  snbsidence  ancoloured  ? 
-—That  is  rather  showing  the  boundaries  of  the  area, 
of  which  only  part  would  be  got  in  mines  of  diflSsrent 
depths. 

2307.  You  are  showing  a  large  base  at  tiie  bottom 
supporting  a  small  base  on  the  surfftce  ? — Yes. 

2308.  So  that  the  part  which  would  subside  would 
be  with  a  lai^e  base  upwards  ? — Yes  ;  and  the  land 
supported  would  be  in  the  form  of  a  oone  with  its 
apex  at  the  surface. 

2309.  In  this  section,  which  you  have  put  in,  you 
show  the  seams  dipping  at  a  considerable  angle  ? — Tes. 

2310.  What  is.it?-~It  is  an  inclination  of  1  in  2^. 

2311.  '  With  seams  dipping  at  that  angle,  what  dif- 
ference do  you  find  between  the  draw  from  the  rise 
and  the  draw  from  the  deep  ? — I  have  not  any  in- 
stances in  point  to  quote  bearing  upon  that  question 
of  a  draw  from  the  deep.  These  plans  are  formed 
npon  the  snppMition  that  the  draw  will  not  extend 
to  the  rise  b^ond  a  line  having  an  inclination  of  1  in 
10  to' On  verticil  line,  and  dmwn  throngh  ihe  point 
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CSii  at  which  ihe  workings  cease ;  that  is  to  say,  in  aip- 
a.  Kate&er,    proaohing  a  building  from  the  deep  towards  the  rise, 

Esq.  f 

Bhoold  atop  short  at  a  line  drawn  with  an  inclination 
14  JttlT  laM.  of  1  in  10  to  the  vertical  from  the  point  which  I  wish 
,      '  to  be  lUulMturbed. 


A  B  the  Tertical. 
C  D,  perpendicular  to  the  inclinatitHi  of  the  mines. 
A  X,  line  having  an  incUnation  of  1  in  lU  to  the  rertical. 
A  Tt  lUie  havii^  an  inclination  of  1  in  10  to  the  perpendioular 
to  the  mines. 

Tables  with  diagrams  ahowing  the  area  and  value  of 
the  coal  in  mines  vaiying  iu  depth  from  the 
surface  from  100  yards  to  500  yards,  that  it  is 
necessary  to  leave  to  support  1  statute  acre 
surface,  or  70  yards  square,  on  the  foregoing 
.hypothesis. 

Thickness  of  the  mine  in  question,  6  feet. 
Value  of  statute  acre  of  this  mine  6  feet  thick, 
240/. 

L  When  the  mines  lie  horinmtally.  r 


2812.  Then  as  regards  a  draw  from  the  rise  to  the 
deep,  what  would  you  do  ? — I  should  stop  sbwt  in 
working  from  the  rise  to  the  deep  at  a  line  having  w 
inclination  of  1  in  10,  to  a  line  which  was  let  fail 
from  the  point  on  the  surface  to  be  supported  npon 
the  mine  perpendicularly  to  the  inclination  of  the 
mine. 

2313.  So  that  the  base  of  your  cone  wmild  keep 
increasing  in  length  risewards  the  deeper  you  got,  s 
is  shown  by  these  red  lines  on  this  tradng  ?— Yu ; 
as  shown  by  the  diagram  it  would  increase  in  ill 
directions,  oat  more  upon  the  rise  than  in  anyoUut 
direction. 

2814.  If  yon  had  not  this  dip  to  provide  agsinat, 
have  you  any  rule  by  which  you  judge  of  the  distuce 
within  whidi  you  should  approach  bnildiugs  whici 
have  to  be  supported  ? — have  no  rule  based  npoa 
the  resnlts  of  practice,  but  only  upon  the  opinioDs  <i 
people  conversant  with  these  matters  ;  and  the  odc 
which  I  have  adopted  for  a  level  mine  is  that  the 
base  of  the  four-rided  cone  should  increase  in  the  four 
directions  by  one  tenth  of  the  depth,  or  that  the  lengtb 
of  each  side  of  the  base  should  increase  by  two  teulb 
the  depth.  The  inclinatioii  of  the  mine  would  further 
increase  the  breadth  of  the  base  in  the  direction  of 
the  rise  of  the  mine  by  the  depth  of  the  mine  molti- 
pUed  by  the  rate  of  iacUnati<m. 

2815.  Would  you  leave  any  margin  beyond  th«t» 
a  security  ? — Beyond  that  I  i^ould  leave  a  margin  of 
about  20  yards  on  the  surface  round  tiie  object  to  be 
supported. 

2316.  So  that  if  yon  were  wortcing  coal  at  a  depth 
of  100  yards  yon  wonM  leave  30  yards  altt^eUier;— 
Yes. 
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2317.  And  if  you  were  working  at  SOO  yards  you 
would  leave  40  yards  ? — Yes. 

2318.  And  so  on,  increaeing  in  descending  order  ? 
— Yea.  as  shown  on  tbat  table. 

2319.  Of  course,  if  there  were  exceptional  circum- 
stances, such  as  suid  or  some  very  soft  day^  or  any- 
thing; of  that  kind  to  be  guarded  agunst,  you  might 
modify  that  formula  ?— Yes. 

2320.  At  all  events,  whether  the  proportions  are 
right  or  not,  it  seems  to  be  based  upon  sdeatific  and 
practical  principles  ?— Yes. 

2321.  What  is  the  nature  of  these  surface  works 
which  you  are  preparing  to  support  ? — Bleach  works, 
paper  works,  cotton  spinning  works,  house  proper^, 
reservoirs,  water  conduits,  filters,  and  weirs. 

2322.  What  proportion  of  coal  are  you  about  to 
leave  for  tlus  purpose  ? — Two  thirds  of  the  area  of 
that  rart  of  the  mine  underlying  the  works  and  the 
safety  moi^in  round  them. 

2323.  To  how  many  acres  of  one  foot  in  thickness 
may  the  coal  left  amount  ? — The  amount  of  coal  to  be 
left  in  this  field  for  the  support  of  the  surface  works 
in  the  mines  at  present  being  worked  is  748  statute 
acres  of  one  foot  thit^. 

2324.  At  what  value  per  foot  per  acre  may  you  put 
that  ? — That  is  a  very  difficult  thing  to  say.  The 
landlord's  Value  is  40/.  a  statute  acre,  one  foot  in 
thidcness.  Then  the  lessee's  value  ought  certainly  to 
be  as  much  as  the  landlord's  value,  that  is  40L  more, 
and  to  diis  must  be  added  the  value  of  coal  over  wood 
if  it  were  procurable.   Looking  at  it  from  a  lessor's 
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Soint  of  view,  that  is  to  say,  valuii^  the  rent  which 
e  would  have  to  receive  for  i^  I  should  put  the 
amount  at  29,920/.,  that  is  the  landlord's  rent  only. 

232o.  Then  looking  at  it  from  the  lessee's  point  of 
view,  you  have  so  much  coal  left  behind  which  is 
foirly  won  by  your  shafts  and  levels,  and  which  is 
only  left  for  the  sur&ce  works,  and  which  is  rather 
an  interference  to  the  working  ? — Yes  ;  its  vatuo 
would  depend  on  its  proportion  to  the  whole  field  re- 
maining to  be  worked,  and  the  availableness  of  the 
existing  plant  to  work  it. 

2226.  Some  of  these  woi^es  appear  to  be  only 
reservoirs  and  such  like  ? — Yes, 

2327.  Will  the  value  of  the  surfiace  works  be  equal 
to  tfiis  large  money  value  of  the  coal  ?— It  is  im- 
possible to  say  what  the  value  of  these.Burface  works 
is,  because  it  is  not  the  actual  first  cost  or  the  repair 
of  damage  which  has  to  be  paid,  but  it  is  the  stoppajge 
of  profit  on  tbese  various  concerns  which  would  reealt 
from  a  breakage  of  these  embankments,  Ac.,  and,  in 
one  instance,  in  a  case  of  bleach  woiks,  would  pro- 
bably amount  to  12,000/.  a  year,  so  that  a  stoppage 
to  those  works  would  amount  to  1,000^  a  month,  by 
breaking  this  embankment,  from  behind  which  is  ob- 
tuned  the  sole  supply  of  their  water. 

2328.  At  what  depth  are  these  workingn  under 
neath  the  aurfoce  works  ? — They  vary. 

2329.  What  would  be  the  shallowest  depth,  and 
what  would  be  the  greatest  depth  ? — IGO  yvds,  and 
extending  down  to  400  yards. 

2330.  At  such  depths  as  these,  if  you  fir^t  went 
over  the  coal,  wwking  out,  say,  one  half  of  it,  and 
allowing  the  sorfiw»  somewhat  to  settle,  and  then 
went  over  it  by  a  second  working,  and  taking  away  a 
pmrtitm  o£  it,  might  yon  not  e^iect  tibe  surface  to 
settle  uniformly  wiUumt  dohig  any  serious  damage  to 
the  snrfooa  wm-ks  ? — ^That  is  the  way  in  which  the 
oOal  would  be  wwhed;  tiie  total  thickness  being  divided 
between  six  mines  they  would  be  worked  one  at  a 
time ;  but  no  one  would  like  to  undertake  the  risk 
of  their  entire  removal  without  more  inducement  than 
is  at  present  offered  by  the  coal  trade. 

2331.  These  reservoirs  are  fod  from  the  river  ;  the 
river  Irwell,  I  b^eve,  foods  some  o£  the  reservoirs  ? — 
I  do  not  believe  that  axry  of  these  reservoire  are  filled 
from  the  river,  but  from  snr&ee  draiaage  tnm  fium 
lands. 

2332.  If  yon  leave  these  pillars  for  surface  works 
the  result  will  be  that  when  all  the  coal  is  wwked  out 
the  surface  above  that  portion  where  the  piUars  are 
not  will  snbaide^  and  these  w<uk8  will  be  1^  many 
feet  above  the  line  to  which  the  snr&ce  baa  sabsidedr 
— The  circumstances  here  are  periuHps  pendiar,  be- 
oaose  the  position  is  rather  isdoted ;  in  tme  ease  by 
a  large  fault  iriiich  throws  the  coal  in  the  immediate 
nei^Murhood  off  to  a  distant  point  of  time  for  being 
worked,  and  on  the  other  side  by  a  large  barrier.  The 
reservoir  is  in  a  comer  and  between  the  two,  and  it 
is  impossible  to  estimate  with  any  certainty  the  efiect 
upofi  the  surface,  but  if  it  was  in  a  lai;ge  field  it  would 
be  exactly  as  you  say,  namely,  that  .the  embankment 
would  be  left  high  and  dnr,  and  that  the  main  body 
of  the  reservoir  would  be  lower,  and  there  is  no  saying 
what  mi^t  happen. 

2333.  Xon  would  have  to  run  the  water  up-hill  in 
order  to  get  it  to  the  reservoir  ? — The  result  upon  the 
reservoir  would  entirely  depend  upon  the  surfoce  of 

—    the  surrounding  ground  in  the  noghbourhood. 

2334.  Do  you  think  that  a  nmcieutly  large  view 
is  taken  in  arranging  to  leave  the  pilhmi  for  ue  sup- 
port of  the  snr&ce  works  in  instances  like  this  ? — ^I 
think  that  the  coal  is  looked  upou  as  private  property 
by  the  individual  who  owns  it,  and  that  he  considers 
that  he  has  a  right  to  do  what  he  likes  with  it,  and 
that  is  the  only  view  wluch  he  takes  of  this  question. 

2335.  Then  has  the  lessee  no  power  in  this  instance 
except  to  be  guided  by  the  direction  of  the  lessor  ?— 
The  lessee  has  power  to  do  what  he  likes,  but  he 
most  take  the  damages  entirely  upon  himselfl 

_       2336.  If  a  question  arises  between  the  lessee  aud 
the  lessor,  who  decides  as  to  what  pillars  are  to  be 
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C  86  left  under  such  circumBtancea  ?  The  money  value  of 
A  ^tiAir,    tijg  Qoij  which  is  left  here  seemB  to  be  enormous. 

'  That  is  generally  provided  for  by  the  leases,  and  the 
14  JbIt  1SS9,  lessee  by  his  lease  is  f^enerally  allowed  to  leave  as 
*  much  as  ahflil  be  necessary.  If  the  lessor  thought 
th^  more  had  been  left  tbaji  was  necessary  it  would 
be  referred  to  arbitration,  but  it  would  be  an  exceed- 
ii^ly  difficult  thing  to  prove  how  much  would  have 
been  necessary,  and  I  do  not  think  that  any  lessor 
wonld  fight  his  lessee  on  the  subject  unless  the  case 
was  a  very  flagrant  one  indeed. 

2837.  (Mr.  Geddet.)  Does  the  leaaee  take  the 
whole  reBponsibility  ? — He  takes  the  vhtde  reqiansi- 
Hlity  q£  dta  dmuigGH. 

2388.  Are  those  pillars  described  in  the  leases  ?— 
No ;  the  lessee  is  only  allowed  to  leave  as  mveh  as 
shall  be  necessary. 

2339.  Then  those  piHars  are  within  yonr  own  dis- 
cretion ? — Yes. 

2340.  X^ChairiM€m.)  I  suppose  that  in  an  extensive 
range  of  pipes,  such  as  the  pipes  of  the  Liverpool 
Waterworks,  which  are  about  40  inches  in  diameter, 
arge  tracts  of  coal  are  worked  away  from  under 
them  ?— I  think  that  they  an, 

2341.  Then  in  this  instance  might  not  the  pipes 
and  the  reservoirs,  and  even  the  bleach  works,  be  pre- 
served without  sneh  a  great  sacrifice  of  coil  being 
made  ? — ^Tes  ;  an  overture  is  sometimes  made  to  the 
lessor  (as  there  has  been  in  this  case)  to  divide  the 
saving  which  might  he  made  in  the  coal  to  be  got, 
impposing  that  urangements  had  been  previously 
made  between  the  worker  of  the  coal  and  l^e  person 
who  wonld  suffer  the  damages ;  but  those  overtures 
are  generally,  and  have  been  in  this  case,  rejected,  as 
involving  complication,  and  the  want  of  the  coal  in 
question  not  being  fdt. 

2342.  Then  the  owner  of  the  works  is  snpreme;  he 
considers  himself  entitled  to  his  foundation  ? — He  is 
by  law  entitled  to  his  foundation,  and  would  of  voorse 
go  for  the  utmost  penny.  Damages  have  alpeudy 
been  given  on  this  field  for  the  disturbance  of  itony 
of  the  properties  isolated  cm  that  little  {^an  by  the 
working  m  upper  minee  f  in  one  ease  tboM  da^iages 
amountsd  to  TOO/.,  and  in'  anottter  'casis >to -nMrly 
I,800».    ■■  '■  ■  ■   '  • 

3849.  Bnt  even  thsBvmmSr'lKi-gfl  as  tke  laMer  1017 
appear,  are  very  small  as  compuvd  with  the.  land- 
loM'ls  interest  in  this  coal  whiob  you  are  speaking  of, 
namely,  29,920/,  ? — That  is  extended  over  a  period 
of  years.  '  ■ 

2844.  True;  but  still  it  reprftsMts  so  much  coal  lost 
to  the  nation,  whidi  has  been  passed  over,  and '  wfaidk 
wiU  never  be  obt^ed  •hereafter-? — It  does;  it  would 
b«  worth  the  lessor's  while  m  many  cases  to  induce 
the  lessee  (by  a  diminution  of  rent  on  the  portions 
saved  out  ^  what  i^peared  necessary  to  be  left,  to 
insure  a  margin  of  perfect  safety),  to  pnrehase -  innn- 
nity  ftom<  dami^es  at  find  amounts '  pdd  to  #ie 
persons  likely    snfEer  damage. 

2345.  Has  the  lessor  offered  anything  to  the  tenant  ? 
— In  one  case  the  lessor  has  agreed  to  divide  any 
saving  which  might  be  effected  by  such  a  plan  as  that 
suggested  ;  but  this  is  an  exceptional  case. 

2346.  Then  it  is  the  fact  that  large  tracts  of  cot^ 
such  as  yon  have  spoken  of,  are  being  actuaUy  left  by 
arrangement  between  the  lessee  and  the  lessor  Vithont 

.  the  sanction  of  any  one  on  behalf  of  the  publife  who 
may  have  an  interest  in  preserving  this  raet  for  'the 
use  of  the  country  ? — Yes ;  it  is  treated  as  private 
■property,  as  if  it  had  been  created  hy-the  individual 
to  whom  the  law  gives'  the  power  to  du^se  of  It 

2847.  {Mr.  Geddes.)  Could  yon  venture  to  take 
half  of  that  coal  away,  or  one  tnird,  or  two  l^iirds 
No,  I  would  not  venture  to  do  tt.  The  coal  'is  not 
of  any  pecuUariy  valuable  quality,  and  there  is  vecy 
little  inducement  for  the  lessee  to  incur  the  sligfatwt 
risk. 

-  2348.  Apart  from  the  question  of  prt^t  or  loss, 
could  you  as  a  mining  lessee  or  owner  venture  to  take 


away  half  of  tlie  coal  as  a  question  of  safety  to  tin 
ubildiogs  ?—  The  proportion  would  vary  with  the 
depth. 

2349.  Do  you  see  your  way  to  half  of  it  ? — Yes,  at 
a  certun  depth  ;  at  a  greater  depth  less,  and  at  a  still 
greater  deptii  less.  The  scheme  is  not  to  leave  the 
whole,  but  two  thirds. 

2350.  Can  you  inform  us  how  soon  the  subsidence 
would  naturally  come  to  rest;  supposing  that  yon 
worked  by  long  wall,  how  soon  would  you  expect  the 
surface  to  be  penuanently  settled  ? — It  takes  several 
years  to  become  solid.  I  believe  that  it  is  in  propor- 
tion to  the  depth  of  coal  which  is  taken  away  and  the 
depth  below  the  surface. 

'  2351.  We  have  had  .evidence  that  if  jou  work 
rapidly  by  long  w^  very  little  injury  is  felt  upoo 
the  sux&oe  s  would  it  be  so  in.  your  district  ? — Yes ; 
we  have  taken  away  large  areas  <^  coal  fitim  under- 
neath railways,  and  the  effect  of  subsidence  is  very 
clearly  shown  there  ;  but  subsidence  continues  for  a 
long  time  after  the  coal  has  been  extracted;  itisre^lar 
and  gradual  without  breaks. 

2352.  For  how  long?  —  I  should  tliink  that  it 
would  extend  for  five  yean  gradiuUy  afbn-  the  ex- 
traction of  tiie  coal  in  the  oase  I  hare  now  in  my 
Bund  of  A  mine  3  ft  fiin.  thick,  800  yards  below  the 
suzikoe. 

2363.  In  one  seam  only  ? — Yes. 

2354.  (Chairman.)  Under  railways  and  canals  in 
your  neighbourhood  all  the  coal  is  worked  oat  ? — ^Yes, 
except  under  some  special  circumstances  of  a  bridge 
or  an  aqueduet. 

2355.  (Jfr.  Woodhoiue.)  You  have  mentioned 
29,920/.  as  being  the  lessoi^s  value  of  the  coal  which 
is  equivalent  to  748  acres  one  foot  thick? — Yes. 

2356.  Is  that  calculated  in  ^^sent  value  as  being 
all  lost  at  once  ? — It  Ib  Qxpected  that  this  colliery  wiU 
be  exhausted  in  a  period  of  20  years,  and  by  that  time 
those  pillars  will  Imve  been  left. 

2857.  Looking  at  the  question  in  a  national  point 
of  view,  I  understand  you  to  say  tiuU  this  ooal  ought 
not  to  be  left  ?— I  should  think,  not  if  I  had  the  na- 
tion^ interest  mily  at  heart 

2358.  lliooking  at  it  only  from  a  national  point  of 
view,  and  not  as  a  proprietor,  at  what  period  of  time 
will  the  nation  begin  to  sufl^  loss  &om  this  coal  being 
left  ?— I  cannot  say. 

2859.  Will  it  be  of  any  present  value  at  all,  or  of 
any  appreciable  value  ? — ^No,  UQt  a  preeent  appreciable 
vuue  to  the  natioD  at  large,  though  it  is  to  the  lessee, 
and  so  indirectly  to  the'  nation  through  one  of  its 
m^bers,  as  its  bong  left  increases  the  cbaige  for 
depreciation  of  fixed  plant  on  the  coal  got. 

2360.  Would  there  not  be  a  possibility  that  by  the 
time  when  this  piece  of  coat  was  required,  all  these 
buildings  and  obstacles  on  the  surface  would  be  swept 
away  ?--I  think  not 

2361.  (Chaimutn.'^  Do  you  tliink  that  these  pillars 
which  you  are  leanng  \nll  ever  be  returnable  to 
hereafter  ? — ^I  tiiink  not. 

2362.  Then  they  would  be  lost?^Tes. 

2363.  In  this  money  value  which  you  have  given 
for  the  number  of  acres  left,  is  not  40/.  per  foot  per 
acre  rather  a  low  value,  and  are  there  not  many  dii- 
tricts  where  it  is  higher? — It  ranges  in.  our  disb'ict 
from  30/.  to  60/. 

2364.  Do  you  know  of  poal  which  is  let  in  odwr 
districts  hi^er  than  that  ?— Yes,  and  io  '  the  suae 
district. 

2865.  Without  going  more  than  10  miles  from  the 
place  7 — ^Yee  ;  it  is  let  at  one  and  three  quarters  times 
the  value  assumed,  or  70/.,  but  that  indudes  fixed 
plant  things  of  that  sort,  the  colliery  having  bea> 
taken'in  wra-king  order.  Witiiin  18  miles  the  coal  ii 
let  at  UOL  a  statute  acre  a  foot  thick,  or  2|  times  as 
much.  ' '  '     I  • 


The  witness  withdrew. 
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2366.  (Chairman.)  Tou  have  had  large  experience 
in  working  coal  in  Manchester  and  in  North  Wales 
and  elsewhere  ? — Ye$. 

2367.  And  you  have  had  to  deal  largely  with  un- 
derground working,  where  the  sur&ce  has  had  to  be 
supported  ? — ^Yes. 

2368.  What  mode  have  you  found  best  in  dealing 
with  Buch  properties  ? — Possibly  where  the  mines  are 
thin,  and  near  the  sur&ce,  we  have  got  out  one-half ; 
we  have  never  exceeded  that  qnanti^  in  any  case  j 
that  you  might  say  would  be  under  a  town  of  consi- 
derable size  ;  but  where  you  get  to  the  large  machine 
Bhops  you  would  make  it  something  less  than  half, 
so  that  you  would  be  on  the  safe  side  by  saying  that 
half  would  certainly  be  left  after  a  good  deal  of  crush- 
ing, and  after  the  pill^  had  given  way.  In  some 
cases  I  have  only  got  out  one-third;  but  the  rule 
generally  is  for  the  lessor  to  say  what  you  shall  get. 
The  clause  in  the  lease  would  be,  t^at  you  must  give 
the  landlord  a  certun  notice,  and  he  specifies  what 
coal  you  shall  leave  for  the  support  of  the  buildings. 
Having  done  that,  the  liability  of  any  damage  to  the 
surface  is  with  the  lessor.  In  other  caaes  &e  lessee 
haa  to  deal  mth  it,  and.he  can  leave  as  much  as  he 
likes,  so  long  as  he  does  not  leave  more  than  one-half 
of  the  area  whidi  is  to  be  supported. 

2369.  What  method  do  you  find  best  for  leaving 
that  support  ?  I  refer  to  the  size  of  the  pillars  and 
the  rapidity  of  the  working  ? — That  depends  a  go64 
deal  upon  the  thickness  of  the  mine.  The  size  of  the 
pillars  would  vBoy  from  six  yards  in  width  to  nine  or 
ten  yards. 

2370.  In  the  workings  of  a  single  pit  ? — Yes. 

2371.  Have  you  gone  under  brge  buildings  with 
that  mode  of  working.?— Yes. 

2372.  And  have  you  done  so  successfully  ? — Yes ; 
perhaps  now  and  ibm  we  have  breaks  in  a-  bnOaUng, 

and  the  next  one  remains  perfectly  sound,  but  as  aroto 
it  is  a  successful  mode  of  working  under  buildings. , 

2373.  Even  under  towns  ?— Yes. 

2374.  And  you  have  don6  so  under  towns  ?-^— Cer- 
tainly. I  am  now  speaking  from  practice,  and  from 
vrtiat  has  taken  place.-  In  Nmih  Walra  we  voA 
nnder  the  sea  at  considerable  depths,  getting-  50  per 
cent,  of  the  coal. 

2375.  Lord  Mostyn  was  examined  here  upon  that 
subject,  and  I  think  that  in  consequence  of  whtit  took 
place  only  a  short  time  previously  the  matter  was 
enquired  into.  I  believe  that  you  were  one  of  the  part- 
ners in  the  colliery  of  which  his  lordship  spoke  ? — X 
was. 

2876.  And  the  intention  is  either  to  work  out  a 
much  lai^er  proportion  than  one  fourth,  or  to  take 
the  whole  of  die  coal  below  a  certain  depth  from  the 
snriaoe  ?— Yes.  Whilst  I  was  mui^ng  that  colliery, 
I  attempted  to  negooiate  with  Lord  Mostyn  ibr  his 
aeaeat  to  do  that.  I  -should  have  taken  the  whole  of 
Ale  pillars,  after  getting  to  180  yards  in  depth  from 
the  surface,  and  have  allowed  it  gradually  to  subside. 
I  do  not  consider  that  the  mode  of  working  that  field 
ia  at  all  the  beet ;  and  certainly  there  are  heaps  of 
cosl  ieft  there  whieh  m^ht  he  recovered  without  any 
danger. 

2377.  You  have  heard  what  the  witnesses  have  said 
as  to  the  draw  from  the  working  of  the  coal  underneath. 
Have  yon  any  rule  in  that  respect  ? — The  rule  which 
Mr.  Fletcher  gave  ia  generally  accepted,  but  there  is 
no  reason  for  giving  it.  In  some  cases'  It  will  draw 
more,  and  in  some  cases  less  ;  but  yon  generally  make 
yourself  pretty  safe  by  having  a  mai^in,  if  the  pro- 
perty which  you  axe  attempting  to  secure  is  valu^le. 
If  it  was  a  series  of  shops  yon  would  pei-haps  mn  the 
cosl  fine;  if  it  was  a  valuable  mansion  yon  would  give 
a  liberal  allowance  for  it.  The  lessee  loses  very  little 
hims^.  Supposing  that  we  take  it,  that  an  .acte  is 
loBt  by  his  liberal  allowance,  it  is  very  mnoh  better  for 
him  to  lose  that  than  to  l»ing  himself  into  a  law-  «uit 
with  damages  brought  against  him,  .    f  . 
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2378.  (Mr.  Geddeg.)  In  cases  where  you  leave  one 
half,  does  the  responsibility  remun  witii  the  owners  ? 
—It  entirely  depends  upon  the  conditions  of  your 

leases.    If  the  lessor  gives  a  direction,  and  says  what  —  

you  are  to  leave,  and  if  you  comply  with  it,  the  lia- 
bility rests  with  the  lessor  ;  if,  on  the  other  hand,  the 
lease  axwcifies  .that  you  shall  do  what  yon  Hke,  bnt 
not  leaving  more  than  one-halT,  the  r»ponsibillty 
comes  upon  the  lessee. 

2379.  In  fact,  is  it  so  ? — ^Yee.  I  may  work  it  as  I 
like,  but  I  must  not  leave  more  than  one  half,  or,  in 
other  words,  I  must  pay  for  one  half ;  but  any  damage 
accruing  to  the  surface  must  be  made  good  by  the 
lessee. 

2380.  Does  that  one  half  apply  to  all  seams,  thick 
and  thin  ?— In  the  district  of  which  I  am  speaking 
particularly,  there  aie  not  very  many  workable  seams 
in  the  section  which  are  worked  at  tiie  same  time, 

2381.  ItwOnM  apply  to  three  or  four  or  five?— 
Yes. 

-  2382.  In  the  case  of  Lord  Mostyn's  colliery,  to 
which  joa  referred^  you  propose  to  get  the  whole 
below  180  yards  fWmi  the  surface  ?— Yes. 
2883.  That  is  nnder  the  sea?— Yes. 

2384.  Dow  that  coal  run  at  a  high  angle  ? — Yes ; 
you  may  lake  the  average  of  the  dip  ^  the  field  at 
one  in  two. 

2385.  What  ia  the  thickness  of  the  seams  ?— Nine 
feet,  twelve  feet,  six  feet,  and  so  on. 

23S6.  What  is  the  nature  of  the  stratum  between  ? 
— Shaley  rock  and  blue  metal. 

2387.  Have  you  any  fire-clay  ? — Only  in  the  floor. 
The  whole  of  the  cannel  mine  was  worked  under  the 
town  of  Wigan  by  working  one  half  to  begin  with 
and  going  back  to  the  other  half. 

2388.  The  angle  is  not  so  great  ? — It  is  not  so  great, 
and  ^e  floor  was  a  soft  one. 

2389.  (Mr,  Woodhouse.)  You  have  mentioned 
Wigan  ;  have  any  of  those  pillars  been  worked  off? 
— The  whole  of  uiem  in  the  cannel  coal. 

2390.  It  is  all  got  ? — ^Yes  ;  when  they  re*opened 
the  mine,  and  got  back  to  it,  they  found  that  the  open- 
ings which  had  been  previously  made  were  completely       .  : 
dosed,  from  the  subsidence  of  the  roof  and  the  up- 
heaving of  the  floor. 

2391.  (Chairman.)  In  addition  to  the  cases  which 
.ypu  have  worked  under  the  town  and  under  the  Bea» 
dp  you  know  that  the  town  of  Chortey  has  been 
entirely  undermined  in  that  way  ? — ^Yes. 

2392-  And  without  any  noticeable  damage  ?— Yea ; 
there  has  been  no  serious  damage. 
.   2393,  Hiei'e  has  been  no  damage  which  would  at 
all  ooanterbalance  the  value  of  the  coal  ?— No. 

2394.  (ilfr.  Geddea.)  What  was  the  depth  at 
Wigan     One  hundred  and  sixty  yards. 

2395.  (Chairman.)  In  a  deep  pit  ?— Yea. 

2396.  And  are  thei%  works  much  higher  than  that  7 
— Yes ;  at  Chorley  tiie  average  would  be  hardly  100 
yards. 

2397.  It  would  be  about  160  yards  in  one  portion 
and  much  less  in  the  other  portion  ? — Yes. 

2398.  Is  there  any  power  for  uniting  small  proper-  - 
ties  ?    Before  you  reply  to  that  question  I  will  read 
you  a  portion  of  a  letter  bearing  upon  the  subject.  It 
is  from  Mr.  Spruce  of  Fam  worth.    He  say 

"  I  may  point  out  very  briefly  what  I  think  causes 
the  loss  to  the  nation  of  a  not  inconsiderable  quantity 
of  coalB^  and  in  conversation  I  have  found  that  some 
other  mining;  engineers  have  had  similar  experience 
to  my  own  in  a  greater  or  less  degree.  I  refer  to 
small  isolated  properties  comprising  from  a  few  roods 
to  several  acres,  the  owners  of  which,  from  some 
whim,  or  from  ignorance  of  mining,  vr  of  the  true 
v^ue  of  mines,  refuse  to  sell  or  let  the  coal  at  the 
proper  time  for  working  it  in  connexion  with  other 
parts  of  a  colliery,  and  which  is  consequently  never 
worked  at  all,  all  approaches  being  destroyed  (and 
the  coal  itself  ^tiuly  ^  from  pressure),  and  pro* 
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C  88       bablj  sarronnded  hy  water,  fire,  or  other  obstacle, 
/  BooA  Emi.  beyond  the  possibility  of  recoTcry  at  any  justifiable 
.  out.    ScMne  cases  within  my  own  knowledge  will  best 

14  Jnly  1869.  explain  what  I  mean.   A  narrow  strip  of  land,  com- 

 prising  some  three,  and  a  half  acres,  lies  surrounded 

by  a  laige  working  colliery.  The  sinking  is  deep  and 
difficult,  and  such  a  small  plot  cannot  be  worked  inde- 
pendently. The  works  of  tbe  coUieiy  are  approaching 
this  strip.  The  eircumstances  are  made  known  to  the 
owner  iliereof,  and  he  is  asked  if  he  will  sell  the 
mines.   No  ;  he  does  not  want  to  sell  any  property  at 
present.    It  is  pointed  out  to  him  that  the  time  has 
arrived  when  the  coal  must  be  wrought,  if  ever.  He 
has  been  told  that  before  ;  be  does  not  believe  it ;  tfaa 
coal  will  always  be  worth  its  money  when  wanted; 
he  will  not  sell  at  present ;  and  so  he  holds  out 
against  all  advice  to  the  end.  The  workings  proceed, 
and  the     acres,  containing  some  40,000  tons  of  coal 
is  left  behind,  and  lost  to  the  country  as  mach  as 
though  it  had  gone  to  the  bottom  in  mid  ocean. 
Another  instance  is  a  lai^r  property,  some  eight  acres, 
but  still  for  too  small  a  quantity  for  an  independent 
winning.   The  owner  is  a  well-to-do  perscm,  of  inex- 
pensive habitai,  and  does  not  know  how  to  spend  his 
income.    Will  not  sell  because  he  shoold  not  know 
what  to  do  with  the  money.  • '  IIib  can't  eat  any  more, 
'  and  he  can't  drink  any  more,  and  he  won't  be  at 
*  any  trouble  about  selling  mines  ;'  and  so  that  is  lost. 
Another  won't  permit  a  few  acres  to  be  got  through 
a  neighbouring  proprietor's  shaft,  because  such  neigh- 
bour and  himself  had  quarrelled.    A  fourth  has  an 
exaggerated  opinion  of  the  value  of  the  coal,  and  will 
not  submit  to  any  opinion  but  his  own.    But  these 
absurd  or  ignorant  notions  are  not  the  only  causes 
that  shut  out  coals  from  the  market,  and  waste  the 
nation's  wealth  ;  nor  is  such  waste  entirely  confined 
to  small  properties.    It  has  not  infrequently  happened 
that  considerable  quantities  of  mines  (which  is 
our  local  name  tor  seams)  have  been  lost  in  large 
elates  from  a  narrow  policy  on  behalf  of  a  lessor 
in  binding  the  lessee  to  work  none  but  his  own 
mines-  through  such  lessor's  shafts  or  properties, 
or,  if  not  al«olutely  prohibiting  such  working,  put- 
ting such  a  tax  upon  the  mineral  in  the  shape  of 
ivayleavc,  or  imposing  some   restrictive  covenant, 
that  prevents  the  mine  being  worked.   I  have  under 
my  view  at  the  present  time  an  instance  of  this 
kind  where  many  acres  are  so  thrown  away.  The 
case  in  question  is  connected  with  a  large  working 
mining  estate  held  under  one  proprietor,  and  adjoin- 
ing on  one  side,  say  the  north,  for  a  distance  of 
one  and  a  half  miles,  to  another  large  mining  estate 
on  which  there  are  no  winnings.     The  boundary, 
between  the  two  estates  is  a  brook  running  fhmi  west 
to  east  in  tiie  usual  zigzag  course  varying  in  its  bend- 
ings  from  ICQ  to  ISOyards  on  either  side  of  a  straight 
line  drawn  from  end  to  end  of  the  property.   la  the 
mines  there  is  such  a  straight  line,  consisting  of  a 
large  fault  (the  crossing  of  which  is  impracticable 
from  either  side,  it  having  a  throw  of  130  to  150 
feet),  which  runs  nearly  parallel  with  the  general 
course  of  the  boundary  of  the  properties,  and  which 
would  form  tho  very  beat  natural  mining  boundary,  if 
permitted.  The  estate  boundary  crosses  and  recrosses 
this  fault  line  some  dozen  times  in  its  course,  and 
■leaving  some  12  to  14  acres  of  coal  in  six  isolated 
patches,  which  cannot  be  worked  by  the  person  to 
whom  Uiey  belong  because  of  the  fai^t,  and  they  may 
not  be  worked  by  the  colliery  lessee  because  of  pnH 
hibitory  clauses  in  his  lease,  and  these  patches  share 
the  same  fate  as  those  before  noticed  whose  owners 
are  so  ignonmt  or  so  obstinate,  and  for  the  same 
reason,  namely,  that  thc^  are  so  damaged,  and  cannot 
be  again  won  so  as  to  reimburse  the  necessary  outlay, 
or  On  account  of  the  whim  or  caprice  of  any  '  d<^  in 
the  manger '  proprietor.   At  a  casual  glance  it  may 
seem  that  these  things  could  occur  hut  vety  seldom ; 
but  in  my  own  practice  of  the  last  25  years  in  the 
midland  coal  fields  I  can  enumerate  upwu^  of  60 
acres  of  these  isolated  or  detached  patdies  of  mines, 
cmtuning  three  quarters  of  a  millim  torn  of  coal, 


which  either  are  already  so  lost  or  an  in  a  &ir  wit 

of  being  lost  m  a  very  few  years,  and  in  some  is. 
stances  a  very  few  months.  There  is  nothing  thtt  I 
can  perceive  that  would  cause  my  experience  to  difo 
from  that  of  others,  where  there  are  small  or  cod- 
paratively  small  landed  proprietors ;  and  if  one  fonrtii 
or  a  fifUi  of  the  many  hundreds  of  mining  engineers 
throughout  tbe  United  Kmgdom  have  sunilar  ex- 
per^ee,  the  total  loss  from  this  cause  alone  ie,  as  I 
have  said,  not  inconsiderable.  I  am  not  prepared  to 
point  out  how  this  is  to  be  remedied,  but  it  certainly 
is  not  beyond  the  scope  of  legislation.  And  it  seema 
somewhat  absurd  that  the  operations  of  mining,  after 
the  winning  has  been  effected,  frequently  at  the  cost 
of  many  thousands  of  pounds,  and  is  of  natioDsI  im- 
portance, should  stop  short  at  a  root  indicated  on  the 
surf&ce  by  some  hedge  or  ditch,  when  a  natanl 
boundary  is  widiin  a  few  roods,  and  which  forms  s 
barrier  against  approach  ftom  any  other  quarter." 

I  believe  that  as  regards  some  of  these  points  which 
are  touched  npon  you  have  had  experience  of  the 
propriety  of  uniting  small  properties  ? — We  had  one 
case,  and  perhaps  Ihe  most  recent  one,  where  we 
could  not  efiect  any  arrangement  It  was  an  estate 
held  by,  you  may  say,  two  parties,  one  owning  thre^ 
flfkhs  and  the  other  owning  two-fifkhs.  The  owner  of 
the  two-fifths  owned  nine-tenths  of  the  surroonding 
estates.  In  mining  (as  thwe  was  this  undivided 
estate  lying  between)  there  would  have  been  a  diffi. 
culty  in  getting  from  one  side  to  the  other  withoat 
crossing  this  undivided  estate,  and  no  attempt  which 
was  made  to  arrange  fhis  matter  leaving  it  to 
arbitration,  or  by  buymg  or  selling,  or  in  any  other 
way,  could  get  the  tenants  the  mines  ;  and,  ultunatdr, 
a  bill  was  filed  in  the  Court  of  Chancery,  the  Bpecisl 
prayer  of  which  was  that  ^e  nunes  might  be  ordered 
to  he  add,  and  we  got  that  order  thrse  weeks  or  a 
month  ago.  The  judge  directed  that  the  mines  shoold 
be  sold,  without  making  ainr  order  as  regards  the  tsat- 
Aoe.  Then  is  a  poww  where  there  is  an  interest  m 
a  joint  ownership ;  but  I  know  no  power  where  a  nws 
stands  as  a  dog  in  the  manger,  as  the  letter  states,  sod 
says,  "  it  belongs  to  me,  and  I  will  not  have  it  got." 

2399.  I  dare  say  that  this  process  of  gottmg  this 
order  in  Chancery  was,  so  to  say,  a  Yerj  expeuivf 
one  ? — ^It  is  a  very  expensive  one.  As  s  matter  of 
fiicti  you  get  opinions  on  both  sides.  The  ownen  of 
the  three-fifths  sud  that  it  waa  best  to  divide  it  mto 
their  respective  shares.  The  entire  ana  was  abotU 
25  Laurashire  acres;  there  was  only  one  workable 
mine  in  it,  and  the  average  depth  of  it  waa  about  250 
yards, 

2400.  If  there  could  be  any  reasonable  mode  of 
airanging  such  matters,  should  yon  think  it  desiiaUe, 
without  having  to  undergo  such  a  roundabout  pro- 
cess?—I  think  that  such  a  course,  if  we  could 
establish  any  such  simple  way  as  that,  would  not 
only  be  very  deskable^  hat  wotUd  be  a  great  saving  of 
the  ooal  seams  througboat  the  country,  because  a 
oolUeij  worker  has  no  help;  he  is  in  the  hands  d'tbe 
owner  of  a  small  plot  of  two  acres  as  much  as  he  ia 
in  the  hands  of  tlw  owner  of  a  hundred  acres.  The 
owner  so^s,  "  I  must  have  so  much  for  it,"  and  the 
colliesy  worker  has  to  pay  a  considerable  price.  I 
have  a  case  of  my  own,  in  which  I  have  off&ed  the 
party  the  same  amount  for  a  few  acres  as  I  am  givlof 
for  200  or  300  acres.  He  says,  "  Oh,  dear  no,"  and 
that  he  will  not  have  that  price ;  and  I  suppose  that 
the  mine  will  remain  there. 

2401.  Then  your  experience  in  that  respect  coti- 
firms  what  is  stated  in  the  letter  which  I  have  read  ? 
—Certainly;  and  I  think  that  the  Government 
inspectors  should  interfere.  I  do  not  mean  to  ssy 
how  it  could  be  done  ;  but  I  think  that  some  suA 
officers,  as  they  ar^  should  say  what  ought  to  done  in 
such  a  case. 

2402.  And  also  in  the  case  of  a  fault  detadiing 
small  pieces  ? — ^Perhaps  that  is  a  tiiae  where  it  ia 
mtMTe  desirable  than  to  interfere  vith  a  raudl  piecs 
of  iaolated  freehold. 
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2408.  {Mr  Geddes.)  There  should  he  an  ezehflnge 
there  ? — Tes.  I  think  that  in  that  case  it  would  he 
more  desirable  than  in  the  case  of  a  small  freehold, 
because  both  men  are  losing.  A.8  I  undM^tand  the 
letter,  the  boundary  is  a  zigzag  line  on  the  surface, 
and  consequently  it  is  a  zigng  line  underneath.  The 
ftadt  makes  it  a  straight  line,  andapartis  lost  to  eaeh 
owner. 

2404.  Wherea^  by  exchanging,  yon  might  get  an 
area  on  each  side  to  eoaqmiMte  you  ? — Tes  ;  and 
you  might  let  it  be  a  matter  of  eompeoaation,  or  in 
any  other  way.  ,» 

2405.  Or  you  might  give  it  in  coal  ? — ^Tes  j  the  two 
things  might  be  made  to  balance  each  o^er. 

2406.  {Chairman.)  As  regards  wayleaves,  what 
is  your  opinion  ? — I  think  that  they  ought  to  be 
abolished.  They  permit  a  man,  whoever  may  be 
fortunate  enough  to  have  a  shaft  sunk  upon  his 
estate,  to  tax  all  coal  coming  upon  it.  It  has  nothing 
to  do  with  the  owner. 

2407.  If  wayleaves  were  not  abolished,  do  you 
think  that  there  might  be  some  more  business-Uko 


mode  of  settling  the  matter,  by  having  it  referred       Q  g9 
either  to  the  inspectors  or  to  some  other  disinterested  /,  Bootk,  E»q 

tribunid  ? — If  the  lessor  of  a  coal  mine  gives  a  lessee   

certain  privil^s,  and  if  it  is  an  understood  thing,   U  July  1869k 

or  an  apprehended  thing,  that  other  crab  are  going  to   

be  worked,  then  let  him  put  so  much  greater  rate  per 
acre  upon  the  land  as  a  rental  for  Ae  enr&ce  ;  bat  as 
to  charging  for  the  coal  oomiiw  through  a  road  whidi 
has  berai  made  by  the  lessee^  I  do  not  see  any  reason 
at  an  in  it,  and  it  in  a  great  meamre  prevents  anaH 
plots  from  ever  being  worked. 

2408.  {Mr.  Geddes.)  But  yon  know  that  a  pitH 
prietor  whose  property  is  not  so  l«^e  avoids  breaking 
the  Hurface,  and  preserves  his  amenity,  and  it  is  right 
that  he  should  have  something  for  the  intermption  ? 
—Yes. 

2409.  ( ChairmaH.)  As  it  is  at  present,  it  is  left  to 
bargaining  ? — Entirely. 

2410.  And  sometimes  you  fail  to  bargain  ? — Yes. 

2411.  And  the  consequence  is  that  the  coid  is  not 
worked  ? — The  beneficial  working  of  that  coal  field 
is  considerably  injured. 


The  witness  withdrew. 


Charles  Binns,  Esq.,  Clay  i 

2412.  {Chairman.)  Tou  are  the  manager  of  the 
Clay  Cross  collieries  ? — Yes. 

2413.  And  you  have  had  vciy  large  experience  of 
the  mode  of  working  coal  in  the  county  of  Derhy  ? — 
Yes  ;  in  our  own  particular  district. 

2414.  Will  you,  as  concisely  as  you  cao,  tell  us 
the  mode  in  which  yon  work  your  Bsams,  and  of  any 
particular  loss  which  takes  place  ? — The  seams  in  the 
whole  of  Derbyshire,  so  fhr  as  I  know,  ore  worked  on 
the  longwall  system,  in  stalls  varying  from  15  to 
80  ^ffds,  with  a  gate  road  near  the  centre.  By  that 
process  the  whole  of  the' coal  is  got,  except  where  it 
is  either  purposely  left  in  the  pit,  and  put  into  the 
gorf,  because  it  is  useless,  or  where  some  portion  of 
it  is  left  to  keep  the  roof  up,  as  our  roofs  are  gene- 
rally soft  roofe.  Quantities  of  coal,  varying  from  a 
foot  to  eight  or  10  inches,  are  left  for  the  support  of 
the  roof.  Sometimes  a  portion  of  it  is  picked  out  as 
it  falls  in  the  goaf,  and  in  other  cases  none  is  left. 

2415.  What  proportion  of  the  whole  of  the  i^orking 
may  this  coal  which  is  left  for  the  roof  form  ? — Taking 
the  whole,  I  should  say  that  it  would  form  a  very  small 
proportion  of  the  quantity  got  in  the  district ;  per- 
haps one  thirtieth  or  one  fortieth  part  is  left  for 
the  purposes  of  the  roof.   In  many  oases  none  is 

left  , 

2416.  In  actual  woiking  I  brieve  that  you  work 
the  whole  coal  away.  You  have  a  very  snccessfril 
modeof  working?— Yes;  excepting  what  is  made  in 

the  holing.  -   ,  - 

2417.  What  proportion  does  that  form  ? — It  fonns 
now  a  very  smiJl  propoi*tion ;  it  used  to  form  a  con- 
aderable  proportion.  I  can  remember  when  small 
coal  was  of  little  use  in  the  district,  and  hu-ge 
quantities  were  left  in  the  pit ;  but  tdnce  the  in- 
crease of  iron  works,  and  the  opening  out  of  railways 
to  the  southern  districts,  where  smalt  coal  ie  not 
olyected  to,  a  very  much  smaller  percentile  <rf  coal 
has  been  left  tiiroughont  the  iriiote  district. 

2418.  But  even  some  of  that  is  east  into  the  gob  ? 

 Yes ;  but  that  arises  from  »  porticm  of  the  holing 

being  mixed  up  with  the  fireclay  below  the  coal. 
They  generally  contrive  to  hole  partially  beknr  the 
coal,  and  partially  in  the  coal  itself;  and  thatooal, 
except  what  is  slotted  oiF,  is  so  mixed  up  wifh  the 
dirt  that  it  is  practically  useless  for  any  purpose 
whatever,  and  that  is  cast  into  the  goaf. 

2419.  Can  you  fix  the  proportion  which  that  would 
bear  in  mines  which  you  conrider  to  be  worked  on  the 
modem  system?— One  of  oar  coals  vdiich  we  work 
onraelvca  is  divided  into  three  beda  j  the  vhole  seam 
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is  four  feet  eight  inches  thick  at  the  thickest  places.  It  14  Jnlj  1869h 
is  exceedingly  difficult  to  get  that  coal  clean,  notwithi-  ■ 
standing  that  by  care  the  holing  is  made  in  one  of  the 
bods  at  ^Mut  the  middle  of  the  coid,  and  by  great 
care,  and  a  good  deal  of  expense,  a  very  considerable, 
portion  of  that  coal  is  got ;  that  is  our  bisst  coal ;  what 
we  call  the  black  shale  coal.  I  can  give  the  Commis- 
sioners the  thickness  of  the  beds  as  &ey  are  measured, 
and  the  quantities  which  we  {ffoduce.  The  black 
shale  seam  of  coal  at  Clay  Cross,  which  is  measured 
at  3  feet  7  inches  thick,  produces  1,266  tons  of  ooal 
to  the  acre  per  foot  thi<dc  of  gettable  coal.  The  hlai^ 
shale  coal  At  Mortmi,  wbicdi  to  about  three  miles  frvm 
ns,  which  is  only  three  feet  tiiree  inches  thick,  pro- 
duces 1,260  tons  to  the  acre  per  foot  thick. 

2420.  Those  are  statute  tons  ?— Yes.  Tbe  Tupton 
coal,  which  is  another  coal  which  we  work  rather 
extensively  at  Clay  Cross,  is  measured  at  five  feet 
thick,  and  produces  1 ,847  tons  to  the  acre.  But  I 
must  state  that  the  black  shale  coal  is  riddled  in  the 
pit  by  an  inch  riddle,  and  that  portion  which  is  left 
is  thrown  behind.  The  Tiipton  coal  is  riddled  by 
forks  of  an  inch  gauge,  and  the  portion  which  goes 
through  the  forks  is  also  thrown  behind,  but  not  very 
mudi  of  it  goes  through. 

2421.  Of  those  qoantities  which  you  have  stated, 
are  the  coal  which  is  left  for  the  roof  and  the  coal 
which  is  destroyed  by  the  holing  included  ? — That 
is  not  included  in  this  statement.  No  coal  is  left  for 
the  roof  in  the  black  shale,  and  very  little,  and  only 
occasionally,  in  the  Tupton,  since  we  have  worked  to 
the  deep,  where  the  roof  is  stronger. 

2422.  In  the  measuring  of  the  seams,  is  an  allow- 
ance made  for  the  portion  of  coal  neceasarily  lost  in 
making  a  roof  ? — No ;  the  foil  thickness  of  the  coal 
is  measured,  witii  the  exception  that  In  the  black 
shide  coal  a  certain  allowance  is  made  for  the  loss  in 
cutting  off  the  dirt.  You  have  to  go  to  the  next 
partiqg  in  the  coal  before  you  can  get  the  coal  clean 
to  send  to  bank,  as  the  dirt  sticks  fast  to  the  coal. 

2423.  Then,  including  what  you  leave  for  the  roof^ 
and  also  what  goes  to  the  goaf,  you  actually  bring  to 
bank  1,260  np  to  1,347  tons  per  foot  pw  statute 
acre  ? — Yes. 

2424.  What  proportion  of  that  is  large  coal  ? — In 
the  black  shale  coal  in  the  Clay  Cross  colliery  the 
proportion  of  large  is  4,097  tons  per  acre,  and  the 
proportion  of  small  is  594  tons  per  acre.  This  is 
after  it  has  been  riddled  in  the  pit,  and  subseqnentiy 
screened  on  the  pit  bank,  over  a  three-el^htlu  of  an 
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C.Biims,E»q.  large  coal     get 600 tons ofaawJl^eoaL  -i 

2426.  That  is  ay ery  large  proportion  of  lai^geiCOfd 7' 
'■L-_L-__     — '       screcB  is  a  veiy  smftU  one.  .Then  in  tte. 

Tupt<Hi  coal  we  get  ont  of  an  acfe  2,107  t^  of  Iaig« 
coal,  8,500  tone  of  cobbles,  which  are  smaller  -  ooaiU, 
and  1,262  tons  of  small  coal  or  aladk.  . 

2426.  That  is  not  so  Iwge  a  proportion  of  larfj^ 
coal  as  in  the  other  seam  ? — ^Itis  a  large  ^oportion  of 
small ;  it  is  a  tender  Mam,  and  mak&s  much  small  in 
screening. 

.2427.  Do  these  cases  rei^esent  a  fair  (rverage,'Or 
aro  l^btere  others  whkih  jou  could  give  us  ?— These 
are  tiie.  otfy  two  seams  of  coal  where  I  can  gire 
iHfonnation  aocqrately,  becftose  they  are  the  only 
seams  which  we  work  at  present ;  but  I  think  tbnt 
probiibly  We  more  ottid.  p0r  foot  thick,  generaUy 
speaking,  than  the  generality  of  those  who  .Wrajk  in 
the  district.    This  is  surmise. 

2428.  In  some  of  your  workings  you  drive  out 
lerels,  leaving  pillars  of  solid  coal  between  the  parta 
which  are  worked  out  ? — Yes. 

2429.  I  suppose  that  some  loss  will  take  place  irom 
the  crush  of  those  pillars  ? — Tes  ;  I  believe  that  those 
pillars  are  all  lost,  and  will  never  be  of  any  use.  The 
floor  heaves  very  much  irom  time  to  time  ;  and  when 
the  pit  ha^  been  at  work  for  20  years  those  pillars,  in 
many  cases,  are  absolntely  below  the  Bor&ce  of  the 
main  roads. 

2480.  What  iffopcR^ai  are  the  pillars  of  file  whde? 
— A  very  small  jntipmrUon  ;  they  are  generally  nude 
10  yards  in  wid^i,  but  evoi  if  40  yards  in  width  they 
will  be  idl  lost  We  generally  leave  them  10  or  12 
yards, 

2431.  Do  they  form  five  per  cent,  of  the  ^ole  ?— 
No  ;  not  one  per  cent 

2432.  From  some  of  Uie  evidence  which  we  had 
from  Scol^nd  it  appeared  that  they  work  similar 
seams  of  coal  to  yours  in  Derbyshire,  but  instead  of 
leaving  pillars  for  ttieir  roofs  ibey  work  it  entirely 
ont,  and  leave  gob  roads,  the  saine  as  in  Leicester- 
shire, Wwwiokshire,  ami  South  StaflVnrdshire ;  have 
you  tried  that  plan  in  Derbyshire  ?— Yes ;  bat  it  is 
objectionable. 

2433.  What  is  the  otgection  ? — ^In  opening  out  a 
uew  pit  it  is  a  process  which  it  would  ti^e  yon  so 
many  years  to  accomplish  that  yon  could  not  get  the 
pit  opened  out  in  reasonable  time.  Opening  out  wUh 
gob  roads  is  a  very  slow  process. 

2434.  Is  that  the  only  objection  ? — I  should  say 
that  that'  is  the  principiJ  objection.  I  do  not  know 
any  other  substantial  objection. 

2435.  There  is  no  coal  between  tiie  level  and  the 
airways,  so  that  there  is  a  place  through  the  gobble 
for  leakage  ?— But  our  gobs  are  so  closed  up  that 
there  is  never  any  room  for  serious  leakage. 

2436.  Some  coal  will  be  left  about  the  bottom  of 
the  shafts  P — ^Yea.  Our  pits,  which  were  sunk  in  1840^ 
are  still  going. 

2437.  You  work  an  extensive  tract  of  coal  from 
each  pair  of  shafts  ? — ^Yes. 

2438.  Are  yon  much  troubled  with  faults  ? — Not  a 
great  deal. 

2439.  What  proportion  of  the  ooal  will  they 
destroy  ? — We  are  rather  troubled  wiUi  little  hitches 
in  the  roof,  which  come  down,  and  take  away  a  portion 
of  the  coal.  The  lai^est  fault  through  which  we  have 
gone  is  about  20  yards. 

244a  The  &ultH  will  destroy  a  small  petventage 
of  coal  ? — ^Yes ;  a  very  small  percentage. 

2441.  Have  you  any  of  those  beds  of  coal  of  which 
we  have  heard  which  from  being  of  a  kind  which  is 
not  DOW  in  deuiand  in  the  market  you  leave  behind  in 
the  mine  ? — At  present  we  do  not  work  the  whole 
of  the  beds  away ;  we  leave  some  behind  to  be  worked, 
hereafter. 

2442.  Of  those  which  you  are  working,  are  any 
beds  in  the  .seam  run  .to  ffaste  ?-r-No. 

2443.  -Xhey  are  all  got-  oat  ? — ^Yes  ;  ^we'eitiier  use 
that  coal  or  sell  the  whole  of  it    We  wash  the  ver^ 


iRRh'tt^and  also  sail  ifea:  -  i 

8444k  'In  th0  mode  itf  ' working  ^yonr  seams  do  jh 
observe  any  order  ?— Sometimes  we  take  tbe  uppx 
ones  first,  and  sometimes  not  I  shoidd  prefer  takit; 
the  upper -coal  fint  In  one  ease  we  have  two  sem-. 
one  five  feet  thiok,^  aildithe  oilier  two  feet  three  mdn 
thick,  within  a  small  distance  of  each  other.  We 
began  U}  work  the  lower  bed  first,  and  then  voibd 
the  upper -bed,  but  though  it  worked  exceeding 
easily  we  found  that  ttogaa  made  in  ite  goif  of  tk 
lower  bed  sometimes  came  up  through  cradsiotodB 
upper  bed. 

2445.  It  wtn  onfy  on  aooonnt  of  the  gas  tihit ;« 
fooftd  any  inoonvenienos  ?— In  one  caee  the  gas  oae 

up,  and  a  Ix^  canytog  a  candle  in  Ua-hind  ipaui 
the  gas,  and  tbe'fire  mnt  -down  into  the  lowwtici 
and  burnt  awi^  some  of  the  cAd  prc^-  irbaA  H 
been  left,  and  set  fire  to  the  goaf  below. 

2446.  What  is  the  means  by  which  you  get  iLc 
whole  woi^able  coal ;  Is  it  left  to  the  lessor,  or  npK 
whose  decision  does  it  depend  ?  —  In  our  cue  ^ 
depends  upon  the  decision  of  the  lessee.  We  fwk 
tiioee  beds  which  are  most  suitable  to  oar  require- 
ments. We  have  no  restrictive  clauses  of  that  kisj 
in  our  leases }  we  work  what  we  please. 

2447.  In  addition  to  what  is  lost  by  the  gob, 
what  Is  lost  for  posting,  and  any  lit^e  piece  iHai 
may  be  lost  at  the  shiJt  botUnn,  or  fitmt  any  otbn 
cans^  have  yon  az^  inllais  to  leave  finr  the  sapportof 
the  Bur&ce  ? — Only  where  there  are  boildii^ 

2448.  Does  that  toaaa  any  large  {noportion  of  dst 
iriiole  ?-^Li  some  cases  it  farms  the  whole ;  if  n 
came  to  a  village  or  a  town  we  should  have  to  )m 
the  whole  of  it 

2449.  you  tried  working  out  a  pwtion,  aij 
one  third,  or  one  half,  undemeatli  towns?-— No;  n 
have  never  done  that ;  it  is  not  worth  our  while  lo  ii« 
it  Bat  we  have  not  yet  worked  about  villageBortom 

2450.  You  have  so  much  «oal  which  you  m  p 
that  yon  do  not  run  any  risk  ? — Yes  ;  snd,  ^xs.if 
that,  it  is  a  very  e^yensive  proqess  to  w<Mk  in  tbt 
way  by  pillar  and  stall  work  j  it  .would  be  veiyhiri 
hewing. 

2451.  If  you  worked  in  four  or  eight  yird  ^ 
would  you  find  it  very  much  more  expire  thv 
upon  the  longwaU  system  ? — ^Yee,  very  mncli.  W« 
should  get  a  very  much  laiger  percentage  of  smll 
coal  frqpi  the  pillar  and  stall  jsystem  ;  and  the. 
which  were  loEi,  if  they  were  not  yerj  large  |nlUrs> 
wonld  be  very  much  crushed. 

2452.  In  some  ccdlieries  where  they  work  apon  ik 
pillar  and  stall  system  they  take  away  me  third  i<r 
one  half  of  the  coal  in  the  first  working,  having  botrd; 
or  stalls  of  lH>m  four  to  eight  yuds  in  width,  aad 
leaving  pillars  of  the  same  width,  and  they  find  tim 
the  most  profitable  thing  is  to  opoi  out,  and  then !» 
draw  back  ? — It  may  be  so  in.  some  cases,  bat  itisiNi 
BO  with  us.  I  have  tried  that  plan  rather  extenain^ 
once  or  twice,  but  it  has  not  sncceeded. 

2458.- Wh«i  yon  have  stopped  your  wwking»  «> 
aeooont  of  the  hoaeea  on  the  suzftee,  have  jaa  fwai 
hownett^tiiefaoiUing  has  been  aSbeted  ?— It  Tan& 
I  have  seen  a-bnilding  iignred  withm  SO  yards ;  ui 
in  another  case  it  has  not  been  iigorad  at  all,  tho^ 
tho-e  was  a  very  small  pillar. 

2454»  Have  yon  arrived  at  any  rule  in  that  respect ; 
— No ;  except  that  there  is  an  UDdwBtanding  thlt  ve 
are  to  leave  a  20-yard  pillar. 

2455.  At  what  d^th  ?— is  not  a  qoestioa  cf 
d^  at  all . 

2456.  But  of  coarse  it  wonld  be  a  question  of  (lepi!i 
if  you  had  to  deal  with  depths  di^rent  torn  tW 
wiUi  which  yon  at  present  deal  ? — If  the  cosi  is  vffi 
deep  the  best  way  is  to  work  it  right  under  the  build; 
ing,  and  to  take  no  notice  tff  .it^  and  to  let  ths  grooM 
sink. 

2457.  In  working  .coal  under  snch  eircmnstaDCb 
T^ld  you  like  to  talce  it  away  altogether  at  one 
OF  to  take  one  half  or  one  thu^  .first  ?— I  should  tal^ 
it  all  away  as  rapidly  its  possible,   Zf  yon  take  it 
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awBj  vei^  rit^idly,  when  the  coal  tecprgt^  deep,  the 
whole  gitiund  sinks  at  once,  doing"- 'Uttle,  if  anj, 
mischief.*'     ■    -         -         -      '•■  ' • 

2458.  ¥otr-cannot  reckon  on  takinsr  it  all  out  with- 
out doing  f^faeciabla  dmage?— ^'yoa  take  the 
whole  of-^  oeal  away  the  top  weight  comes  on,  as 
we  call  it,  ^d  ,thp.  whole  sinu  eqaaUy.,  I^  leaving 
pillars,  i(  draws  the  building,  instead  of  letting  it 
down  peroendicularly,  ''  '  '  ^ 
■  '2459.  When  you  say  very  deep,  what  do  you  call 
deep  in  your  distriet  P— I  would  not  do  it  in  the  case 
of  ti  lai^  bdllding,  but  wfth  ordinary  buHdings  I 
should'  s(iy  that  where  the  coal  wast  over  -200  yards 
deep  it  might  be  done  safely. 

2^160.  Wfrnld'yoad^  It  tiadfir  miUs^  vidin  pltu^ 
where  the  machutery  had  Ito  be-proteoted  ?>»No.  '■ 

^461.  What  would  you  do  in  such  a  case  ?— I 
should  leave  the  coal  ^mtirelj. 

2463.  Then  that  would  inToIve  a  large  waste  in 
such  '  cases  ? — ^Yes  ;  but  the  damajpe  wrald  be  very 
gruiit'iif  we  liappened  to  ii^nre  tike  niUls  or  proper^  of 
that' "description.  In  'a  case  of  that  kind  I  think 
that  there  would  be  no  difficulty  in  workuig  a  portion 
of  the  coal  away,  and  leaving  pillars  standing. 

2463.  (Jfr.  Oedde*.)  Ton  might  perhaps  work 
half? — ^^es;  I  should  s^y  that  you  might  work  half 
very  well. 

2464.  (Chairman.)  It  has  become  a  question  in 
some  of  Uie  districts  whether  those  pillars  should  be 
led  large  and  few  ot  small  and  numerous ;  what 
would  be  yt>ur  opinion  upon  such  a  mattdr  ? — should 
leave  lal^'piUvs,  because  the  amaller  pillars  crusb 
so  very  mn<^ ;  the  crush  is  very  great'with  those  Small 
pilfom  ■ 

2465.  {J&.  Oedde$.)  Tb  much  ciMt  Ittft  io  your 
distxifit  nadsr  Ihe  railways  ?-^Ko.    We  work  tuutar 
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the  railways  and  bridges,  and  the  railway  companies  '    ^  9^ 
give  us  permission  to  do  so.    We  give  them  notice,  ^'  ^ll- 
and  they  say  whether  we  ai-e  to  won:  or  not   If  th^   , ,  ^^oau 
let  us  work,  we  work,  and  they  take  the  risk  of  damage.  °^ 
They  build  bridges  now  so  cheiq>ly  on  railwajn  that  ' ; 

it  is  cheaper  to  put  op  a  new  iron  girder  bridge  than 
to  pay  for  the  coal  which  is  left  under  it 

2466.  •  Do  you  say  that  in  your  district  nothing  is 
paid  for  coal  which  is  left  under  railways  ?_Very 
Uttle,  indeed,  now* 

2467.  Do  you  work  on  the  longwtdl  system  ?^ — 

Tea.  .  ■'  ^ 

2468.  Are  your  seams  very  flat  ? — They  rise  about  '  ' 
1  in  10  to  1  m  12. 

2469.  (Chairman.)  I  suppose  that,  as  far  as  pos- 
sible^ ^ou  would  have  the  railway  bricks  mode  with 
iron  girders  instead  of  arches  ?— They  are  d<rfng  so 
now  In  our  district       ^  tbiak  generally  where  they  • 
can  do  so. 

2470.  With  the  view  of  haring  the  coal  worked 
out  ? — jmsume  because  it  is  the  cheaput  description 
of  brid^.  '  I  have  brought  a  section  ot  oobI  In  a  new 
district  which  lies  under  the  new  red  sandstODe  in 
Leicestershire  (produoinff  a  geetiM). 

2471.  This  is  at  Coton  |>ark  ?— Yes. 

2472.,  Has  that  never  been  wor^.  at  all  ?— It  has 
liot  been  worked. 

2473.  Is  tiiere  any  other  feature  o£  the  coalfield 
which  you  would  like  to  name  to  the  Commission, 
with  TC^gard  to  waste  in  working  and  the  mBKHB  by 
which  ooat  could  be  sared  ? — No;  I  do  not  think  that 
we  could  aave  more  coal -tiian.  we  do.  We  get  nearly 
the  whole  of  it  We  take  a  good  deal  of  paku  t6  get 
tile  whole  of  it  and  we  do  get  nearly  the  whole  ef  it 
Of  course  Hiere  is  waste  in  the  hiaik  shale:  eoid  <m 
aeoomifc  of  Oe  beds  of  dirt  wliidi  Ue  between. 

withdrew. 


Mb.  John  £.  MAnurr,  Bamslqr,  further  eramined. 
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2474.  {Chairman.^  Ton  have  alrea^  been  eifc- 
mined  before  this  Commission  on  the  subject  of  tiie 
waste  in  working  in  Yo^^re  ? — In  a  eertssn  portion 
of  Y<n!kshire,  namely.  South  Yoikshite. 

247s.'  Ill  tbe  course-  of  your  experience  I  beliere 
that  yon  have  had  a  knowledge  of  tJie  mode  of  wwk- 
ing  coals  in  die  other  pcntions  <^  Yorkshire? — I 
have. 

2476.  Will  you  be  good  enough  to  state  to  what 
districts  your  experience  extends  in  Yorkshire  ? — I  am 
now  about  to  apeak  of  what  relates  to  other  districts 
beyond  irtiat  I  have  already  stated. 

The  witness  delivered  in  the  following  paper. 

I  begin  with  the  ganister  coals,  which  have  been 
extensively  worked  irom  five  or  six  miles  north  of 
Halifax  through  Huddersfield,  and  elsewhere  along 
the  line  of  outcrop,  but  nowhere  to  any  great  depth. 

The  "soft"  or  coking  coal"  is  of  good  quality 
at  Hali&x,  but  at  Hud£irB0eld  is  inferior,  which 
is  also  the  case  with  the  "hard  bed,'*  but  both  seuns 
vary  much  in  quality  and  thidmess  in  didbrent 
localities. 

The  "  soft  "  coal  is  irom  1  foot  6  inches  to  3  feet 
thick,  and  lies  about  110  feet  above  the  rough  rock 
of  the  millstone  grit  the  "  liard  bed  **  lies  90  feet  above 

the  soft" 

The  system  of  working  is  the  same  for  both  beds, 
and  consists  in  driving  levels  and  endings  to  the 
boundary,  50  ya^  ^lart ;  the  eoai  is  then  worked 
homewards  on  the  bord,  in  Btqy;tp  4  yards  wide.  , 

The  roofofthe  "hard  bed "usuaUy  is  Uack  siuOe 
and  tweaks  heavily. 

The  coal  is  about-2  feet  thick,  and  X2fi0  tons  per 
foot  thick  are  t^taiaed  per  acre. 


The  section  is  as  follows  at  Huddersfield 


Boof,  black  shale. 

Co^  .  - 
Ganister 
Fiitecl»y  - 
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The  ganister  is  worthless  here,  though  in  smne 
localities  it  is  valuaUe,  where  it  is  not  so  much  im- 
pr^raated  vrith  sulphur. 

^Ou  fireclay  is  of  good  quality,  and  the  coal  is 
chiefly  worked  for  the  sake  of  the  clay. 

The  general  rise  of  the  beds  here  is  N.W.  1  in  14. 

The  "soft**  ooal  here  arerages  1  foot  7  mches 
thick. 

Under  buildings  it  is  usual  to  leave  40  yards  solid 
all  round,  in  both  beds  at  70  yards  depth.  The  coal 
has  been  all  worked  out  under  the  town  of  Hudders-- 
field,  but  this  was  chiefly  before  the  town  was  built 

The  quality  of  the  coals  seems  to  deteriorate  towards 
the  dip. 

The  next  workable  coal  ia  the  Low  Moor  Better 
bed,  supposed  to  be  the  Kilbnrn  of  Derbyshire.  It 
lies  from  500  to  GOO  feet  above  the  Halifax  hard  bed, 
and  has  been  very  extensively  w<a4ted  in  ^e  districts 
comprising  Beeeton,  Famley,  Bowling,  Low  Moor, 
and  Bradford,  in  coojonetion  with  the  Black  bed  and 
ironstone,  lying  120  feet  above  the  Better  bed. 

These  two  seams  are  found  to  die  out  become 
black  shale,  a  little  south  of  Kirkburton  near  Hudders- 
field., This  is.  the  most  southern  place  where  the 
filack  bed  is  woriced.  It  is  here  22  inches  thick,  the 
lower  half  being  an  excellent  cannel  gas  coal. 

The  Better  bed  is  sranetimes  found  to  the  south, 
In  the  form  of  a  fireclay,  the  ooal  having  quite  dia- 
appeared. 
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'    ~'Txrw  MooB  Beds,  working  from  the  boondsiy. 
'\  Scale  6  chaina  to  I  inch. 

The  depth  to  the  Better  hed  seldom  exceeds  130 
jards,  and  the  sj^stem  of  working  is  the  same  throngb- 
out,  namel}^,  driving  hords  and  endings  60  yards 
square  to  the  boundary,  aud  working  die  coal  back 
by  long  wall.  Intermediate  lereis  are  driven,  as 
required,  every  20  yards.  The  seam  produces  much 
gas,  but  pits  are  generally  sunk  every  ^  of  a  mile,  and 
tiie  field  drained  and  ventilated  by  this  means.  No 
riddles  are  used  in  the  pit,  and  after  screening  at 
bank  50  per  cent,  is  slack. 

The  general  dip  of  the  seams  is  1  in  30  to  the 
Boulb-eaat.  The  yield  per  foot  thick  is  1,48^  tons, 
and  about  ^  is  sold  as  house  coalj  and  the  remainder 
M  engine  coal. 

The  section  of  the  Black  bed  and  ironstone  is — 

ft. 
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Under  buildings  to  be  supported,  one  chiin  » 
marked  fdl  round,  and  then  the  coal  is  worked  in 
alternate  ribs  of  seven  yards  wide  in  both  beds  u 
above  depths. 

The  ironstone  is  usually  fountl  in  the  form  d 
nodules  or  balls,  aud  is  worked  in  conjunction  wiiL 
the  coaL 

The  Better  bed  averages  1  foot  9  inches  thick,  and 
the  yield  per  foot  thick  is  1500  tons. 

Including  bad  coal  and  faults,  leas  than  5  per  cot 
is  lost  in  the  Black  and  Better  beds  in  these  dismcti. 

£ 

Value  of  Black  bed  per  foot  per  acre  -  30 
Do.     Better      do.  do.      -  50 

If  the  Better  bed  is  worked  first,  and  the  upper  btd 
left  solid,  it  is  not  injured,  but  if  straitwork  is  drim 
first  in  the  upper  bed,  and  then  the  Better  bed  wmted, 
the  effect  is  to  crush  the  straitwork. 

The  Black  bed  near  Leeds  is  20  inches  thick,  ud 
is  worked  at  a  depth  of  HO  yards,  by  driving  dooblt 
bords  to  the  boundary,  and  endings  as  required  efen 
20  yards.  The  coal  is  then  brought  back  in  avm 
widths  of  three  yards  at  a  time.  The  roof  here  if 
very  tender  shale  14  inches  thick. 

Ten  yards  above  the  Black  bed  lies  the  Crow  coil, 
which  is  generally  found  wherever  the  Black  bei 
exists,  but  is  variable  in  quality  and  thickness. 

It  is  worked  near  Leeds  in  "  sets "  of  20  juii 
wide  to  the  boundary,  and  bringing  20  yards  back. 
It  is  here  2  feet  thick,  and  cannot  be  worked  bj 
same  method  as  the  Black  bed,  owing  to  the  difficult; 
of  keeping  the  str^twork  open. 

It  is  found  necessary  to  work  the  Crow  coal  beive 
the  Black  bed.  If  both  are  worked  together,  bodi 
are  crushed. 

About  two  years  in  advance  will  keep  it  safe.  It 
yields  large  quantities  of  gas,  as  well  as  the  BUd 
bed,  but  by  working  the  upper  seam  first  the  gu 
spends  ofi*. 


Modified  LongrtU  in  Beeston  Coal,  working  fovardi  boondary. 
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Bmdi  and  Bukt  In  Htid  Band  and  Bri^  Coal  vorUag 
towaidi  At  boondary . 


time,  other  lerelsare  started  from  the  first  ending  in 
advance  of  the  first  working,  and  other  endings  driven 
ri'<im  those  levels  another  distance  of  150  yards,  till 
t]i>:^  boundary  ig  reached. 
Thirty  yards  pillar  is  left  on  each  side  of  the  levda 
^n.nA  endings. 

The  Churwell  thick  coal  liee  10  yards  below  the 
ttiin,  but  the  upper  bed  being  tke  most  valuable  is 
alwmys  worked  first 

^e  thick  coal  is  not  affected  in  any  way,  and  is 
got  on  the  same  ayBtem. 
!nie  secHon  i^— 
Booff  strong  stone  bind,  12  feet. 


HodiiUld  Longwall  in  Hard  Band  and  Middletoa  Uafai, 
vorkiDg  from  bonndarr. 

The  next  workable  seam  is  the  Beeston  coal  lying 
200  feet  above  the  Black  bed.  In  the  Garforth  and 
Micklefield  districts  east  of  Leeds  this  coal  is  worked 
on  the  edge  of  and  under  the  magnesian  limestone  at 
a  depth  of  150  yards  by  modified  long  wall,  bords 
being  driven  at  intervals  of  100  to  150  yards,  and 
endings  44  yards  apul  between  the  b«*dB. 

The  coal  is  then  worked  to  the  rise,  and  convOTed 
through  the  solid  to  the  endings  in  advance.  The 
coal  hen  rises  2  inches  to  the  yard  nOTtfa-east,  «id 
the  roof  is  very  tender.   Mo  gas  is  made. 

It  is  found  ihvt  the  quality  of  the  coal  lying  under 
the  magnesian  limestone  is  much  inferior  to  that 
lying  to  the  west,  but  this  is  probably  only  s  local 
deterioration. 


ft. 

ins. 

Top  coal,  best 

-  1 

1 

Dark  metal 

-  0 

?V 

Coal  - 

-  0 

(>■ 

Dark  metal 

-  0 

4 

Coal  - 

-  0 

4 

Scale  - 

0 

Coal  - 

.  0 

Scaled 

-  0 

Coal        >  hole  in  this  0 

Scale  J  - 

-  0 

Bottom  coal 

.  1 

The  section  is — 

Qood  coal 
Seconds  coal 
Good  coal 


ft.  in. 

3   4   Hard  steam  coal. 

0  101 
0  7/ 


2nd  class  house  coal. 


4  9 


No  coal  is  left  in  the  pit 

In  the  a^oining  district  this  coal  is  worked  in 
"  sets,**  double  bor&  being  driven  from  endings  every 
GO  yards,  and  a  bank  36  yards  wide  started  between. 
Tba  is  worked  towards  the  boundary.  1,285  tons 
per  foot  thick  u*e  now  obtained  by  this  mode,  of 
which  nearly  40  per  cent,  is  slack  ;  but  end  working 
has  been  commenced,  by  which  much  less  alack  is 
produced. 

The  Beeston  coal  becomes  divided  south-west- of 
Lee4s,  and  is  worked  under  the  names  of  the  Char- 
well  thick  and  thin  beds. 

The  thin  coal  is  2  feet  1  inch  thick,  and  is  chiefiy 
used  for  smelting  iron.  It  is  also  got  in  the  Bowling 
district  near  Bradford,  under  the  name  of  the  Sher- 
cli£fe  coal. 

The  mode  of  working  in  this  and  the  adjoining 
district  is  by  driving  levels  or  bords  from,  the  pit 
towards  the  boundary,  and  double  endings  at  IntOTnls 
of  SO  yards.  These  are  carried  up  150  yards,  and  then 
the  oou  is  worked  foaek  by  longwall.  In  tiie  mean- 

8 


Workable  coal  -    4   3  (engine  coaL) 

This  coal  dips  3  inches  to  the  yard ;  and  at  60 
yards  depth,  18  yards  all  round  buildings  is  left  solid. 
The  pits  in  this  district  are  nowhere  of  any  great 

depth. 

The  yield  per  foot  in  the  thin  coal  will  be  1,480 
tons  per  acre,  coal  and  slack  ;  in  the  thick  coal  rather 
less,  owing  to  the  intermixture  of  dirt. 

In  working  ofi"  the  pillars  about  45  per  cent,  is 
slack. 

The  next  workable  coal  is  the  Cromwell,  New 
Hards,  or  Middleton  Main,  lying  250  to  300  feet 
above  the  Beeston  coal,  and  has  been  worked  over  a 
very  large  area  of  country. 

In  the  Morley  district  it  is  worked  in  the  same  way 
as  the  Beeston  coal  last  described. 

This  section  is, — 


House  coal 
Dirt  - 

Engine  coal 
Do. 


ft.  ins 
.    2  3 
-03 

-  0  6 

-  1  0 


Workable  coal   -   3  9 


In  the  first,  or  bank  working,  the  proportion  of 
slack,  after  screening,  is  38  per  cent  The  whole  of 
the  seam  is  sent  out,  and  the  yield  per  foot  Uiick  is 
1,470  tons. 

In  the  adjoining  district  an  attempt  was  made  to 
work  this  coal  by  the  old  south  Yorkshire  or  Bamsley 
system  of  bords  and  buiks,  25  yards  wid^  and  work- 
ing the  pillars  back  afterwards ;  bnt  this  had  to  be 
alwndoned,  being  too  costly.  In  some  instanoes  the 

F8 
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Mr.  J.  E. 
Mammatt. 

14  July  1869. 
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BOUNDARY. 
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n 

Mode  of  vorkioff  the  Stone  Coal,  Black  Bed,  Little  Coal, 
and  Main  Coal,  in  the  Morley,  Clildenome^  and 
Advalton  Districts. 
Scale  6  chains  to  an  inch. 


bottom  portion  is  riddled  in  the  pit,  and  about  one- 
third  is  thrown  back  in  the  gokf  and  lost.  This  is 
owing  chiefly  to  the  want  of  sale  for  slack. 

Where  this  is  done  it  would  reduce  the  yield  to 
1,350  tons  per  foot. 

This  coal  is  also  worked  by  bords  and  banks  at 
Mansion  near  Leeds. 

Endings  rising  one  inch  per  yard  are  driven  to  the 
boundary,  and  bords  every  22  yards ;  the  coal  is  then 
worked  homewards  in  banks  20  yards  wide.  By  this 
mode  1,200  tons  per  foot  are  obtained,  of  which  one- 
half  is  slack. 


The  section  here  is,— 

Tops,  good 
Bright,  do.  - 
Whetstones,  bad  - 


ft.  ins. 

1  2 

2  0 
1  0 


Coal     -    4  2 


At  Middleton  aeavXe«ds  (be  ntain  coal  i^  workai 
'in"  sets."., 


■  OU  HDARV. 


Idode  of  -working  the  Main  .  Coal,  Little  Coal,  and.  Forty 

Coal  at  Middleton,  Leeds. 

;  Sca1«  six  chains  to  ofte  ini^,,' 
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Donli^ie!  bordgates  are  driTen  to  the  rise,  which  is 
here  about  1  in  18  or  20,  at  intervals  of  3  chftina, 
towards  the  bonndary  ;  then  a  bank  40  yards  "wide  is 
started  between  two  2  patr  of  bor^^teft,  and  carried 
up  10  yards.  Cross  cute  are~  then  put  through  each 
side  to  the  bordgates,  which  serre  successiTelj  for 
the  conveyance  of  coal  and  for  Tetitflation. 

The  pillars  between  the  btn^gates  are  10  yards  in 
length  and-  2'yardB  ^de.  Then  are  lost. 

Of  the  lerci  and  bord  pillars,  about  50  per  cent. 
slack  is  made  in  the  posting. 

In  the  bank  work,  about  30  per  cent,  slack,  all  of 
which  is  sent  out.  ' 

The  section  is, — 

fV.  ins.  ..  . 

Soft  coal      -         -   2  4 

Parting    -      -   0  OJ 
Baring  coal  -         -   0  6 

Parting     -.   .  -    0  Oj 
Soft  coal       -        -   0  11 

Parting    -      -  — 
Whetstones  •         -  0  8 


Coal 


4   5  good  house  coal. 


The  yi^  per  foot  is  1,330  tpns. 

NorUL  of  Middleton,  this  coal  is  5  feet  thick,  and  is 
worked  in  banks  20  yards  wide  to  the  fooundanr, 
leaving  20  yards  pillar,  which  is  then  brought  baok, 
at  a  depth  o£.  90  yards,  yrHh  a  diy  black  shale  roo^ 
standing  well. 

In  the  Birstal,  Gromersal,  and  Heckmondwike  dis- 
tricts, this  coal  is  only  2  feet  3  incheq  thj<^  and  has 
been  nearly  worked  out  at  a  depth  of  70  to  100  yards. 

The  system  was  driving  levels  and  endings  to  the 
boundaiyeveiySOyards,  and.  single  bords  every  chain; 
the  coal  was  then  worked  back  on  the  bord  in  banks 
11  yards  wide  in  steps, 

1,300  tons  per  foot  were  produced. 

The  same  system  is  practised  at  Waterloo  and 
Bothwell,  but  the  coal  averages  4  feet  2  inches  thick, 
and  1,320  tons  per  foot  are  produced,  of  which  nearly 
40  per  cent  is  slack. 

The  next  coal  is  the  Middleton  little  coal  or 
'*  hard  band,"  ^ing  100  feet  above  the  main  coal. 

It  is  worked  at  Manston  in  the  same  way  as  the 
main  coal  hj  borAi  and  banks. 

The.Mctim  is — 


Roof,  heavy  clod  - 
Coal,  bad,  not  got 
Coal,  inferior 
Parting     -  -  . 

Coal,  hard  steam 

Coal  got 


ft.  ins. 
0  6 


-   4  7 


The  yield  per  foot  is  1,100  tons,  and  nearly  60  per 
cent,  is  slack. 

This  coal  is  chiefly  noed  for  iron  smdti^  and 
for  engine  purposes. 

In  Ae  Morley  district  it  is  worked  the  same  as  the 
main  coal. 

In  one  instance  another  mode  was  tried  of  working 
it  by  loi^wall  to  the  rise,  and  keeping  epen  paeked 
gates  throDgh  the  goaf ;  =biit  this  was  much  more 
costly. 

The  yield  per  foot  tiiick  at  Horley  is  1,470  tons. 
The  section  i^- 

ft.  in. 

Engine  coal  -  -  1  0 
Softcoal      -         -  2  0 

3  0 


At  W^teriooy  south-east  of  Leeds,  it  is  from  2  feet 
6  inches  to  2  feet  10  inches  thick,  and  is  a  good  steam 
coal.  It  is  worked  the  sune  as  the  main  coal,  and 
produces  the  same  tonnage  pet  foot  thicks 


At  Middleton  tiie  section  i&— 
ft.  ins. 

Top  coal  •  -  -06' 
Hard  coal      -  .09 
Soft  coal  -  -19 

8   0  fer  converting  iron. 

It  is  worked  in  sets,  the  same  as  the  main  coaL  and 
about  25  per  cent  of  slack  is  made  ia  die  wming, 
all  of  which  is  sent  out. 

This  coal  should  be  worked  before  the  main  coal, 
or  if  the  latter  is  wmked  first  three  or  four  years 
should  elapse  to  allow  time  for  settling. 

Ihis  coal  is  altogetho-  wanting  in  the  Birstal,  Go- 
mera^  and  Heckmondwike 'districts,  aad  sets  in  to  the 
southward  again  as  a  thin  inferior  coal. 

T^e  next  beds  worked  are  the  Adw^ton  black 
bed  and  stone  coal,  lying  60  feet  apart,  and  the  lowest 
or  black  bed  150  feet  above,  the  litUe  coal. 

These  beds  correspond  with  the  Flookton  coals  in 
the  Bamsley,  Thomfaill,  and  Flockton  districts. 

At  Morley  the  stone  coal  lies  54  yards  deep. 

The  section  ie 


ft.  ins. 

Roof,  black   scale,  with  fossil 

shells           -  -         -   0  10 

Stone  coal,  bad    -  -       -    0  2 

Do.      good  -         -   0  8 

Parting    -          -  -       -    0  1 

Engine  coal     -  -  -06 

Grey  metal         -  -      -  -  0   9  to  2  yds. 

Engine  coal-     -  -         -    I  4 


Workable  coal 


-   2  6 


Where  the  grey  metal  does  not  exceed  18  inches 
thick  the  low  bed  is  got,  but  where  it  exceeds  that 
thickness  the  coal  is  left,  and  cannot  afterwards  be 
worked.  Genera^y  speaking,  it  is  leftk  It  is  wmrked 
similarly  to  the  other  coals  ip  the  Uorl^  district,  and 
95  per  cent  of  the  seam  ia  got  onl^  about  33  pa-  cent 
being  slack  in  the  first  working. 

In  the  pillar  ^sting,  45  per  cent,  is  alack. 

At  Birstal  this  coal  is  2  feet  8  inches  thick,  with- 
out partings,  and  is  a  very  good  gas  cOal  •  the  yard  or 
black  bed  is  3  feet  thick,  and  is  an  m^fine  coal.  Hiey 
are  both  worked  by  driving  to  the  bomidKry,  and 
working  homewards. 

At  Marlej  the  black  bed  section  is 


Roof,  black  scale,  full  of  shells 

Engine  coal 
Coal  and  dirt,  not  got 
Engine  coal 


ft. 
-  3 

ft.  ins. 
-04 

-  1  5 

-  2  8 


ins. 
2 


4  0 


Coal  got 


ft.  ins. 
-   2  7 


0  96 

Mir.  J.  E. 
MaamatL 

14  Jidy  ia«g. 


This  coal  has  not  been  worked  extensively. 
FcH*  support  of  buildingB^  at  a  depth  of  50  yards,  it 
is  usual  to  leave  a  block  solid  20  yards  from  the  out-  . 
side  of  the  buildmg. 

At  70  yards  deep,  22  yards  solid  all  round. 
At  120        „        30        „  „ 
At  150  '  -  V,        40        „  „ 
is  left,  and  then  ^  taken  out  in  alternate  ribs  10  Tarda 
wide. 

All  these  upper  seams  Ue  neafly  level 
All  the  seams  produce  gas;  the  tawx  coal  maae  than 
the  others. 

When  the  lower  seam  is  worked  first,  it  is  found 
that  the  gas  escapes  into  the  seam  above.  This  caused 
an  explosion  in  the  little  coal,  the  main  coal  having 
been  worked  previously. 
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Mr.  J.  E. 

JfOIOMtt. 

14  J11I7  18«9.' 


list  of  coals  rafened  to. 

Lowest  seam 

feet 

ft.  ins. 

Hali&x  hard          •  - 

-  90 

1  Halifax  soft  coal 

2 

0 

Low  Moor  Better  bed 

-  5S0 

2            bard    -         .  - 

2 

0 

Low  Moor  Black 

-  120 

8  Low  Moor  better  bed 

1 

9 

Crow  coal   -         -  - 

-  30 

4                black   1.     •  - 

2 

6 

Beeston  coal 

-     -  170 

.5       „        crow  coal 

1 

6 

Middleton  Main 

-  800 

6  Beeston  coal    -         -  - 

4 

8 

Middleton  Little 

-     -  100 

7  Middleton  main 

3 

9 

Adwaltfm  Black  bed 

-  150 

S  Little  coal  - 

2 

6 

Stone  or  flockton  eoal 

-     -  50 

d  Black  bed  - 

2 

3 

10  Stone  coal 

2 

6 

1,560 

All  these  seams  lie  below  the  Barnskr  «- 

25 

5 

coal. 

"Hte  witness  withdrew. 


It  was  decided  to  tc^e  no  moie  evidence  under  these  heads. 

After  the  meeting  the  Secretaiy  wsa  requested  to  draft  the  report  of  this  Committee^  aad  be 
expressed  hia  readinees  to  do  so  to  the  best  of  his  ability. 

Subsequently  in  abstracting  the  evidence  it  appeared  that  the  evidence  of  Mr.  Mammatt  might 
best  be  expressed  in  a  tabular  form.  At  the  request  of  the  Secrebary  the  form  saf^ested  by  him 
in  the  draft  report  was  altered  by  Mr.  Mammatt  to  suit  his  own  views^  and  the  form  so  altend 
was  filled  up  by  the  witness  himself,  though  with  considerable  difficulty.  The  table  was  plaoed 
at  the  end  oS.  the  abstraot  of  evidence  in  the  draft  report  as  first  prepared  by 

J.  F.  Campbell, 

Jnly  SSthj  1869.  Secretaiy. 

A4joumed  sine  die. 

Joseph  DTCKiiraoR. 


C— 12ifc  MeetiTig,  March  16, 1870. 

Present  :  1.  Ma  Dickinson  (in  the  Chair) ; 

2.  Mr,  Geddes  ;  3.  Sir  W.  Arhstrono  ;  4.  Mr.  Woodhovse  ;  5.  Mr.  Vivian  ; 
6.  Mr.  Clark  ;  7.  Mr.  Eluot  ;  8.  Mr.  FoBaiER. 

1.  The  nunutes  of  the  last  meeting,  July  14,  1869,  were  read,  and  signed,  page  70  C. 

2.  The  Beport  drafted  by  the  Secretary  as  directed  on  the  14th  of  July,  and  as  cireukted 
July  24th  and  August  lltfa,  1869,  was  produced. 

9.  Hie  members  considered  the  full  meaning;  of  the  words  of  the  Boyal  Commission  under  ▼hidi 
this  Committee  were  appointed  by  the  general  body,  and  the  several  causes  of  loss  whidi  aiiR 
from  "  carelessness  "  as  well  as  bad  working. 

The  Chairman  read  heads  imder  which  to  clasn  the  causes  of  loss,  and  suggestions  for  preventing 
the  loss.  After  some  conversation  a  manuscript  prepared  by  the  Chairman,  and  considered  hj  tbe 
membfflB  present,  was  given  to  tiie  Seoretaryf  and  was  by  him  sent  to  the  Queen's  Frintas;  20 
proo&  ordered  for  distribution. 

4.  The  Dext  meeting  is  to  be  on  the  6th  April. 

J.  F.  Campbell, 

Secretary. 

(Signed)      Joseph  Dickinson, 

April  6th. 


C.—IStk  Meeting,  April  Gth,  1870. 

Present:  1.  Mb.  Dickinson  (in  the  Chair); 
2.  Mr.  Woodhouse;  3.  Sir  W.  Akmstsonq ;  4.  Mr.  Clark;  5.  Mr  Geddes;  6.  Mr  VmAS. 

1.  The  Minutes'of  last  meeting  were  read  and  signed  at  pages  96  C. 

2.  The  members  proceeded  to  consider  clauses  of  their  Beport,  revised  Mardi  16th,  a2id  circnUw 
as  directed  in  Minute  3. 

3.  The  result  of  the  day's  work  followed,  and  the  report  is  placed  in  vol.  1. 

(Signed)      Joseph  Dickinson, 

Uay4tli. 


C. — 14iA  Meeti/ng,  noon,  May  4,  1870. 

Present;  1.  Mb.  Dickinson  (in  the  Chair) ; 

2.  Mb.  TmAN :  3.  Mb.  Geddes  ;  4.  Mr.  Woodhousb  ;  6.  Mb.  Clabk  ;  6.  Sib  W.  ABMsntosa 

1.  The  minutes  of  last  meeting  were  and  signed. 

%  The  Committee  proceeded  to  consider  their  Report  paragraph  by  paragraph. 

3.  It  was  determined  to  meet  again  on  Thursday  Jane  2nd  to  settle  the  Bepor^  whidi 
followed.    It  is  placed  in  vol.  1. 

J.  F.  Caupbell, 

Secretaiy. 
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CIRCULAR  0. 1. 

The  Commiarionera  appointed  by  the  Queen  to  investigate  the  |wobahIe  qnantityof  ooal  Mmtained 
in  the  coal  fields  of  the  United  Kingdom,  and  to  report  on  the  quantity  of  such  ooal  which  may 
be  reasonably  expected  to  be  available  for  use ;  vbethw  it  is  probable  that  coal  exists  at  vOTkable 
depths  under  the  Permiani  Nev  Bed  Sandstone,  and  other  snperincambent  strata ;  to  inquire  as  to 
the  quantity  of  coal  at  present  consumed  in  the  various  branches  of  mann&cture,  for  steam  naviga- 
tion, and  ^r  domestic  purposes,  as  well  as  the  quantity  exported,  and  how  far,  and  to  what  extenl^ 
niich  consumption  and  export  may  be  expected  to  increase^  and  whether  there  is  reason  to  believe 
that  ooal  is  wasted,  either  by  bad  working  or  by  carelessness,  or  n^ect  of  proper  f^pliances  for 
its  economical  consumption,  are  as  follows : 

George  Douglas  Duke  of  Argyll,  Knight  of  the  most  ancient  and  most  noble  Order  of  the  Thistle, 
Sir  Roderick  Impey  Muidiiaon,  Baronet,  Knight  Commander  of  the  most  honourable  Order  of  the 
Bath,  Sir  William  George  ArmBtRmg,  Knight  Companion  of  the  meet  faonon»ble  Order  <^  the 
Bath,  Henry  Hussey  Tivian,  Esquir^  H.P.,  George  Thomas  Qaric,  Esquire,  Joseph  Dickinson 
Esqnir^  Gecnge  £Uiot>  Esqoirei  Thomas  Smenon  Fotater,  Esqnixc^  John  Geddes,  Eeqnixe,  Robert 
Hunt,  Esquire,  Joseph  Beete  Jokes,  Esqure,  John  HarU^,  Esquire,  John  "Percy,  Esquire,  Doctor 
of  Hedioine,  Joseph  Prestwich,  Esquire,  Andrew  Crombie  Ramsay,  Esqnire,  and  John  Thomas 
Woodhonse,  Esquire, 

The  Commissioners,  being  anxious  to  obtain  the  <^inions  of  well-iniormed  men,  would  feel 
obliged  if  you  would  favour  them  at  your  earliest  convenience  with  answers  to  any  of  the  enclosed 
questions  to  which  you  may  feel  able  to  reply.  They  further  request  that  if  yon  desire  to  give 
any  more  extended  explanation  of  your  views  yon  ^^11  give  it,  or  refer  to  any  work  which  contains 
the  information.   I  shall  feel  obliged  if  you  will  send  your  reply 

To 

I  am, 

Yonr  obedient  servant, 

J.  F.  Cakpbell, 

Secoretary. 


NoTS.'— Of  this  Circular,  which  was  settled  Fdb.  IS,  1867,  the  following  co|^es  were  distribated : 
Feb.  S3.    To  eaoh  member,  25  -  -         -  -         -  400 

Feb.  25.  To  persons  named  by  members  to  the  Seoretftiy  -  116 

May.  186a  To  witnesses  sammoned  .         -         .         .  8 
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ROYAL  COAL  COMMISSION. 
C— Questions  pgr.  Witnesses       Waste  in  Woekino. 

1 .  Which  is  the  coal  field  of  which  you  are  about  to  fiimish  particulars  ? 

2.  Whi^t  are  the  varieties  of  coal  met  with  ?        ,     .     .  . 

3.  Produce  a  general  section'  of  the  coal  field  ?     '  ' 

4.  What  is  the  section  bf  each  seam  which  is  now  being  worked  ? 

9.  What  is  the  section  of  each  seanl  of  6ne  "foot  In  thickness  or  more  remaininj 
unpofl-ked?   

Produce  a  plan. illustrating  the  system  of  working  the  aeavaa  ? 

7.  Aie.the  seams  worked  in  descending  ori^,  are  th^se  worked  first  that  are  most 
profitable  without  r^ard  to  the  ^ect  upon  upper  seams  which  may  be  injand 
thereby? 

S4  Where  there  are  no  faults  or  other  natural  diffieulties,  what  proportion  is  left 
behind  in  each  seam  ? 

9*  Under  ordinary  circumstances,  what  prt^rtion  is  usn^y  left  behind  ? 

lb.  Wiiat  proportion  is  left  behind  on  account  of  bad  roof  or  floor,  or  from  there  being 
'  ;*  too  much  earth  between  the  beds,  or  ^m  the  coal  being  of  a  kkid  which  is  not 
.     in  demand  ipf.the  market  ? 

11.  Do  you  know  of  any  case  in  which  a  proportion  only  of  a  seam  is  drawn  to  the 
surface,  the  remainder  being  left  behind  as  incapable  of  yielding  a  profit ;  and  touM  | 

'  tbe^  coal  thus  left  behind  be  recoverable  hereafter '  without  excessive  increase  of  j 
cost,?..  .    *  j 

12.  Is  the  total  yield  greater  where  the  seam  is  worked  -by  piUap^  and  stall,  or  by  \ 
"  long  wall,"  or  by  a  combination  of  the  two  systems  ?  ' 

13.  In  pillar  and  stall  or  board  working,  does  the  coal  in  the  pillars  become  deterio-  | 

rated  by  exposure  to  the  atmosphere  and  by  crushes,  especially  at  great  dqitb. 
{md  what  is  the  loss  in' consequence' P         '  1 

14.  Could  these  ill  efiTects  .be  prevented  by  any  .other  syateEb  of  workJng  ? 

15.  What  is  the  proportion  of  large,  to  small  coal,  obtamed  ui^der  the  difierent  yj^stms 
of  working? 

16.  In  cases  where  pillars  are  left  for  a  temporary  purpose,  is  it  better,  with  a  view  to 
the  ultimate  recovery  of  the  coatl)  to  nioke  Ukose  pitioTs  small  fi^d- numerous,  or  j 
large  and  few?  u 

17.  Is  any  of  the  small  coal  thrown  into  the  gob  or  goaf,  and  lost ;  and  how  much? 

18.  What  proportion  is  left  in  ribs  or  pillars  for  shaft,  surface,  or  other  support? 

19.  When  coal  has  to  be  left,  unwotked  for  the  support  of  buildings,  &c.  on  the  surfiice, 
is  there  any  fixed  :pr<]^oktion  of  coal  left  according  to  tbe  respective  depths? 

20.  Whefh  ^l:.^e  ,^0^1  is  worked  out,  is  there  any  average  distance  according  to  tbe 
respective  depths  to  which  the  surface  is  usually  disturbed  or  "  drawn "  beyooi 
where  the  coal  is  worked  underneath,  where  the  seams  lie  level,  and  when  tbe; 
dip  at  certam  inclinations?  .  

21.  What  is  the  ordinary  money  value  of  a  statute  acre  of  coal  per  foot  thick  fortbe 
,  dififerent -species  of  cpaj  in  the  coal  field  refened  tQ?  I'.r.        1  "  ' 

22.  At  this  rate,  what  would  be  the  value  of  the  coal  which  would  have  to  be  left  in  * 
seam  6  feet  in  thickness,  lying  level,  or  at  any  certain  diidiqafi6n«  at  -l^e  respective 
depths  of  100,  ^00,  300,  400,  and  500  yaiida,;  to  sUf^iort  a  ^{eeen  area  <»  tk 

surface  ? 

23.  Is  any  coal  now  being  left  behind  which  might  be  worked  out,  and  the  sur&ce 
lowered,  without  occasioning  more  damage  than  the  loss  of  the  coal  would  amotnt 
to,  and  can  any  suggestion  be  oflfer^  by  which  this  loss  of  coal  might  1« 
prevented  ? 

24.  Could  any  of  the  portion  now  left  be  hereafter  recovered,  and  at  what  additionti 
cost? 

25.  Do  the  mines  produce  gas,  and  of  what  description,  and  if  in  dangerous  quantities? 

26.  Is  iJie  goaf,  waste,  or  gob  of  any  of  the  seams  sulject  to  spontaneous  combustioD.' 


Digitized  by 


ON  wAOns  IK  wobkhta.  '  4ll 

27i  What  steps  are  Usually  taken  to  obviate  this ;  aAd  ^eji  .fii^i  occdf  'frbni'  any  cause  i9 
how  are  they  extinguished  ? 

28.  What  proportioiji  of.  the  coal  obtained  is  used  for  QOUlery  purposes?.   ,  , 

29.  Has  a  coal-cutting  machine  come  into  use  m  the  cbal  field  in  c[iiestion,  and  on 
what  principle,  and  with  what  effect,  either  in  saving  of  cost  or  m  yield  of  coal 
from  tihe  mine  ? 

JOSEPH  DICKINSON, 

Chairman. 


REPLIES^  TO  CIRCULAR  C  1. 


(1.)  Mk.  W£iaH7.' 

1.  Tbe  top  hwd  op«t  of  Derbnbira  «  kaoum  ftt  Shize- 
otJtM,  Motto,  lix  nvlw  oUttiuw  fitom  mj  other 


S  &  3.  TtiB  ii  the  oidy  seam  worked  at  [ffeMnt ;  for  com- 
plete Motion  see  Joumal  Geoliwioal  Societjr,  vol.  xvi., 
p.  138.  Bdow  tiie  hird  co^  the  aecticm  will  be 
umilv  to  tile  StnndBy^  ud  other  Derbyriure  notions. 


4. 


10" 

Soft. 

10" 

Hard. 

8" 

BriRbU 

10* 

Son. 

Totil  3*- 

5.  The  y/boto  of  tiie  nun  is  wnkod. 

6.  Tim  seem  U  wwfced  vntirelf  en-  the  lonff  vkU  Ir^tem, 
Ae  air  and  twralliiw  iMda  beioff  canied  thvoiwh  tiM 
goaf,  as  oof  experiment  shows,  thejr  stand  without 
anj  timber  and  become  solid,  w^ile  voadi  tiirot^h  the 
ooal  require  a  great  deal  of  timber.  The  coal  is 
wicked  on  the  hoe,  the  total  length  of  hoe  heia^ 
about  2>300  yards. 

9.  About  X  (tf  the  seam,  conusting  of  slack,  is  throtrn 
back  in  the  gi^ 

10.  None. 

11.  In  South  Wales  it  is  veiyoommon  to  leave  a  laige 
pn^rtion  of  the  seam. 

12.  The  yield  is  greater  by  lonf  wall. 

13  &  14.  Hu)  coal  is  sosneimst  detuimated  by  crnshes 
and  expomre,  hut  piUaM  10  to  20  yards  w^  which 


have  been  standing  here  for  eight  years,  and  are  now 
being  removed,  yields  the  ustm  prbixNraim  «  nnmd 
coal  without  waste. 
Hie  depth  is  523  yards. 

15.  Have  only  worked  long  wall  here. 
Proportion,  two  round  ooal  to  one  slack. 

16.  Lai^e  and  few. 

17.  :kbmrt     °f  *1(b  seam. 

18.  noiie  required  at  this  depth,  620  yanls»  enept  a 
radius  of /O  yards  round  shafts. 

19.  Not  that  I  am  aware  of. 

21.  Fuat<ilaasooalB,MidiashanlAndSilkstane,25/,  to3S<. 
per  foot  per  acre,  according  to  positioDt  :■ 
Second  ciass  coals,  15^  to  251.  per  foot  per  acre. 
If  the  M^hee  Ut  pot  imrioBsl*  disturbed  hr  woikl^ 
shallower  coals,  1  do  not  think  it  neosasaiy  to  leave 
aw  niHairs  fw  tiie  8upp<ttt  of  hoildingi.  &o.  at  a  depth 
«f3(K>,400»or6n0yttri8.  . 

23.  No  coal  in  left  standmg  hem«  exeept  anmnd  the  diaft^ 
and  we  expwt  to.  oEhaust  2,300  acres  fiqaL-  tfte 
present  shafts,  which  are  60  yards  apast 

25.  As  a  rule  no  gas  can  be  found  In  tiie.pit ;  what  thCre  is 
is  fire-damp.  The  wwks  an  euned  vm  hewenrp 
entinly  with  tha  Hnsslear  esAtyJanp^  of  wfaioli  4M 
are  in  daily  nse. 

26.  No.  .      '  , 

27.  The  readiest  way  of  extinguishing  fires  fiBOlp  Spon- 
taneous oombnetitMi  is  br  nicking  nip  and  iwdAidit 
air-tight  that  portion  t^VK  workings. 

28.  From  4  to  5  per  cent. 

29.  No  ooSl  cutting  mac^e  has  been  tried  here. 

C.  Ttldkn  Wright,  F.G.8.,      '  ' 
Shireoaks  GoOieiy, 
April  3. 1867.  Worksop. 


(2.)  Mb.  DAVIDSOK. 

1.  Nevbattle,  in  the  oounty  of  Midlothian. 

2.  FaiTOt  or  cannel  coal,  house  coal  and  steam  coal. 

3.  General  section  produced  aeparatdy  shows  in — 

Blue — Limestone. 

Black — The  coals  now  being  wrought. 

Green — The  ooals  not  at  present  bung  wrought. 

Red — Stone  drifts  or  tunnels. 

4.  The  thicknesses  aire  marked  on  each  seam. 
6.  HoriEontal  scale  132  feet  =  1  inch. 

Vertical       „     60  „  =  1  „ 

6.  Vlan  sams  scale  as  section  showing  longwall  working 

in  Parrot  seam. 

7.  Work  those  first  that  are  most  pmfitable. 

8.  LcKve  as  little  as  posribls.  No  rub.  TaSto  all  we 

can  get. 

9.  Hi  acres  of  the  Pkixot  seam,  of  an  average  thickness 

of  36  inches,  gave  3,830  tons  statute  per  acre. 
The  estimated  qnsnti^  beuig  4,356  tons,  showing  a 
loss  of  526  tons  per  acre  or  iKKmt  -^th. 

In  the  same  seam  at  another  pit  a  thickness  ot 
42"  yielded  13,977  tons  statute  from  3  acres  =  4,659 
tons  per  acre.  Estimated  quantity  6,082  tons ;  loss 
423  tons  =  These  two  averages  are  taken  from 
clean  fields  of  coal  lying  at  a  moderate  angle.  The 
whole  working  of  the  pit  shown  on  plan  extends  to 

3  G 


about  51  acres.  (The  angles  are  shown  in  the 
section.)  The  produce  was  175,986  statute  tons. 
The  thickness  on  an  average  of  27  measuremente  is 
•)4  inches. 

Head  coal  hard       -  14^" 

Parrot         -  -  lOJ" 

Bottom  coal  soft     -  9" 
Estimated  quantity  per  acre  4,100  tons. 
Actual  produce  per  acre  3,450,  showing  a  1ms  of 
650  tons,  about  ith. 

10.  Leave  none  in  exoept  what  we  oannot  get  out. 
Uverything  that  mil  Dnm  is  brought  out  and  used 
for  boiler  fiimaoes,  fire  coal,  &e. 

11.  Not  at  Newbattle. 

12.  Longwall  gives  a  greatn  return  than  pillar  and  stall. 
I  have  not  toied  back  woriung,  Imt  oetieve  it  to  be 

the  best. 

13.  Yes ;  both  by  the  exposure  and  by  crushing.  In 
longwall,  cmshing  is  unknown. 

14.  Longwall  most  certun. 

15.  Pillar  and  stall  gives  the  greatest  quantity  (tf  large 
coal.  In  1867  ^r  105,600  tons  round  coal,  we  had 
15,179  tons  small,  about  -fth,  but  all  saleable. 

16.  Would  be  inclined  to  leave  lo^  and  few  pillars  witii 
narrow  workings  through  thrai.  and  have  ilniiidty 
taken  out  much  pillar  coal. 
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.  17.  Allow  none  ta  be  left.  Iftfao  wDrimMn  dont  dnw 
the  small  coal  tbey  have  to  dzanr  ipbtnih,  ind  for 
that  thejr  are  not  paid. 

18.  One  pillar  in  each  seam  was  left  to  support  the  shaft 
and  enginea,  engine  houses  and  boilers  of  the  pit, 
60  firthoms  ^  90  fithonu.  One  pillar  20  fathoms 
bn»d  is  left  to  support  a  stone  drift  of  old  day 
lewl. 

19.  None  hitherto. 

20.  The  coals  here  He  at  a  high  angle,  when  the  piin> 
eii»l  pits  are  sunk  about  31°  with  the  hration,  and 
in  one  eaaa  ibe  dmw  fbom  tile  rise  ma  16  Mhoma 
.upon  37  fUhoms. 

In  workiiw  loniprall  level  conne,  the  itnta  with 
tu  iHeak  off  nearly  vertaoal,  or  when  wnldngs 
advamoe  to  a  large  jHllar  or  viQm  haitief , 

21.  Vilne  of  ooal  per  loot  tiiiok  per  miperial  acre— 

Cannelooal   •      •  1^600 
House  ooal,  beat    -  700 
Do      2nd    -  500 
Steam  coal      -    -  400 

22.  There  are  no  fiuit<»iee  on  this  estate,  and  I  have  not 
considered  fljlly  the  case,  but  it  would  require  in  my 
opinion  a  very  special  case  to  jostify  the  sacrifioe  (v 
five  or  six  of  the  best  seams  of  coal  we  have. 

23.  I  have  left  none  yet  except  the  ittUarfwsafttyttftiM 
shafts  and  watercourse. 


24.  TIm  pillar  I  ham  left  is  so  Urge  aa  not  in  opinion 
to  be  difficult  to  set  mthout  extra  cost. 

25,  Carbonic  acid  ana  aaote.  Tlnse  would  be  dangonu 
if  let  aloufi  and  without  constant  vestalaiMm  AnAj 
poison  the  men  who  woric  among  them. 

36.  No. 

27.  Have  had  no  large  fires.  Have  drowned  out  and 
smotiMored  several  small  fires. 

28.  Arrangements  arc  bcdng  made  to  largely  veduce  tiu 
oonsnmption  of  coal  fbr  colliery  purpoees.  I  han 
been  ezpetimenting  for  a  year  or  two,  wnd  find  Um 
■Kvingirillba  about  50  per  oent.  on  pcaaeiit  coih 
snmpoon. 

To  keep  a  windmg  engine  of  two  23f  c^indas 
andfiT»<|Saet  stroke  gdng  required  two  cynndrica! 
egg-ended  boilers  whose  consumption  of  ooal  aad 
dross  was  at  the  rate  of  31611  coals,  1183- 13  diMs 
yearly,  while  one  boilflr  24  Isetxfi'  with  two 
internal  tnbe^  each  29^  diamster,  used  217-9  eo^ 
789*2  dross  yearly,  showing  a  aanng  aS  about  SOO 
tops  of  coal  and  droes  for  doing  tiu  nms  amount 
of  work  with  the  same  engine. 

29.  No.  Hie  hewing  the  coal  is  the  easiest  portion 
of  the  work  in  this  collidy.  The  snpportiiw  of  tho 
roof  and  tramit  of  the  material  nndiigfcmna  are  tha 
most  expensive  itons  here. 


8.  00LTNS8S  IBOK  WOBKS. 


I.  CoHness  coalfield. 

2:  EU,  FVotshaw  and  Blain,  Splint.  Tbrtnewell,  KiHoi^riiB, 

and  Dromgray. 

3. 

4.  Bll,  12  feet;  Fyotshaw  and  Main,  6)fiBetjSplint^6ieet{ 
Virtoewell.  3^  ftet;  Kiltongue*  3  feet 

6.  The  three  upper  seama  are  worked  by**  stoop  sad  xoora** 
method;  the  One  lower  by  *< long  waU." 

7.  Tlie  diflinmt  seams  are  irorked  as  reqnind,  mttxnit 
regard  to  Ae  effsot  upon  upper  seams. 

8.  AtMut  one  fburdi  erf  vie  wh(ue. 

9.  Also  Abont  <me  fourth. 

10.  No  regular  proportion  is  left,  but  sometimes  drcum- 
Btances  will  cause  a  piwtion  of  ooal  to  be  passed  over, 
either  firom  its  becoming  unfit  for  use  or  unworkable 
to  profit. 

11.  The  *'gionndi'^  of  die  main  ooal  are  nmalfy  left  bahind 
beeaoae  they  are  worthlasi,  and  an  about  10  hidies 

thick. 

12.  The  total ;rield  is  greater  by  the  "long  wall "  system. 

13.  The  ooal  in  the  pdlam  becomes  very  little  deteriorated 
by  exposure,  but  if  a  crush  oomee  upon  K,  it  becomes 
deteriorated  in  proportion  to  the  extent  of  the  crush. 

14.  These  bad  effects  could  be  prevented  by  working  the 
ooal  "stronger,**  m.  if  leaving  larger  sto<^  Mid 
smaUvrooni. 


16.  The  proportion  of  la^e  to  small  coal  is  very  much  the 
same  in  both  systems  of  working. 

16.  Where  there  is  a  bad  roof  it  u  better  to  leave  the 
pillars  nnall  and  numerooi,  but  with  a  good  roof  hqa 
and  few. 

17.  There  is  none  of  tike  imall  ooal  wasted,  bat  bU  is  bno^ 
to  the  surfaoe. 

18.  About  30  per  cent. 

19.  No;  about  Iths  is  usuallj^  left,  but  tiw  pn^Mrtion 
entirdy  depends,  on  local  cawMnstnees. 

90.  This  dqwMs  optm  thesupeiineumbeiit  almta.  HHbe 
kwse  the  level  working  will  "dnMr**ftutlier  over  the 
ooal  than  those  on  an  UMdiae. 

21. 
22. 

23.  None  left. 
24. 

25.  CarixHiie aoid ** gas " and oarburettod  hydNgmgHia 
smaU  quantities. 

26.  No. 

27.  We  have  been  fortunate  in  nersr  having  any  files. 

28.  About  3i  per  cent. 

29.  There  is  no  ooal-cutting  machine  in  regular  use  as  jt^ 
but  one  ia  being  used  expstimwitafly,  and  it  pnausa 
wdL 
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PROCEEDINGS  OF  COMMITTEE  APPOINmO  7th  JULY  1866.  ^  ^ 

D. 

Coinmi^  on  ^  ProbahUUy  of  jvnding  Coal  wndwr  the  Permianj  New  Bed  Scmdetonet  <md  other 
JSuperiMfwmbent  Strata,   {With  power  to  take  Svideince.) 

1.  Sir  Bodbrick  L  Mttbchison,  Bart,  kc  &c.,  16,  Belgrave  Sqiuuu 

2.  Andrew  Crombik  Ramsay,  Ksq.,  28,  Jermyn  Stareet. 

3.  JosBPH  PB£STinncH,  Esq.,  10,  Kent  Terrace,  Regent's  Park,  London,  N.W. 

4.  Joseph  Sbete  Juxes,  'Esq.,  fil.  Stephens  Green,  Dublin,  K 

5.  John  Thomas  Woodhouse,  Esq.,  Ashby-de-la-Zouche. 

6.  Joseph  Dickinson,  Esq.,  Inspector  of  Mines,  Pendleton,  Manchester. 

7.  George  Eluot,  Esq.,  23,  Great  Geoige  Street,  Westminater, )  o/i.  ". 

8.  Hknkt  Husset  Vivian,  Esq.  M.P.,  fck  Wem.  Swansea.  / 

Time  and  Place  of  First  Meeting  to  befiaed  hy  the  ChmmMn. 

Sept.  nth. — This  Committee  did  not  meet,  because  reqneetB  made  by  the  Commissioii  throogli 
their  Chairman,  on  the  9th  of  July,  are  still  under  the  consideration  Goremmont. 
Sept.  1 3th. — No  time  iixed  for  the  First  Meeting. 

Ist  Meeting,  October  10th. — A  Meeting  having  been  summoned,  the  Committee  met  at  11  A.M., 
Pnwent :  1.  Sir  Roderick  I.  Murchison,  Bart,  in  the  Chair ;  2.  Professor  Bamsay  ;  3,  Mr.  Preetwich ; 
4.  Mr.  'VN^oodhottse ;  5.  Mr.  Dickinson ;  also,  6.  Sir  William  Armstrong ;  7.  Mr.  Clark  }  8. 2ir.  Geddes. 

(1.).  The  title  of  Committee  D.  was  changed  to  the  following  :— 

D. — Commaitee  on  ike  ProbabiUty  ofJi/iuUng  Coal  under  the  Pemdan,  New  Bed  Sandstone^  and 
other  Swpervncwn^ient  Strata. 

(2.)  The  Chairman  explained  that  he  had  hitherto  been  prevented  from  calling  Meetings  because 
the  Government  had  not  decided  as  to  the  employment  of  the  Staff  of  the  Geological  Survey. 

(3.)  The  Chairman  then  informed  the  Committee  of  the  result  of  his  late  interview  with  the 
Lords  of  the  Committee  of  Privy  Coundl  on  Education,  and  stated  thaC  he  would  lay  the  DfNSoments 
before  the  General  Meeting  at  Noon. 

(4.)  After  some  cOQTersation  it  was  agreed  that  tiie  members  should  jwepare  questions  Iw 
wiiaiesses;  fmd — ■ 

(5.)  Thalt  the  neost  moetrng  iMl  he  held  onihe'Jthof  N&mnher  atlX  ajl 

(Signed)      Rod.  L  Mubghisok. 


.  'O.—^nd  Meeting  J  Nowniber  7, 1866, 11  AJl.. 

Present,  all  the  Membei-s.  Also, 

7.  Sir  'William  Abmstrong  ;  8.  Mb.  Qeddes  ;  9.  Mb.  Fobstxb. 

1.  With  reference  to  No.  4,  October  10,  the  members  proceeded  to  consider  sets  of  questions  for 
witnesses.    Sir  Roderick  Murchison,  Proferaor  Bamsay.  Mr.  Jake%  md  Mr.  Prestwich  were  formed 
into  a  Bub-committee  to  amalgamate  these  sets,  and  to  prepare  one  f<»r  the  pcoceediogs.  At 
the  meeting  acyounted  till  the  8th  at  11  AM. 


D.— 3ni  Meetmgy  Ntymnher  8, 1866, 11  A.M. 

Pbesent,  Sir  Roderick  I.  Murchison,  Bart.,  in  the  Chair. 

2.  Professor  Ramsay;  3.  Professor  Jukes;  4.  Mb.  Prestwich;  5.  Sib  W.  G.  Arm^iiong; 
6.  Mr.  Geddes;  7.  Mb.  Forster;  8.  Mr.  Woodhouse;  9.  Mb.  Dickinson;  10.  Mb.  Yivian. 

1.  The  Committee  met,  read,  considered,  and  revised  the  set  of  questions  prepared  by  tlie  Sab- 
Committee  appointed  yesterday.   Hie  revised  questions  are  as  follows. 

The  Sub-Committee  is  to  re-anai^  tihe  order  of  the  questions. 

2.  in^nMtmw^ifijyo/MMCbnHiuttsdi).  wto6aAe2do»  ITacfoiMcKay,  January  9, 1867,  a£  11  Alt 


D. — Meeting,  January  9, 1867, 11  ajl 

Present,  1.  Sir  Roderick  I.  Mxtrchison,  in  the  Chair. 

2.  Professor  Ramsay ;  3.  Professor  Jukes ;  4.  Mb.  Prestwich ;  5.  Ma  Woodhouse; 
6.  Mb.  Dickinson;  7.  Mr.  Geddes ;  8.  Mb.  Clabk;  9.  Mb.  Elliot. 

1.  As  to  Minute  1,  November  8,  and  the  questions  numbered  &om  1  to  48:  It  was  decided  to 
transpose  47  and  48,  so  as  to  follow  27.    Sundry  press  correoti(ms  were  made. 

The  Secretary  was  directed  to  have  this  set  of  questions  taken  out  of  the  proceedings,  and.  set 
up  separately  as  a  circular,  1250  copies  to  be  struck  off  in  the  meantime. 

£.  The  circular  to  be  headed,  as  follows:  {JaTK  11.  The  Secretary  instructed  the  Quem*a 
Prvntere  accordvagly.)   {See  Oiroular  1>.  1.) 

(Signed)      Rod.  I.  Mubchison, 

Chainmui. . 
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1.  .Sib  Boderick  I.  Mubchison,  in  the  Chair;  S,  Tbe  Duke  of  Abgtll;  3.  Sib  Willuk 
AiUiSTEbNG;  4.  Mb.  BiCKmaoN  ;'  6.  Mb."  WooDHotJse ;  6.  Mb.  Fobsteb;  T.  Ma.  OfiDDK; 
8. FbofessobRamsat;  9. PbofessobJttkxs;  IO-MkHabtlet;  ll.lflLClABK;  12.UilHukt; 
13.  DoctobFebct. 

1.  The  Uinutes  were  read  and  signed. 

2.  Professor  Ramsay  made  a  statement  relative  to  information  now  available  from  the  Qeol<^c^ 
Survey.  He  also  read  a  lut  of  persons  to  vhom  the  questions  shotild  be  sent  by  the  "memben  sf 
this  Committee.  After  some  conversation  the  members  present  prepared  similar  lists  of  pwsana 
known  to  them  as  likely  to  ffcve  Taluable  information.  Tbe  lists  were  read  aloud,  daplicstes  wm 
■cored  out,  and  it  was  agreed  tiiat  members  should  swd  questions  to  tiw  penons  naftied  in  their 
rei^tective  list& 

.  {See  Ovrctdar  D.  1.  now  printed  qf,  and  sent  to  membera.) 


B. — Gih  Meeti/ng,  Ma/rck  4, 1868. 

IBBXBBm :  1.  -  Sib  Bodebick  Mcbghison  {in  the  chair). 

1  ItB.  Oeddcs;  8.  Mb.  DioKnmoE ;  4.  FBomoB  JtrXES^  ff.  IbLSixtot;  6.  Mb.  PBEsrwKa; 

7.  Pbofbssob  Rahsat  ;  8.  Mb.  Woodboitse. 

Committee  D.  met  at  the  Geological  Museum  in  JengyA  Street  at  10.80  ajn.,  us  settled  at  the 
general  meetii^  held  on  the  3rd. 

1.  Sir  Boderick  Murckison  explained  his  view  as  to  the  improbability .  of  finHiTig  productave 
coal  in  tile -southern  districts  of  England,  referring  to  a  paper  read  by  him  before  uie  Britidi 
Association  in  1846,  and  of  which  lie  gave  copies  to  the  meml^  yeeterday,  and  io  a  small 
geological  map  of  England.  Several  other  membera  todk  part  in  a  lengthened  conversation, 
and  Mr.  Dickinson  ^plained  his  reasons  for  the  opinion  which  he  has  maintained  on  this  point 
The  idea  of  making  bores  at  the  national  cc^t  was  suggested  by  Sir  Boderick  Mnrchison,  who 
pointed  out  spots  favourably  situated  in  England  for  ascertaining,  by  experiment,  the  nature  of 
rocks  hidden  by  superincumbent  strata.  One  point  would  be  the  Weald,  where  the  strata 
beneath  the  lower  green  sand  have  been  largely  denuded ;  a  second  point  should  be  at  some 
distance  to  the  east  of  the  Somersetshire  coal  field ;  the  experiment  aBieady  commenced  to  the 
north  of  London  would,  if  c<Hnpleted,  almost  decide  the  question  of  the  existence  of  coal  under 
the  metropolis  ;  for  the  sinkings  at  Hajrwioh  .M  already .  demonstrated  that  there  the  cretaceous 
series  rested  on  rocks  older  than  the  coal 

Jtfr.  Woodkouse  said  thab  boring  is  now  ieami^  aad'Certain.  A. complete  section: — a  brokea 
pillar  of  rock,  4  inches  in  diameter  and  as  long  as  tiie  hole  sunk,  can  be  brought  up  piece-meal 
by  a  machine  which  bores  a  hole  8  inches  in  diajneter.  Some  years  ago,  a  boring  1,000  feet  deep, 
made  for  Mr.  Woodhouse,  cost  1,000?. ;  but  severa-l  members  expressed  their  opinion  that  the  same 
work  could  now  be  executed  for  500^,  and  some  held  that  a  few  hundred  feet  woold  be  soffident 
to  dedde  this  question.  ■  It  was  held  to  be  a  matter  for  serioiis  coDSiderati(m  whether  the  Gont- 
knittee  and  the  OraamfBsion  should  not  recommend  the  execution  of  sndi  woiks  to'the"Qover<iAifflii 

Mr,  Preatwich  proposed  that  a  meeting  be  summoned  in  the  first'  place,  for  the  purpoae^of  takii^ 
evidence  so  as  to  get  tt^ether  facts  and  opinions  fts  to  t^e  unproved  geology  of  the  south  and  east 
of  E)ngland,  and  the  following  gentiemen  were  named  as  able  and  willing  to  give  valuable 
information ;  Mr.  Godivm  AusfiiAb,  Mr.  S&ceridge,  Pra^aaorxPhH^^Mr.  SvU,  Mr.  Moore,  of  Both. 

It  vfos  decided  U>  hold  a  .mekvng  of  CommUteoJi.  on  JPrif^  the  Chologusai 

Muae/mn.  in  Jerm^  Street,  at  2  ^.m.  The  Secretary  vxia  dvrectm  to  secure  ike  cdtrndaiux  oj  n 
eh/o^;h(md  vrnterxO/nd  to  send  copies  of  this'  rki/tiute  '  to  all  0ie  ineiijAeirs  of  the  Cbmrnissfo^j  w 
ihai  cmy  rmmher  who  thinks prop^  '  '  * 

2.  Jfr.  Woodhoiue  exhibited  a  miap  and  seoiioDs'ta  iftostitfte  his  work  sftMnit  Ntittin^iain  and 
the  ed|e  of  the  ooal  fields  in  that  d^ttriet   He  anggceted  tAmt  this  and  similftr  vftak  done  fay  tbc 
Commission  for  the  public  ought  -to  be  carefully  preserved  in  some  plaoe  where  the  pubHc  coal<i 
■haVe  aetiess  to  -it:'.  The  dififedlty  of  -making  the  record  agi»e  with  pledges  ^rfiea  lufr^iiilividiials 

who  have  fomished  information  was  started,  and  it  was  shown  by  Mr.  Wowlhouse  that  no  detailed 
infonnation  which  could  be  construed  into  a  breach  of  confidence  was  given  in  the  map  exhibited. 
It  only  showed  broadly  all  that  is  known- about- B  particular  fleaafc  ooal  at  tiie  edge  of  a  known 
ooal  field,  and  at  spots  where  the  seam  had  been  found  beyond  the  known  edge,  oy  sinking  {Hf* 
or  hy  boring  through  rocks  which  there  cover  the  coal  formation  to  tite  eastward. 

lu:.  Woodbouse  stated  that  his  portion  of  the  work  of  estimating  quantities  of  coal,  kc,  hid 
now  amved  at  tiie  point  where  it  was  ready  for  the  consideration  of  Committee  D.  who  have  to 
'  deal  with  probabilities.   He  was  requested  to  send  the  maps,  sections,  &c.,  which  he  has  prepared 
to  Sir  Roderick  Murchison  the  chairman,  a&d  he  imdertook  to  do  so  fortiiwitji. 

3.  Professor  Ramsay  exhibited  in  the  theatre  of  the  museum  a  great  number  of  "Icai^tu- 
dinal"  or  "  horizontal "  sections  which  lare  intended  to  oonneot  geologically  coal  fields  wUdi 

'  separated  from  eadi  oth»  at  the  surfooe  by  rocks  of  later  formati<m,  under  wbidl  improved  W 
fidds  may  possibly  exist  These  sections  are  also  intokded  to  fihow  the  thii^eflS  <H^tbe  mf^ 
incumbent  strata  -in  these  dista^ots,  ascertained  by  measurement  at  the  outcrop  of  beds  of 
rock>  or  otiierwise;  and  by  infisrenoe  and  deduction  firom  asoertcuned  &Gts.    Professor  Bamtfy 
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explained  the  prindple  oil  woiba  he  wtn^ced.  and  Mtoglit  the  upfovnl  of  the  OommuMe  before 
prMeeding  farther  with  these  eeotiotu. 

The  Committee  approved  of  the  principle,  but  they  will  consider  the  evidence  before  they  rep<wt 
Mr.  Prestudch  proposed  that  different  areas  of  this  nature  be  taken  separately,  and  that  evidence  ■ 
be  taken  viv&  voce  and  printed,  so  as  to  form  part  of  the  Appendix  to  the  final  Keport^  and  that 
the  ineetdiig  on  jbhe  ISth-should  be  the  first  of  a  aeries.   The  Co^uaittee  then  aeparated,  and  the 
Secretary  proceeded  to  obey  their  instruotiona 

BODk  L  MUBCKISOH. 


D.— MeelMig,  March  IS,  1868. 

The  Committee  met  in  the  theatre  of  the  Qeologieai  Miuenm.- 

Present:  1.  Sir  Rodebick  Mubchison  (in  the  chair). 
2;  H&  Fkbstwioh  ;  3.  Mb.  Qeddbs  ;  4.  Mb.  Hunt  ;  5.  Pbofssor  Bamsat  ;  6.  Mb.  Dkjkikson. 

Mjr.  Webb,  ^rthand  vi:itw  from  Meesra  Qumey,  was  in  attendance ;  also  Mr.  Qodwiu-Auatui 
and  Mr.  £theri«^  prep»ed  to  give  evidence  as  vitneeseBL 

1.  The  minntea  of  last  meeting  which  have  been  revised  by  the  members,  were  read  and  oon- 
firmed  as  altered.  '  , 

.  Boa  L  MuBCHisoN.' . 


(CAotrmoit.)  Gentlemen,  at  onr  last  meeting  we 
went  into  the  general  consideration  of  the  probability 
or  improbabilily  of  finding  coal  under  the  secondary 
or  younger  rocus  in  a  large  portion  of  England,  and 
on  that  occasion  there  was  some  discussion  upon  tlie 
probable  extension  of  the  Belgian  and  ValeDciennes 
coalfield  into  England  under  the  superincumbent  and 
younger  rocks.  I  am  aware  that  we  sh^  not  come 
to  that  question  to-day ;  for  it  appears  that  we  shall 
be  sufficiently  occupied  with  considering  the  subject 
of  the  probable  eastern  extension  of  coal  from  the 
qouth-westem  coalfields  of  England,  and  particularly 
from  the  Somersetshire  coalfield,  upon  which  Mr. 
Prestwich  has  prepared  and  accurate  maps,  and 
has  been  long  at  work.  We  will,  therefore,  if  you 
please,  first,  go  into  that  question.  We  had  also  a 
discission  upon  Ae  expedienigr  of  making  bores  to 
ascertain  what  rocks  lie  under  these  younger  rocks, 
and  whether  any  coal  is  to .  be  found  in  certain  di^ 
tricts.  Upon  uiat  point  I  have  received  a  letter 
from  Mr.  Woodhouse,  who  regrets  that  he  cannot 
attend  to-day,  and  that  letter,  with  your  permission, 
I  will  put  in  as  having  a  reference  to  the  general 
question.  I  should  hop^  .^hat  S;t  our  next  meeting  the  - 
subject  of  boring  will  be  gone  hito.  It  is  so  impor 
tant  a  ^ulgect  that  I  think  that  no  time  should  be 
Ibs^  In  the  matter.  If  you  approve  of  tiie  principle 
of  making  borings  in  four  or  five  different  parts  of 
England,  which  can  easily  be  indicated,  the  sooner 
that  subject  is  brought  before  the  whole  of  the  Coal 
Commission,  and  disposed  of  the  better,  otherwise  our 
report  will  be  indefinitely  delayed. 


The  Chatrman  read  the 
Mr.  m 


letter  Jrom 


"  Derby,  i2th  March  1868. 

*'  Dear  Sir  Roderick, 

"I  regret  very  mueh  to  say  that  in  conse- 
quence of  wgagfBoente  Hiade  some  time  aiace  I  am 
unahle  to  attend  the  meeting  of  the  Cammiflsian  to- 
morrow. 

"  TJ)e  question  as  to  tl^  probalulities  of  eoal  under- 
neath the  newer  formations  on  the  south  and  sonth- 
east  of  England  js  a  sulject  «f  4eep  interest  and  I 
hope  ^lat  apon  considwaftiMi  the  CwnmissioDarB  viU 
find  it  advisabk  to  advise  the  Goremveat  to  makb 
experiments  by  boring,  to  jaove  tiaa  existence  of  coal, 
or  the,  contrary.  It  is  a  question  <^  great  natiowu 
in^Mrtaace,  and  I  do  not  think  that  there  is  any 
reason  to  apprehend  that  the  interests  of  parties  who 
are  already  working  cqllierie^  or  are  pn^ietors  of 
ooal  already  proved,  to  be  windked  eiUier  now  or  pro- 
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spectiv^y,  will  be  at  all  prqjndiced  by  the  discovery 
of  coal  19  the  district  to  which  I  refer.  Should  coaj 
be  discovered  in  Uiese  places,  it  will  be  at  a  very  con- 
siderable depth,  so  much  bo  aa  to  prevent  (for  some 
time^  and  until  facilities  for  deep  woiking  are  vastly 
improved,)  its  being  brought  into  competition  with 
coal  brought  by  rail  from  the  districts  already  opened. 
If  it  should  be  proved  that  coal  does  not  exist  there, 
it  will  tend  to  show  the  importance  of  economizing 
the  fields  already  proved,  and  it  will  be  an  inducement 
to  coal  proprietors  to  have  their  properties  worked  in 
a  mtumw  less  wasteful  than  at  present.  And  from 
this  point  of  vi^w  the  experiments  will  be  valuable 
to  the  highest  d^ree.  As  regarda  the  cost,  I  do  not 
think  it  will  be  found  to  be  so  formidable  as  man^ 
suppose.  And  I  take  leave  to  submit  tittat  befiwe  this 
branch  of  the  subject  can  be  fully  considered  the 
evidence  shoiiild.  be  taken  of  men  who  have  made  the 
largest  boring  trials;  and,  amongst  others,  I  venture 
to  suggest  that  Mi.  John  Kvwiu  Mining  Eugioeer> 
of  Bamsley,  he  requested  to  render  his  asnstance  in 
the  matter. 

"  I  beg  to  ap<dogi8e  for  troubling  you  with  this 
conunuuieation,  in  which  I  very  inadequately  express 
what  I  vnshed  to  say,  had  I  been  able  to  attend  the 
meeting. 

I  remain, 

"  Dear  Su-  Roderick, 
"  Vour  fiuthful  and  obedient  Servant, 
^  Sir  Bodex^ck  Imney       John  TnoSb  Woonnoiaa. 
"  Hnrchiaon,  BarL, 
"  Mosemn  of  Practical  G^ogy, 
"  Jermyn  Street  London,  S-W.** 

{Mr,  Geddeg.)  1  approve  of  Mr.  Woodhonse's 
letter  as  being  quite  to  the  point  before  ik»  Com- 
mission. 

{Mr.  DiekintOH.)  Ferh^s  I  my  add  my  opinion  on 
this  matter.  As  very  important  interests .  are  ooo- 
cemed,  and  very  large  amounts  of  capital  are  alrea^ 
invested  in  the  colUeries  ^  this  kingdom,  I  tUnk 
that  we  should  defer  making  a.reoommeadatimi  vp^ai 
this  point  until  we  know  what  is  the  fealivg  of  the 
coal  trade  upon  the  subject  as  to  whether  or  not 
public  money,  should  be  expended  i»  making  these 
trials. 

{Mr.  GeddCM.)  The  Commission,  as  I  ondeiBtandiit, 
is  ai^inted  for  the  solution  of  a  very  iniportaat 
question ;  naeoely,  is  there,  or  is  there  not,  coal  her% 
and  there  ?  How  we  we  to  ftseertun  Aat  but 
some  such  operaticm  as  this  ?  If  we  succeed  through 
these  borings  in  showing  that  there  is  a  vast  qusoti^ 

♦    • ^    .  ..:   s  k: 
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of  coal,  surely  we  are  promoting  the  nationid  pro- 
sperity; and  the  whole  case  before  us,  I  think,  woald 
be  left  out  of  view  if  we  did  not  go  Into  this  question 
of  boring.  There  is  apparently  a  contrariety  of 
opinion  j  and  as  to  the  coal  ownera  having  objections, 
I  cannot  sympathize  with  them. 

{Professor  Ramsay.)  If  they  have  objections  it  is 
nevertheless  the  business  and  duty  of  this  Commission 
to  ascertain  where  coal  lioa  beneath  the  secondary 
strata. 

\Mr  Geddes,)  I  speak  for  myself,  and  I  am  sure 
that  I  speak  for  others  of  the  Commission.  We  are 
aiming  at  getting  this  vast  question  solved,  aye  or  na 
Hare  we  the  coal,  or  have  we  not  ?  I  tlierefore  do 
not  at  bU  sympathize  with  Mr.  Dickinson's  appre- 
hensions or  alarms  as  to  the  coal  owners ;  I  do  not 
see  how  that  touches  the  question  at  all. 

{Chmrmaa.)  I  think  that  the  objections  which 
Mr.  Dickinson  has  raised  are,  to  a  great  extent,  an- 
swered in  this  Tery,lett6r  which  I  have  laid  before 
you.  Mr.  Woodhouse  enters  into  that  question  (and 
it  is  his  opinion,  and  he  has  certainly  great  prac- 
tical experience),  that  this  a  most  desirable  operation 
to  be  entered  into.  Wben  I  su^ested  this  to  the 
Committee  at  our  first  meeting,  I  did  so  upon  the  con- 
viction that  it  was  a  subject,  as  I  stated  th^  of 

S*eat  national  importance ;  and  I  consider  that  this 
oal  Cotaimission  will  not  have  completed  its  duty 
if  it  does  not  prove  by  absolute  boring,  whether 
there  is  coal  in  lAe  South  of  England  or  not  I  say 
that  tiie  question  yAM  never  be  properly  settled  to 
the  satisfaction  of  the  public,  and  to  the  honour  of 
the  Coal  Commission,  if  we  do  not  have  these  boring 
established.  The  point  will  otherwise  always  be  in 
litigation.  In  all  the  central  parts  of  England,  where 
there  are  up-cast  coal  tielde,  we  may  very  reasonably 
anticipate  that  coal  will  be  found  in  the  intermediate 
tracts,  at  a  depth,  which  the  geological  surveyors  who 
have  estimated  those  overlying  formations  can  state. 
But  with  regard  to  the  great  questions,  of  the  exten- 
sion of  the  coal  southwards  from  the  Warwickshire 
coa\.  field,  and  ^e  extension  of  the  Yalenciennes 
coal  under  the  south  of  England,  and  the  possibility 
of  the  coal  to  which  Mr.  Prestwieh  is  now  going 
to  allude  folding  over  and  coming  into  the  sonthem 
parts  of  England,  vM  these  questions  are  at  present 
purely  hypothetical,  and  can  never  be  set  at  rest 
without  borings. 


{Mr.  BvnU)  I  have  received  a  lattv  fnm  ate 

of  the  largest  coal  owners  of  Soudi  Stafibrdshire, 
urging  that  the  ConmiissioQ  should  press  upon  the 
Government  to  spend  200,000^1  or  300,000/.  ia 
borings  in  different  parts  of  tlie  country.  TTiatshoin 
the  feeling  on  the  part  of  the  coal  proprietors,  and 
at  our  next  meeting  a  letter  to  that  efiwct  will  pro- 
babfy  be  submitted  to  the  Committee. 

{Mr.  Prestwieh.)  I  doubt  whether  any  borings  con- 
ducted in  the  south  of  England  would  be  satisfactorjr, 
unless  the  same  trials  were  made  in  other  parts  of  the 
country.  Although '  geologists  know  that  there  'a  a 
probability  of  finding  cotl  between  Someraetshire  and 
Shropshire,  and  between  Shropshire  and  ChediiR^ 
still  great  doubt  exists  amongst  the  general  puUie. 

( Chairmtm,)  If  my  humble  suggestion  to e 
adopted,  the  trial  would  only  be  made  in  places  it  i 
certain  distance  from  known  carbooiftrous  foena- 
tions.  Thus,  with  regard  to  Warwickshire,  which  is 
the  most  southemly  of  the  coalfields,  I  should  ea,y 
put  in  a  bore  at  Rugby  or  Lutterworth,  or  part  d 
that  country.  They  have  already  gone  through  1,200 
feet  of  strata  there  ;  and  I  should  say,  extend  those 
borings.  Harwich  is  proven  by  having  found  then 
slate  limestone  of  the  lowest  and  unproductive  car- 
boniferous strata.  Then  I  should  say,  deepen  the 
well  to  the  north  of  London,  and  extend  your  borings 
in  the  wealden  formation.  Then,  with  regard  to 
your  own  country  {addressing  Mr.  Prestwich\  yon 
should  choose  your  own  spot  Any  place  whidi  ^roo 
thought  nearest  to  the  Somersetshire  coalfield,  imeh 
you  had  reason  to  think  might  possibly  extend  eaet- 
mtrd,  ought  to  be  tried  through  the  sapcrincambent 
formation,  on  your  own  suggestion. 

{Mr.  Prestteich.)  I  would  rather  reserve  my  opiniot 
until  I  see  what  probability  there  is  of  finding  ooal  or 
not  in  that  part  of  the  south  of  England. 

{Chairman,)  Are  your  objections  to  patting  in  bore 
holes  anywhere  ? 

{Mr,  Prestwieh.)  That  is  a  point  upon  which  I 
should  wish  to  reserve  my  opinion  unt  il  we  have  gone 
more  into  the  question. 

{Chairman.)  We  will  now  proceed  to  the  speciil 
business  of  to-day,  which  is  to  call  upon  Mr.  Prestwieh 
to  give  us  his  general  views  respecting  tiiis  Somoset- 
sh^  coalfield,  upon  which  he  has  been  speBisUr  em- 
ployed by  tile  Commission,  Mid  upon  which  ne  is 
prepared  to  report. 


Joseph  Prestwich,  Esq.,  a  Member  of  the  Commission,  examined. 


1.  {Mr,  Prestwieh,)  What  I  wish,  Sir,  is  to  lay  before 
this  Committee  the  facts  which  have  come  under  my 
notice  as  a  member  of  the  Commis^on  appointed  to 
examine  the  Somersetshire  coalfield,  and  which  have, 
I  think,  a  very  e^ntial  bearing  upon  the  important 
question  of  the  probability  of  finding  coal  in  the 
soath  and  south-eastern  districts  of  England.  This 
Somersetahire  coalfield  is  one  respecting  which  the 

anestion  arises  whether  it  extends  nndemeath  that 
istrict,  and  is  in  any  way  connected  with  the  coal- 
fields of  the  north  of  France  and  Belgium*.  Bearing 
upon  that  subject,  it  is  very  important  to  determine 
the  extent  and  thickness  of  all  these  beds,  their  rise 
and  their  dip,  as  we  lose  sight  of  them  near  the  east- 
ward range. 

2.  ( Chairman,)  I  am  not  acquainted  with  any  bed 
•there  which  dips  to  the  east. 

{Mr,  Prestwieh,)  I  purpose  giving  you  the  difierent 
dips  of  the  beds  in  the  neighbourhood  of  Bath. 

3.  {Chairman.)  The  dip  of  that  bed  is  westward  ? 
— Yes,  generally.  The  questions  to  be  considered  are, 
whether  there  is  any  evidence  to  show  that  coal 
measures  pass  undwneath  the  newer  form^ons,  the 
thickness  which  they  possess  on  tb^  eastward  iKHm- 
dary,  and  whether  we  have  a  complete  east  edge  of 
the  basin.  Another  impoituit  con^deration  is  the 
period  at  which  the  danndation  and  distarbauce  of 
Ais  district  Ux^  plaoe^  so  as  to  see  whether  there  is 


any  connexion  in  range  between  the  secondary  series 
and  these  coal  raeasures.  It  is  well  known  that  the 
new  red  sandstone  and  the  lias  were  deposited  oret 
this  area  after  the  denudation  of  the  coalfield;  and 
that  the  faults  which  afiect  the  coalfield  do  not  put 
in  many  cases  through  the  overlying  rocks,  bat  it 
some  oases  they  do,  and  tiiere  has  been  disturbsDeei 
since  that  period.  These  points  had  been  before 
carefully  examined  into  by  Mr.  Etherise  especuUj, 
and  others,  and  there  was  a  great  deal  of  eridoice 
collected  before  I  commenecd.  In  fact,  Mr.  Etheridge 
supplied  me  and  Mr.  Anstie  with  a  map  of  this  district 
showing  the  range  already  ascertained  of  the  coalfield 
under  the  newer  formations ;  and  what  I  propose 
to-day  is  to  ^ve  the  additional  information  ve  hare 
obtained.  What  I  have  done  is  to  take  the  td^ 
the  Greological  Survey  as  the  basis  of  ob8erT»ti<»s. 
From  that  map  I  have  taken  the  known  area  of  the 
coalfield  as  exposed  on  the  surface.  I  find  that  the 
total  area  of  exposed  surface  of  coal  roeasares  is 
30,680  acres.  But  beyond  that  there  is  a  very  iiD* 
portant  range  of  coal  measures,  probably  of  a  ^ttiff 
extent  than  in  any  other  ptntion  of  England,  worked 
under  the  new  red  mari  and  the  lias,  and  I  have  had  it 
Mlcolated  in  acres  by  Mr,  Ansti^  and  it  appean  tl^ 
the  area  of  the  pwticni  wwked  under  the  new  redmiHi 
including  the  area  whidi  subtends  from  it  as  it  T>'' 
im^  Coalpit  Heath  near  Briirtol,  &G.,  is  24,111  ifff»- 
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The  coalfield  of  B&dstock  near  Bath  is  worked  for.  the 
largest  portion  of  it  underneath  the  red  marl  and 
the  lias. 

4.  And  all  in  the  form  of  a  basin  ? — That  district 
forms  nearljr  a  complete  basin. 

6,  And  all  these  beds  ipoinHng  to  the  map)  dip  to 
the  north  ? — ^Yea,  but  at  variable  angles. 

6.  There  is  no  evidence  in  way  portion  of  this  txact 
of  any  stratum  dipping  to  the  east,  is  there  ? — Where 
we  lose  sight  of  the  coal  measures  on  the  eastward 
range  thej  dip  west. 

7.  That  is  exactly  my  view  of  it.  Although  there 
is  not  a  continuous  boundary  of  mountain  limestone 
upon  the  eastern  side  of  this  field,  you  have  at  inter- 
vals bosses  of  the  limestone  here  and  tt^ere,  and 
you  say  that  you  have  no  eastern  dip  of  any  carbon- 
iferous strata  ? — The  coalfield  at  Radstock  is  the  mmt 
eastemly  basin  of  the  coalfield. 

8.  Is  there  any  eastern  dip  towards  or  near  the 
eastern  boundary  of  what  I  call  the  great  basin ;  is 
there  any  fold  over  ? — 1  will,  if  yon  will  vXkm  roe, 
give  those  detaOa  af^rwards. 

9.  What  we  are  eoDcenied  with  is  to  see  whether 
the  Sffloerselshire  coalfitdd  thickens  or  thins  towards 
its  eastern  extremity.  I  believe  that  towards  the 
south  little  portions  of  coal  will  be  found  in  the 
bends  of  the  mountiun  limestone  ;  but  that  is  not  my 
question.  What  I  wish  to  have  clearly  made  out  is 
whether  there  is  any  evidence  whatever  of  a  fold  over 
of  the  mountain  limestone,  so  as  to  see  whether  we 
are  likely  to  find  coal  measures  in  the  southern 
counties  of  England  'i — My  object  is  to  show  the 
bearing  of  this  coalfield  to  the  newer  rocks,  and  to 
show  to  what  extent  it  passes  under  them. 

10.  In  this  basin  ? — ^Yes.  I  will  give  the  dips  of 
difi'errnt  trial  pits  on  the  eastern  boundary,  so  as  to 
give  you  the  information  you  ask  fbr  respecting  the 
dip  of  the  coal  measures  as  they  ^preach  the  eastern 
boundary.  There  is  one  point  which  I  will  give  you 
further.  I  have  mentioned  the  area  of  the  portion 
of  the  coalfield  which  is  worked  under  the  new  red 
marl.  I  will  now  give  you  the  supposed  total  area 
of  coal  measures  covered  by  secondary  strata  drawn 
from  the  obsei-vations  of  Mr.  Etheridge  and  Mr,  Anarie 
and  myself.  There  is  a  ridge  of  mountain  limestone 
passing  almost  round  this  coalfield  to  westward,  con- 
tinued' south  in  the  Mendips,  and  lost  sight  of  at 
Frome.  In  the  railway  cutting  at  Almondsbury 
traces  were  found  of  the  millstone  grit  rising  up  from 
beueath  the  lias.  We  also  know  that  trial  pits  have 
been  made  at  Twerton  and  at  Mells,  showing  that  the 
coal  passes  for  many  miles  underueath  the  new  red 
sandstone  from  its  boundaiy.  Drawing  a  line,  there- 
fore, on  a  plain  map  underneath,  we  find  that  there  is 
in  the  Somersetshire  basin,  122,200  acres  covered  by 
formations  newer  than  the  coal  measures.  The 
question  to  which  Sir  Roderick  has  just  alluded 
is,  how  do  those  coal  measures  behave  on  their 
eastern  boundary  between  Bath  and  Frome ;  in  what 
direction  do  they  dtp,  and  what  are  the  last  ti'ial 
pits  ?  At  Twerton  near  Bath  I  visited  a  pit  last 
autumn  in  which  the  section  gave  20  feet  of  lias 
and  50  feet  of  new  red  marl,  making  70  feet  of  newer 
and  nearly  horizontal  beds,  under  which  the  coal 
measures  were  found  dipping  12  to  13  inches  per 
yard  west,  a  very  rapid  dip.  The  point  to  deter- 
mine was  what  member  of  the  Somersetshire  coal 
measures  this  was,  whether  it  belonged  to  tlie  upper 
or  Radstock,  or  to  the  lower  or  Bristol  coal  series. 
Professor  Morris  accompanied  me  through  this  district 
to  examine  the  organic  remains,  so  as  to  aid  in  deter- 
mining that  point.  We  found  a  small  zone  x£  shc^ 
iu  the  Bristol  lower  series,  and  of  these  we  found 
traces  at  Twerton.  There  was  also  an  absence 
of  the  numerous  plants  which  occur  at  Radstock. 
Altogether  it  is  probable  that  those  coal  measures  at 
Twerton  are  part  of  the  lower  series. 

11 .  I  should  suppose  so,  because  I  apprehend  that 
if  yon  go  a  little  fut-ther  eastward  underground  you 
will  come  to  the  mountain  limestone  basin  ;  in  short, 
it  forms  a  p«-t  of  the  basio  7 — Te^  at  that  point. 

I«4«8.     Vol,  II. 


12.  You  showing  us  now  the  extent  of  coal  in 
a  given  basin  which  is  covered  by  the  new  red  sand- 
stone and  lias ;  but  it  is  still  a  great  coal  basin. 
What  we  ediall  want  to  ascertain  eventually  is,  what 
you  know  of  Uie  outsicto  of  this  basin  with  regard  to  - 
the  supeijacent  rocks.  Everybody  can  see  that  this 
is  a  great  and  brc^cen  field  ;  but  luere  is  a  mountain 
lim^tone  barrier  all  the  way  round,  except  at  intervalii 
upon  the  eastern '  side  ? — ^It  seems  to  me  tliat  the 
extent  to  which  the  coal  measures  para  under  the 
newer  formations  has  an  important  beiuing  on  the 
further  consideration  of  this  subject.  It  docs  not 
settle  the  question,  but  I  think  that  these  are  safe 
data  to  proceed  upon. 

13.  Secondary  formations  covering  a  coal  basin  have 
no  reference  to  the  point  to  whidi  I  am  looking ; 
namely,  the  gi'onnds  for  supposing  that  this,  basin 
turns  over  and  comes  under  these  secondary  forma- 
tions?— ^I  want  to  show  to  what  extent  we  can  prove 
the  coal  measure  between  Bath  and  Frome  to  form 
a  basin  or  not.  A  trial  boring  has  been  made  at 
Comb-Hay,  and  through  the  oolites. 

14.  Is  that  south  of  Bath  ?— Yes.  I  contend  that 
all  these  points  bear  upon  the  particular  issue,  because 
unless  we  know  exactly  hoxr  the  coal  measures  lie 
on  this  eastern  bounduy  we  can  hardly  proceed  to 
argue  upon  their  range. 

15.  What  becomes  of  this  mountain  limestone 
{pointing  out  the  same\  because  in  that  case  it  is 
still  part  of  this  basin  ? — I  wilt  show  you. 

16.  {Mr.  Geddes.)  Supposing  that  there  be  a 
great  fault  there,  it  will  throw  the  limest<me  a  great 
deal  further  on  ?  —  At  Comb-Hay,  after  passing 
through  the  lower  oolite  aud  the  new  red  marl,  some 
coal-measure  rocks  were  met  with  and  there  is  eveiy 
reason  to  believe  that  they  were  pai-t  of  the  Pennant. 

17.  {Chairman.)  They  could  not  tell,  I  suppose, 
without  boring,  how  the  stratum  dips  there  at  aU  ? — 
Yes ;  it  dips  to  the  west 

18.  They  are  still  in  the  coal  basin? — ^Yes:  The 
next  trial  which  has  been  made  has  beai  made  near 
Mells  ;  that  is,  at  a  distance  of  about  six  miles  further 
to  the  south ;  and  in  that  pit  they  passed  through 
the  lower  part  of  the  oolite  and  the  lias  only  a  few 
feet  thick,  and  they  came  upon  the  coal  measures, 
the  upper  part  of  the  coal  measures  dipping  slightly 
eastward ;  but  I  must  confess  that  the  section  is  not 
intelligible,  because  the  lower  part  of  the  series 
dipped  westward. 

19.  {Profe$sor  RamtOff.)  That  is  in  a  country  in 
which  the  strata  are  so  disturbed  that  I  can  easily 
imagine  it  is  difiicult  to  determine  the  exact  dip. 

20.  (JHfr.  Geddes.)  Is  that  a  sinking  or  a  boring  ? 
— It  Is  a  sinking.  When  I  said  that  it  dipped  east> 
ward,  I  should  have  said  that  it  dipped  northward. 
The  upper  seams  dip  four  inches  per  yard  north,  and 
the  lower  seams  dip  14  inches  per  yard  south. 

21-2.  (Chairman.)  There  is  atUl  no  dip  east?— 
No,  and  there  is  no  west  one.  Those  we  the  main 
facts  wiiich  I  have  to  lay  before  yon,  and  it  is  for  • 
you  to  see  how  ibej  bear  upon  the  question  which 
we  shall  have  to  consider.  There  is  one  important 
fact  which  comes  out  from  all  this ;  namely,  the  thin- 
ness of  the  new  red  ii^iarl  and  the  magnesian  con- 
glomerate. The  magnesian  conglomerate  is  only  from 
two  to  three  feet  thick,  and  the  new  red  marl  is  not 
above  50  to  70  feet,  in  that  district;  the  lias  is  from 
20  to  40  feet,  showing,  therefore,  that  those  members 
of  the  secondary  rocks  are  very  thin.  The  new  red 
sandstone,  in  fact,  thins  out  altogether,  as  it  does 
towards  Mells. 

{Professor  Bemuag.)  It  is  a  formation  lying  nearly 
flat  upon  an  irregular  hilly  surface  of  older  roeks, 
which  gradually  sunk  as  the  Kew  Bed  Marl  was 
deposited. 

23-24.  {Chairman.)  I  do  not  mean  to  insinuate 
that  there  is  a  thinning  out  eastward  of  your  coal 
basin ;  it  is  perfect,  X  dare  say,  in  all  its  parts ;  but 
what  I  say  is,  that  the  great  question  of  the  covering 
of  the  saperincumbent  lias  wia  little  to  do  with  th.n 
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eaetern.  eiteiiMOii  beyond  the  region  of  the  mountiun 

limestone.  ,      .   j-^  r 

25.  (professor  Ramsay.)  I  must  beg  to  differ  trom 
Ton    The'SomerBetshire  coalfield  i8,  so  to  speak,  an 
OTtlVer  of  the  Great  South  Wales  coalfield,  just  as 
the  faean  Forest  coalfield  ia  another  ouUyer,  and  each 
of  them  lies  ia  a  basin;  therefore  there  are  two  coal 
b^ins  eastward  of  the  Great  South  Wales  coalneld, 
one  of  which,   Dean  Forest,  never  was  covered  up 
by  secondary  rocks,  and  the  other,  that  of  Bristol  and 
Somei-st'tshire,  is  partly  covered  by  secondary  rocks 
and  it  was  at  one  time  entirely  concealed  by  them.  It 
is  because  of  the  removal  by  denudation  of  portions 
of  these  secondary  rocks  that  this  basm  is  revenled  to 
ns  at  idl ;  and  I  will  ask  you  whether  you  thmk  that 
it  is  possible  or  probable  that  undernoath  the  secondary 
rocks  beyond  the  eastward  edge  of  this  cavbomfeious 
basin  there  may  be  other  baaina,  thrown  m,  in  uonse- 
quenoe  of  a  concealed  anticlinal  curve  of  the  cai-boni- 
ferous  strata?— (^'■-  Prestwich.)  Professor  Ramsay 
has  exactly  hit  upon  the  point  of  the  ai-gument  wluch 
I  think  has  an  important  beaiiug  upon  the  probable, 
extension  of  the  coalfield  lu  the  south  of  England- 
There  is,  as  you  have  observed,  an  independent  coal 
baain  in  Wales,  which  is  uncovered.   We  have  here  a 
second  coal  basin  which  is  pai-tially  uncovei*ed. 
Therefore- 1  think  that  it  does  not  follow  that  because 
we  come  in  the  neighbourhood  of  Bath  to  the  edge  of 
the  Bristol  coalfield  it  excludes  the  probability  of 
finding  furthei-  eastward  other  coalfields  covered 
entirely  by  the  secondary,  rocks. 

26.  (Chairman.)  These  would  be  separate  and  de- 
tached basins.  ? — Yes. 

27.  With  reference  to  testing  by  boring  the  exi^ 
teuce  of  one  of  these  supposed  basins,  how  far  would 
yob  go  from  the  eastern  boundaiy,  which  you  know 
to  be  the  boundary  of  your  present  Somersetshire 
field,  to  test  this  hypothetical  view  ?— Upon  that 
question  I  would  rather  hear  all  the  evidence  which 
is"  to  be  brought  forward. 

28.  As  you  go  to  the  west  all  the  older  rocks  com© 
ont  ?— There  is  one  section  which  I  have  not  given  to 
yon,  which  is  intermediate  between  Mells  and  Twer^ 
ton  ;  namely,  at  a  place  called  Foxcote.  There  the 
coal  measures  do  not  dip  w  rapidly  as  they  do  at 
Twerton  or  at  Mells  ;  the  dip  of  the  coal  measures 
there  is  only  six  inches  per  yard  north  of  west. 

29.  (Mr.  Geddes.y-Thej  are  still  coming  to  the 
centre  ?— Tes,  but  not  so  much.  We  have  no  evidence 
td  show  but  that  between  Twerton  and  Frome  it  ia 
possible  that  there  may  be  a  roll  over  of  the  coal 
measures  passing  underneath  the  secondary  rocks  to 
the  eastward.  There  was  a  report  that  the  moantain 
limestooe  had  been  rtached  in  a  boring  near  Bath,  at 
Bath  EaetOn,  but  that  proves  to  be  incorrect. 

30-31.  (Chairman.)  You  have  abeady  stated  that  the 
coal  measares  to  the  west  of  Bath  belong  to  the  lower 
fidd,  and  therefore,  in  the  order  in  which  the  rocks 
succeed  the  mountain  limestone  would  occur  to  the 
east  of  Bath  ?— It  ia  quite  within  the  range  of  possi- 
bility or  probability  that  it  might  be  found  there,  bnt 
it  has  not  been  proved. 

(Profissor  Banuay.)  When  I  was  staying  in 
Batb  I  was  informed  that  there  was  a  man  who  said 
that  he  had  eaten  part  of  a  leg  of  mutton  which  had 
been  roasted  by  the  coal  which  had  been  brought  out 
of  the  pit  which  Mr.  Prestwich  is  now  speaking  of. 
You  meet  with  stories  of  that  sort  wherever  abortive 
attempts  have  been  made  to  find  coal. 

32.  (Mr,  Geddes.)  As  far  as  your  evidence  goes  a,t 
present  you  would  point  to  the  indication  of  boring 
farther  cast  beyond  that  field,  if  there  were  to  'be 
boring  in  yoiir  district  ?— Yes ;  if  it  were  considered 
desirable  to  have  any  borings. 

33.  (Chairman.)  Judging  from  the  facts  at  Bath 
the  beds  of  lower  coal  are  dipping  west,  ahd  with  a 
patch  of  mountain  mountain  limestone ;  the  probability 
is  that  this  rock  is  continuous  under-  neath  ? — ^ADow 
me  to  say  that  that  patch  of  mountain  limestone,  I 
consideTj  is  put  in  In  error. 


34.  Still  there  is  evidence  of  a  folding  roirai  ?- 
Yes,  to  within  certain  limits. 

35.  (Mr.  Geddes.)  There  is  another  basin  very 
near  it  ? — I  believe  that  experiments  are  now  bting 
made  with  a  view  to  see  whether  it  is  pwfibie  a 
reach  coal  to  the  south  of  the  Mendip  Hills,  bm 
those  facts  I  have  not  before  me.  I  belicTe  ilm 
Mr.  Moore,  of  Ba'tb,  has  collected  evidence  upon  tbi 
point. 

36.  (Professor  Ramsay.)  Is  that  on  the  eaf.tiiJi;r 
— It  is  near  Wells.  I  may  observe  that  with  regard  i.j 
the  possibility  of  cCial  beds  going  round  the  Mendip 
Hills,  that  in  the  Nailsea  coi&old,  the  coal,  vaiuv 
it  has  been  worked  southward,  has  not  been  ^ut  off; 
they  have  followed  it  to  a  certain  extent  nndtr- 
neath  the  newer  formations,  but  they  have  come  i  ■ 
no  fault. 

37.  (Chairman.)  How  far  does  it  go  iowar\.- 
Weston-super-Mare  ?  — FAheHdgc.)  It  is  &i 
kudwn  beyond  Kenmore. 

38.,  There  the  mountain  limt^tone  risesagMP.?— 

39.  Therefore  it  is  another  basin  ? — ^Yes,  in  ik 
dii-eotioti. 

40.  (Mr.  Dickinson  to   Mr.  Prestwich.)  Hau 
you  noticed  the  strong  resemblance  which  Ihere 
between  the  chai'acter  of  the  coal  of  South  ^VaK*  anJ 
tliat  of  the  Somersetshire  coalfield  ? — have  not. 

41.  You  have  not  noticed  the  crystalline  BfractQ^: 
— ^I  have  not. 

42.  You  do  not  know  that  the  Somersetshire  awl 
the  South  Wales.coids  coixespond  in  that  lespectr- 
I  was  not  aware  of  it. 

43.  Have  you  noticed  upon  the  geological  mf^^. 
that  taking  the  South  Wales,  the  Forest  of  Deau,  id-I 
the  Somersetshire  coallields,  and  then  stepping  scm 
to  Valenciennes  and  the  Belgium  coalfidd,  theri'  is 
along  the  whole  Hue  a  sequence  of  coalfields  almwi 
in  the  same  latitude  ? — have  uot.  But  I  voaH 
observe  that  even  in  Somersetshire  the  coalfielJ  i.- 
broken  up  into  a  number  of  independent  basins;  tiw 
Nailsea  basin  is  an  independent  coalfield. 

44.  Which  is  not  connected  with  the  Somen«t4irt 
coalfield  ? — It  is  not ;  there  is  a  ridge  of  limHtw 
between  that  and  the  Bristol  coalfield. 

45.  Have  you  noticed  on  the  geological  maps  tU: 
there  is  such  a  continuation  of  the  coalfields  extem^^ 
right  across  Europe  ? —  My  attention  has  not 
directed  to  that  point. 

46.  If  such  were  the  fact  it  would  strengtben  lb 
view  which  you  have  given  as  to  the  probabiliijii 
coal  being  covered  up  by  these  overlying  i-ocks  io  a 
easterly  direction  as  ref^rds  this  SomenctithlN  ci»- 
field  ?— It  would. 

47.  There  is  just  one  point  bearing  ratlier  a^iio^ 
that  view  ;  namely,  do  you  know  of  any  coalfi^i: 
which  does  uot  at  one  poiut  or  another  show  ikeli 
the  surface  ?  Has  such  a  coalfield  been  proved  tay 
where  within  your  knowledge  without  some  o\A<^\ 
of  coal  measures  7 — ^I  am  not  aware  of  an;.  'Hk 
coalfield  at  Kadstock  is  about  the  nearest  aj^irw- 
to  it. 

48.  As  a  gcol<^ist,  do  ^ou  see  any  reason  agnii-' 
there  being  a  coalfield  entirely  covered  up?— Notii* 
slightest. 

49.  (Chairman.)  With  reference  to  the  obsemi:'- 
of  Mr.  Dickinson,  as  to  taking  the  mapof  Earopf.i^ 
the  evidence  which  is  afforded  upon  one  aide,  ?^ 
are  to  suppose  these  things  to  be  continuous,  I 
ask  you  to  extend  your  view  a  little  further  lo  w 
west,  and  to  see  what  has  become  of  all  (be 
boniferous  series  in  West  Somersetshire  and  Df^* 
shire.    It  is  an  unproductive  field,  y  If  you  can;  i' 
over   to   Ireland  it  is  still  worse,  and  is  gone- 
think  tiiat  there  is  nothing  so  much  against 
gpod  cwl  in  the  soutJIieru  parts  of  Engluid  tf^ 
&ct  that  the  prolongation  in  that  latitude  ab»)laK>y 
leads  you  into  a  barren  coal  which  is  worthiest 

(Mr.  Prestwich.)  Iwill  observe  that  these  Som"' 
setshire  coalfields  possess  theii-  ftill  devdofMiif ni 
are  productive. 

60.  You:  are  in  a  basin  ? — ^Yea.     •  " 


The  witdees  mthdrew. 
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52.  (JIfr.  Etheridge,)  This  map  shows  the  real 
extent  of  the  cotdfield  north  and  south  and  west,  thQ 
point  irhioh  Mr,  Frestwich  has  been  contending  for 
beiug  from  Bath  to  Frome  on  the  eastern  sia%  it 
was  prepared  many  years  since.   At  ue  request  of 
Mr.  Frestwich  on  behalf  of  the  Commission^  I  Trp8 
very  willing  to  allow  Mr,  Anstie  to  have  fall  use  of 
my  map,  and  of  everything  which  I  possessed,  heliering 
it  to  be  of  national  importunce,  .and  he  has  been 
enabled  to  extend  the  Badstock.  scries , of  poals  further 
north.   Mr.  Anstie  has  very  much  improved  thia  map, 
having  a4ded  laigely  to  the  information  known.  This 
one  is  on  a  on&*inch  scale,  the  other  is  on  a  scale  of 
four  inches,  to  the  mile.    The  object  of  this  map  is  to 
arrive  at  the  proper  oxtensioa  of  the  coal  meat^ures 
underlying  the  superincumbent  strata  of  the  Briatol 
basin,  stripping  off  everything  down  to  700  or  800 
fee^  so  as  to  get  the  area  -  known  and  exposed. 
The  Badstock       belongs  to  the  upper  series  of  the 
coal  measures,  being  undwlaid  by  Uie  Farringdon  Gu-- 
aey  seams,  forming  one  wrarkable  group ;  ^e  second, 
coloured  green,  l»ing  the  Bedminster  aod  Stratton 
seamx,  the  barren  ground  between  being-  the  great 
Pennant  zone,  and  this  {pointing  out  the  same)  is  the 
fourth  or  Ashton  series,  coloured  red.    These  are  the 
four  series  of  coals  worked  in  the  south  Bristol  basin. 
By  this  means  we  are  able  to  get  at  the  numerical 
area,  the  quantity  worked,  and  the  probable  qu^tity 
left  in  the  basin.   Broadfield  Down  t^ows  an  exposed 
patch  of  mountain  limestone  upon  which  there  can  be 
no  coal,  and  west  of,  this  is  shown  the  probable  exteo- 
sion  at  Nailseat  aod  westward  beneath  the  marshes, 
wl^ich  does  not  appear  to  be  of  any  practical  value, 
the  ineceof  ^und  from  Mells  (pointinsr  out  the  eame) 
to  Bath  is  purely  hypothetical,  excepting  that  -tbe 
bori«g  at  Comb^Hay'  and  ChUcomptott  sliows  lAat 
the  Pennant  does  dip  to  the  west,  and  that  from 
Twert<H)  they  dip  to  the  south-west^  and  in  other 
parts  they  aU  dip  without  any  doubt  to  the  centre 
of  the  has'm.    AU  this  {poinUng  to  the  north  part  of 
the  baiin)  is  new  ground.    By  stripping  off  the 
couaUy  in  this  direotioo,  I  extend  my  line  to  the 
point  which  Mr.  Frestwich  mentioned.    We,  without 
any  doubtt  get  about  IS  or  16  squai-e  miles  of  new 
coal  counUy.    Then  near  the  .city  of  Bristol  we  know 
that  the  Ashton  seams  are  worked  considerably,  and 
tbey  are  worked  aa  far  as  this  point  {pointing  out 
the  $ame\  and  no  further.   The  section  I  produce 
was  made  to  give  some  idea  of  the  whole  series  by 
constructing  it  on  the  some  scale  as  the  map,  so  a« 
to  show  the  pn^r  place  of  the  seams.   No  one 
understands  this  question  better  than  Mr.  Anstie,  and 
he  has  also  shown  that  none  of -the  second  series  at 
Badstock  has  been  worked  at  aU.    Thus  then  the 
Farringdon  series,  beneadi  Lady  Waldegrave's  pro- 
perty, remain  quite  uutoucbed,  the  first  ■  or  npper 
series  only  having  been  worked.    The  coals  of  the 
south  basLD  rise  again  noi'tb  of  Bristol  in  the  Kings- 
wood  area,  being  divided  by  an  anticlinid.  Between 
Farrii^don  and  Bristol  there  is  a  barren  .piece  of 
ground  of  which  we  formerly,  knew  nothing.  Mr. 
Anstie  has  canMfuU^  worked  this  out.    The  foided 
and  disttnted  series  between  the  edge  of  the  Radstook 
basin  and  this  {wrt  (pointing  tnit  the  Meiulipe) 
is  Tery  distwfeDd  and  dictnrbed.   We  kaow  uist 
the  beds  hen  dip  vest  (painting     «he  Wis 
know  that  &Q  Pennant  al^o  dips  wBBt.   Sediosu  ttf  the 
north  basin,  show  that  none     the  upper  seriea  of  cod 
measures  occur  there ;  in  other  words,  in  the  north 
basin  they  may.  poasees  the  Fuxington  Qumey,  but 
do  not  possess  the  uppec  w  Badstock  coals. 

•  63;  {Mr.  Geddes.)  Are  yon  aware  of  the  larg^ 
fault  which  has  been  found-  there  ? — The  tergest  fault 
is  about  800  feet  upthro.  '  There  'are  many  north 
and  south  faults,  but  we  know  of  no^  east  fmd  west 
fiwItB  of  any  importance. 


3H2 


Mr.Kaiert 

a4.  (Chaixman.)  I  ^Ink  that  Ur.  Anstio  told  .me   

th^t  ^e  Rodsfock  seaius  or  upper  part  <^  La^  Walide-     March  IMS. 

grave's  coalfield  is  to  a  grest  extent  worked  out,  out 

still  the  lower  or  fwringdon  Gnmey  8«ies  in 

this  coalfield  is  not  touched,  in  the  centre,  fmly 

along  its  outorop.    To  what  probable  depth  do  you 

suppose  that  they  would  have  to .  go  to  get  through 

the  Pennant  to  the  lower  coalfield? — 3,500  fept. 

The  Fennant  hei'e  is  1,800  to  ^,000  feet'thick,  and 

necessarily  the  pits  are  worked  along  the  ci-op  of 

the  lower  coal  measures.    This  Fennant  is  1,800  feet 

thick  almost  everywhere  ;  this  is  well  underatood  in 

the  Coalpit-Heath  Basin.    There. is  no  doubt  that  the 

most  valuable  coal  ia  the  Bristol  coid  basin  lytjth 

uoi-th  and  south  belongs  to  the  series  below  the 

Fenuuit,  and  to  go  through  the  Pennant  to  workable 

coals  you  would  have  at  least  3,000  feet  to  go.      i : .  • 

55.  (Mr.  Preetwieh.)  Can  you  tell  us  in  -which 
<Urecti<m  the  limestone  dips  at  its  Zast  appearance  at 
Frome  ? — It  dips  west ;  but  the  country  U  moi^ 
fractured ;  but  ail  the  dips  in  -  the  mountain  lime- 
stone here  are  west;  they  are  merely  exposed  at 
certain  places  in  the  Frome  valley  and  also  4t  Cod- 
rington  and  Yate,  and  in  every  put  of  the  basin,  from 
Bath  northward ;  and  here  (pointing  to  the  map) 
they  dip  west.  The  only  part  where  that  is  not  the 
the  case  is  here  (pointing  out  the  satm).  With  th« 
exception  of  thia  portion  of  the  line  (prntx^iiii^  to  the. 
map),  this  is  an  abst^nte  or  well  -  detetmined  ooal 
baain. 

56.  What  is  the  Aeares^  point  north  frcon  Frome 
where  you  you  have  seen  the- limestwe  at.kha  suih 
face  ? — ^At  Codrington ;  Yate  and  at  MeUa  you  of 
oonrse  aee  it, 

.  57.-  Ton  say  that  the.dip  of  the  limestexM  at  FrOBle> 
is  we8t?~Yes. 

58.  Do  you  meui  westward,  or  cBreotly  West  ? — 
I  mean  west  by  north. 

59.  (Chairman.)  Conforming  to  the  basin 
Tes. 

60.  (Mr.  Prettmieh.)  At  Shepton  MalieS^  what  i« 
the  dip  ? — It  th^  undoubtedly  dips  ,  to  the  niatfli,.<Mid 
at  Chewtoa  Mendip  it  dips  north-east.  , 

61.  And  at  BLeadon  ^— At  Bleadon  it  dips:  to  tin-, 
north  ? — Do  you  see  any  reason  why,  going  cBstwwd, 
you  shtnild  not  have  a  turn  in  the.  mountain 
stone  as  you  thus  have  in  its  westward  range.?— -I 
do  not.  I  could  not  possibly  urge  any  rea8on,;why 
it  should  not  be  so.  I  only  know  thM  at  the  pomta 
north  of  it,  and  ait  &at  Tecy  point  where  Ae  ooal 
meaanres  w  the  Pennant  has  been  touohed,  it  dipe  west. 
Many  years  ago,  Mr.  Stutchbury  made  a  very  carefUl 
survey,  and  he  prored  it  to  be  eo. 

63.  Does,  not  the  circumstance  of  the  dip  at  Foxc<*e' 
being  much  less  than  in  the  neighbourhood  of  Frome 
and  at  Twerton  rather  lead  to  the  supposition  -that 
th^  may  be  a  narrow  eastward  trough  ? — Yes  ;  or  it 
may  be.  that  as  you  should  proceed  from  the  lower 
beds  to .  the  higher ;  they  may  dip  less.  The  flat- 
tening is  a  weU-known  fact ;  whether  it  is  a  Vuaf^ 
flattening  ha%  is  another  tilings  «id  remains  to  he 
proved.  .  H 

64.  Then  you  see  no  reason  against  the  limestone 
resuming  an  eaetwani  trend  beynod  Frafae  ?-r-Tbere 
is  no  proof  to  the  contrary.  -  ■  .  • 
.  6&  (CAatTMm.)  Did  yon  ever  see  aoy  etidoace 
WhatevOT  of  snch  a  ibid  going  to  (he  east  ?*..'N«TOr**: 

66.  (Jtfr.  ^^Owieh.)  'Are  you  prepared  to  sfaow 
UB  between  Frome,  Combe-Hay,  and  Twerton,  Uie 
lonror -portion  of  the  ooal  measarea.  dipping  at i  the 
same  aogks  westward  as  those  In  whi<^  they,  am  in 
that  district  (pointing  to  the  rnap)  ?— No,  -^ey  axa 
not  seen  on  account  of  the  overlying  now^  TOcksi  but 
at  the  p(rfnt  where  they  ai^  s^n,  they  dip  west.   •  • 

67.  But  in  this  int^mediate  district  the  dut  l^ 
less?— Tes.  ■ 

■,11     !  . 
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6fi.  {Chairman,)  At  the  spot  south  of  Bath, 
at  Comb-Hay,  what  was  the  dip? — The  dip  was 
undonbtedly  west, 

69.  (Professor  Ramsay.)  You  drew  this  line  on 
what  you  regarded  as  a  considerable  pr^nderance  of 
evidence  in  favour  of  ite  being  correct  ? — Yes  ;  md  I 
sbonld  draw  it  again  with  the  distinct  idea  and 
belief  that  the  mountain  lim^tone  ran  in  that 
direction. 

70.  You  know  the  carbonifbrons  limestone  near 
I}o3rnton  ? — ^Yes,  perfectly  well. 

71.  Are  you  awai-e  whether  there  is  any  millstone 
grit  on  the  east  side  of  it  ? — It  is  either  the  conglo- 
merates of  the  upper  old  red  sandstone,  or  the  con- 
glomerates of  the  niilUtone  grit.  You  have  it  on  the 
west ;  and  certtuoly  the  millstone  grit  occurs  on  the 
west  side  of  the  limestone. 

72.  (Chairman.}  There  is  a  great  fiuiU  here? — 
Yes. 

73.  Therefore  there  is  nothing  like  a  passage 
there  ? — No. 

74.  (Sfr.  Dichinson.)  Although  you  think  that  it  is 
not  probable  that  the  coalfield  extends  beyond  a  line 
drawn  almost  from  Frome  to  Bath,  it  is  possible  that 
there  is  an  extension -of  it? — It  is  not  impossible. 

75.  Even  supposing  that  it  does  not  so  extend,  is  it 
possibly  or  pr(£abl6,that  there  may  be  detached  coal- 
fields lying  to  the  eastward,  and  covered  up  by  the 
superincumbent  rocks  ?■— I  could  not  for  one  moment 
say  that  there  are  not,  and  it  is  not  at  all  improbable 
that  there  are  ;  but  I  think  that  the  Bristol  basin  per 
te  do^  not  extend  beyond  this  red  lino  to  the  east. 

76.  You  think  that  it  is  possible  that  there  may  be 
detached  coalfields  lying  to  the  east  of  this,  but 
covered  up  by  these  superincumbent  rocks?  —  I 
know  nothing  to  the  contrary. 

77.  Even  supp<^g  that  you  pat  down  any  number 
of  bore  h<d^  it  does  not  necessarily  follow  that  you 
mi^t  put  the  bore  hole  exactly  where  the  coal  wae  ? 

78.  And  yet  there  might  be  coalfields  ? — Yes. 

79.  {Mr.  I^ttwiek.)  It  would  be  a  very  difficult 
thing  to  prove  their  position  ? — Yes  ;  the  only  thing 
would  lie  to  take  a  mean  area  and  a  mean  distance  to 
the  east  of  the  pr^nt  well  determined  line. 

80.  (  Chairman.)  But  as  you  have  no  evidence  what- 
ever of  any  fold  over  towards  the  east  of  the  bottom 
rocks,  if  you  sank  a  bore  hole  here  {pointing  to  the 
mop\  and  found  rocks  older  than  the  coals,  that  I 
suppose  would  satisfy  you  ? — Yes,  quite. 

81.  {Mr.  Dickinson.)  Have  you  examined  the  pecu- 
liarity of  the  structure  of  the  South  Wales  coal  ? — 
Tea,  a  good  deal. 

82.  And  also  of  the  Somersetshire  field  ? — Yes. 

83.  Have  you  noticed  &e  striking  resemblance 
which  th^  bear  to  each  other  ?— -Yes. 

84.  Kot  only  as  r^furds  the  structure  of  the  coal, 
but  as  to  the  oi^;anic  remains,  there  issrmemblance  ?— 
Tes. 

85.  Would  you  carry  the  resembknee  across  the 
Channel  tp  France  and  Belgium  ? — ^I  do  not  think 
that  there  is  sufficient  evidence  to  correlate  them. 

86.  {Mr.  fVestwich.)  Do  you  know  what  the  pro- 
portionate thickness  of  the  South  Wales  coalfield  is 
to  the  Somersetshire  coalfield  ?  —  If  I  recollect 
rightiy,  the  Welsh  coalfield  is  about  40  per  cent, 
thicker. 

87.  The  Welsh  coalfield  is  then  much  tliicker  than 
the  Bristol  coalfield  ?— Yes. 

88.  {Proftswr  Mamsay.)  Do  you  mean  the  whole 
coal  measures  ? — I  mean  tiio  coal  bearing  strata.  This 
(pointing  to  the  map)  I  know  to  be  between  5,000 
and  6,000  feet  thick.  It  is  quite  certain  that  fhm 
the  Bummit  of  the  Badstock  series  you  may  go  Aawn. 
between  5,000  and  6^000  feet  before  comuig  to  the 
monotain  limestone. 

8d.  May  not  this  coalfield  at  one  time  have  been 
M  tiiick  aa  the  South  Wales  coat  basin  ? — Certainly 
not. 

90.  Have  you  any  proof  that  there  are  coal  nieasures 
in  the  South  WiUes  coalfield  which  form  a  higher 


part  of  the  carboniferous  formation  than  in  the  other 
case  P — ^No.  The  lower  measures  of  the  South  Wales 
coalfield  are  as  rich  in  clay  iron  ston^  or  argillaeeooa 
ores,  as  anywhere  in  Great  Britain. 

91.  {Mr.  Prestttich.)  Are  you  sufficiently  acquaint&i 
with  South  Wales  coalfield  to  say  whetbo-  the 
thickening  of  the  coal  measure  continues  as  you  prth 
ceed  westward  toward  St .  David's  ? — can  hardly  set  ; 
tfaOT  are'a  different  class  of  rocks. 

92.  As  to  the  elevation  of  the  Mendip  Hills,  it 
what  period  do  you  place  tiiat  ? — Prior  to  the  depi>- 
sition  of  tiie  lower  new  red  sandstone. 

93.  Therefore  the  disturbance  which  aflected  the 
mountain  limestone,  and  nused  it  in  the  Mendipti, 
equally  affected  the  coal  ? — ^I  think  so. 

94.  Therefore,  la  the  same  way  as  the  coal  meaBom 
of  Somerset  and  South  Wales  are  broken  up  into 
separate  basins,  it  may  be  that,  through  faultbg  or 
undulation,  we  have  an  interrupted  extension  of  tbe 
same  coal  measures  eastward  ? — Possibly. 

95.  {Mr.  Dickinson.)  In  addition  to  the  plants,  and 
also  in  addition  to  the  stmcture  of  the  coal,  do  you 
find  that  in  the  Somersetshire  coalfield  yon  have  the 
overlapping  which  is  so  veiy  remarkaUe  in  the  Brf- 
gian  iield  ? — ^There  is  a  simihu:  doubling^  up,  and  dis- 
turbed condition  of  the  coat 

96.  And  the  overlapping  ? — They  are  inverted  ; 
but  they  do  not  overlap,  in  the  geolc^cal  sense  of  the 
word. 

97.  You  have  tlie  same  doubling  up  which  prevails 
to  a  great  extent  in  the  Bel^an  ccmlfield  ? — ^Yea ;  you 
would  scarcely  know  the  difference  between  the  two. 

98.  {Chairman.)  To  go  back  to  the  Valenciennes 
co^field,  you  have  no  trace  of  the  measures  donbltDg 
over  and  going  south  ? — ^Not  at  all. 

99.  {Mr.  Prestwieh.)  You  say  that  the  disturbance 
which  raised  the  cwboniferoua  limestone  in  the  Mendip 
Hills  was  prior  to  the  formation  of  the  new  red  ssod- 
stone  ? — Yes. 

100.  Are  yon  aoqnunted  with  any  distorbioeee 
affecting  the  Bristol  and  Somersetabire  cp^fidd 
subsequent  to  the  oolite  and  the  lias  ?  —  There  is 
nothing  to  tell  you  that  there  has  been  any  great  dis* 
turbance. 

101.  Have  you  seen  the  fault  which  passes  tfarongh 
the  railway  cutting  north  of  Keynsham  ? — I  have  not. 

102.  It  affects  the  Has  which  is  brought  into  coolscl 
with  the  Pennant,  shomng  that  there  has  been  a  sub- 
sequent disturbance  ? — It  would  be  so. 

103.  I  see  that  there  is  a  great  east  and  west  fault 
laid  down  upon  the  Geological  Survey  map  ? — Yes ;  it 
is  east  of  Bristol  and  north  of  Bath ;  it  is  a  fault 
that  took  place  subsequent  to  the  structure  of  the  coal- 
field. 

104.  If  you  say  that  the  Mendips  were  ruaed  and 
tilted  prior  to  the  deposit  the  secondary  rodts  w' 
alter  the  coal  measures,  would  not  that  Ind  to  the 
inftrence  that  the  continni^  of  the  coal  measures  W 
been  broken  by  the  rise  of  the  Mmdips,  and  that 
tha«  may  be  a  field  to  tiie  south  ? — It  is  not  at  all 
improbable.  There  is  no  reason  at  all  why  thoe 
should  not  be  a  coalfield  to  the  souUi.  The  thickoeu 

of  the  new  red  sandstone  and  of  the  lias  beds  there  i 
(pointing  to  the  map)  is,  however,  very  considerable. 

105.  Do  the  overlying  rocks  attain  a  much  larger  de- 
Velopmrat  to  the  south  ;  1.0.,  are  they  not  much  thicker  i 
to  the  south  ? — Yes ;  I  should  think  that  the  overljiog 
rocks  to  the  south  of  the  basin  are  from  three  to  four 
times  the  amount  of  those  within  the  basin.  The 
new  red  sandstone  series  in  the  Somerset^ire  coonti^  , 
south  of  the  Mendips  is  1,000  feet  thick,  and  the  I 
oolites  are  thick  also  ;  and  the  lias  is  200  or  300  feet. 

I  mean  the  Bridgwater  area. 

106.  (Chairman.)  In  that  part  of  the  coantiy 
yon  not  evidences  of  the  new  red  sandstone  resting  ^ 
the  mountain  limestone  ? — ^No ;  we  have  evidenoes  01 
it  resting  on  the  Devonian. 

107.  That  is  worse  for  the  case  of  coal  ?— Yes. 

108.  {Mr.  Prestwieh.)  Still,  would  there  not  be 
space  for  a  coalfield  to  exist  ?— Yes,  provided  the  dif* 
yfere  ri^id  or  at  high  angles. 
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109.  What  is  the  dip  of  the  limestone  on  the  slopCB 
of  the  MendipH  ? — Thirty  to  fifty  degrees  ;  and  all 
along  the  southera  side  the  angle  of  inclination  is 
steep. 

110.  I  would  refer  you  to  the  rocks  in  the  neigh- 
boui'hood  of  Shepton  Mallet  and  Fronie  ? — They  dip 
at  30  or  40  degrees,  and  they  are  covered  up  every- 
where by  neirer  formations. 

111.  Can  you  give  me  the  thickness  there? — The 
dolomitic  conglomerate  I  know  to  be  25  or  30  feet 
thick.  The  new  red  saudstonel  am  not  certain  about, 
Hnd  the  higher  rocks  are  necessarily  thin. 

112.  Are  joa  aware  of  any  trialtF  for  coal  having 
been  made  in  the  neighbourhood  of  Frontc,  Shepton 
Mallet,  or  Wells  ? — Kot  at  all.  There  is  a  trial  going 
on  here  {pointing  to  the  map).  I  know  that  they 
are  said  to  have  found  coot.  The  spot  to  which  I 
refer  is  between  Glastonbury  and  Bridgwater  ;  they 
hare  gone  through  a  considemblo  thickness  of  Has,  and 
the  new  red  sandstone  is  also  very  thick  there. 

113.  (Chairmau.)  Would  you,  or  would  you  not,  be 
inclined  to  think,  that  if  coal  measures  were  found  in 
that  district  to  the  south  of  Bridgwater  they  would 
be  of  the  same  thickness  and  kind  as  around  Exeter? 
— I  think  it  not  improbable, 

114.  They,  Iherefwe,  would  beworthless  ? — I  think 
that  south  of  the  Mendips  should  be  one  of  the  last 
places  where  money  should  be  spent  on  that  account, 
because  it  is  quite  certain  that  yon  have  the  shales 
and  slates  of  the  Devonian  series  at  no  great  distance. 

115.  {Mr.  Pretttoick.)  South  of  the  Mendips, 
should  you  expect  to  meet  with  measures  more  closely 
allied  to  the  Bristol  series  or  to  the  Devonian?-— 
On  the  southern  siQe  of  the  Mendips  I  should  rather 
expect  to  meet  with  coal  measures,  if  any,  which 
would  agree  with  the  lower  series  of  the  Bristol  coal- 
field. 

116.  Then,  in  a  search  on  the  south  of  the  Mendips, 
should  you  not  be  disposed  to  consider  that  the  search 
ought  to  be  made  closer  to  the  foot  of  the  Mendips  ?— 
Certainly. 

Wl .  {Chairman.)  AX  the  same  time,  as  I  under- 
stand you,  in  a  farther  extension,  i^,  to  the  south,  all 
the  vay,  from  Bridgwater  through  the  vtde  of 
Tannton,  yon  would  expect  to  find  that  it  was  tlie 
same  aa  tihe  Exeter  series  ? — have  no  doubt  of  it. 

118.  That  is  cBEboniferous,  in  a  geological  sense, 
bat  worthless  as  regards  the -.production  of  coal  ? — 
Yes. 

119.  {Professor  Ramsay.)  If  coal  meosures  come  in 
between  Wells  and  Glastonbury,  you  would  expect 
that  they  would  be  of  the  same  measures  and  contain 
generally  the  same  beds  of  coal  as  those  which  occur 
on  the  north  side  of  the  Mendips  ? — Most  certainly. 

120.  {Chairman.)  The  area  of  the  coal  measures  to 
the  south  of  the  Mendips  being  limited  to  that  toict 
where  the  lower  carbonifei-ous  series,  totdly  unpro- 
ductive, comes  to  the  day  ? — Yes, 

121.  {Mr.  Prestwich.)  Then  you  consider  that, 
although  productive  coal  measures  may  exist  south  of 
the  Mendips,  they  would  not  exist  far  in  a  south- 
westerly direction  ? — They  would  not. 

122.  But,  proceeding  in  a  south-easterly  direction, 
you  see  no  improbability  of  tho  coal  measui'es  main- 
taining the  character  which  they  possess  in  the 
Somersetshire  coalfield  ? — I  should  rather  maintain 
the  view  that  they  were  bett^  to  the  cast  than  to  the 
west  in  that  special  area. 

123.  {Professor  Bamsay.)  Do  you  think  that  the 
chances  ore  equal  whether  ibero  is  coal  or  whether 
there  is  not  coal  in  the  great  marshes  immediately 
south  of  the  Mendips  ?  If  the  land  were  yours,  would 
you  be  inclined  to  sink  on  the  expectation  that 
probably  there  is  coal  ?— No ;  that  is  to  say  I 
^-ould  not  go  to  the  expense.  GeoIi^ioaUy,  I  think 
that  coal  may  exist  there. 

124.  Bat  it  may  not  ? — ^It  may  not 

125.  {Mr.  Prettwich,)  Ton  think  that  if  coal  exisU 
to  the  south  of  the  Mendips  it  is  at  a  very  great 
depth?— Yes. 
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126.  Have  you  any  knowledge  on  which  to  foi'm  an 
estimate  of  the  possible  depth  of  the  coal  ? — No,  unless 
you  take  the  mean  of  the  dips,  because  I  think  the 
efiect  of  the  Devonian  rocks  occurring  here  is  a  fatal 
thing.  The  secondary  strata  are  very  thick  ;  they  are 
at  least  fram  1,000  to  1,200  feet  deep.  The  new  i-ed 
sandstone  we  know  there  to  be  8(J0  or  1,000  f&sft 
thick  ;  that  is  all  oi'er'the  fen  marshes. 

127.  {Chairman.)  With  regard  to  a  large  portion  of 
that  low  country,  if  you  had  property  between  tho 
mountain  limratone  at  Weston-supei'-Mure  and  the 
Devonian  limestone  at  Cannington,  would  you  sink 
there  in  the  cxpectatim  of  findinj;  a  good  coalfield  ?— 
!Nb ;  I  should  expect  to  find  coal  measures  at  its 
northern  side,  but  it  would  not  be  ut  all  remunerative. 

128.  {Mr.  Prestwich.)  Would  you  think  it  bctter 
worth  while  to  sink  for  coal,  supposing  that  you  were 
in  a  district  more  eastward? — Most  certoinly  ;  it 
would  be  considerably  eastwai'd,  neverlhelesa. 

129.  Should  you  think  that  a  trial  might  be  made 
there  with  a  fair  chance  of  success?  — I  certainly 
prefer  that  it  should  bo  considerably  castn-ard,  and 
continuous  with  or  parallel  to  the  line  of  strike  of  tlie 
Badstock  series. 

130.  Do  you  know  whether  the  overlying  rocks 
thin  in  their  range  eastward? — They  certainly  thin. 

131.  Therefore  the  great  thickness  which  the  new 
red  sandstone  and  the  lias  exhibits  in  tho  neigb- 
bonrhood  of  Somerton  thins  eastwtol  ? — ^Yes. 

132.  Do  you  consider  that  the  Devonshire  coalfield 
was  formed  under  the  same  conditions  and  originally 
formed  part  of  the  same  great  coalfield  as  the  South 
Wales  coalfield  P — I  am  inclined  to  think  that  it  is  part 
and  parcel  of  the  South  Wales  coalfield,  the  lowest 
portion  of  it,  but  deposited  under  very  difi^ereot  con- 
ditions. 

133.  {Profcsior  Sarasay.)  When  you  say  the  lowest 
portion  of  it,  do  you  mean  the  millstone  grit  ? — Yen; 
I  think  that  the  impuro  coals  of  the  millstone  grit 
series  are  the  equivalents  of  those  beds  which  lie 
south  of  Barnstaple. 

134.  (Mr.  Prestmeh.)  Do  the  some  beds  in  South 
Wales  exhibit  the  same  poverty? — ^No.  In  North 
Devon  they  ape  so  slaty  that  yon  can  scarcely  say  that 
they  i^ree  at  all ;  both  the  North  Devon  and  North 
Cornwall  coal  meuBures  are  tho  most  unprodactive 
known. 

135.  They  are  more  unworkable  than  the  equivalent 
measures  in  South  Wales  ? — Yes.  I  consider  that 
no  estimate  at  all  sliould  be  made  or  token  as  to 
the  value  or  extent  of  the  coal  of  that  area. 

136.  {Mr.  Dickinson.)  Do  not  the  coal  measures  at 
Bideford  near  Barnstaple  appear  to  be  of  an  older 
class  than  the  millstone  grit  ? — ^Not  at  all.  Imme- 
diately upon  the  pseado-limestaiw  are  the  grits,  which 
contain  coal ;  they  are  distinctly  marked  everywhere. 

137.  Still  the  cleavage  of  the  rocks  in  which  ihej 
He  is  a  veiy  difilerent  thing  altogether? — Yes;  but 
still  their  position  is  seen  and  perfectly  understood. 

188.  Are  they  not  more  like  metamorphic  rocks  in 
which  the  coals  lie  ? — No ;  they  are  not  metamorphic 
to  any  extent  I  have  carefolly  examined  al!  of 
them  in  the  Barnstaple  area. 

1 39.  The  rocks  south  of  Baiiistaple  appear  to  be 
very  much  older  ? — They  must  bo  younger  than  the 
mountain  limestone. 

140.  You  place  those  rocks  as  lying  above  th.9 
Mountain  limestone  ? — Yes ;  and  they  precisely  occapy 
the  place  of  the  millstone  grit.  Few  persons  would 
recognise  them  as  being  coal  measures  at  ^1.  You 
have  scarcely  any  argillaceous  matter  in  these  coal 
measures  at  Barnstaple  and  Bude ;  they  are  really 
arenaceous. 

J4l.  {Mr.  Prestmieh.)  The  Devon  coal  measures 
do  not  represent  the  whole  of  the  South  Wales  coal* 
field  ?— They  do  not. 

142.  {Mr.  Dichinson.)  The  stracture  of  the  seams 
at  Bid^ord  very  mnch  resembles  the  stracture  of 
tho  Webh  coal  ?— Yes,  of  the  Welsh  anthracitic  coal  s 
it  is  very  hard ;  it  is  a  genuine  culm  coal, 
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make  borings,  and  even  if  they  did  not  find  coal  it 
would  prove  many  interesting  scientific  points. 

193.  Up  to  the  present  time  have  not  the  explora- 
tions of  private  individuals  been  sufficient  to  develope 
all  the  coal  required,  without  having  resort  to  Govmi- 
ment'  aid  for  putting  down  bore  holes  ? — I  do  not 
know  how  much  Government  aid  is  required,  and 
therefore  I  cannot  answer  that  question  satis&c- 
torily. 

194.  There  is  no  immediate  want  ? — Coal  is  very 
dear. 

195.  There  is  plenty  of  coal  to  work  at? — ^Tes. 

196.  la  it  not  better  to  leave  to  private  enterpriz^ 
what  has  hitherto  succeeded  so  well,  than  to  resort  to 
Government  help  for  what  appears  unnecessary, 
namely,  to  bore  for  coal.  There  ate  very  important 
private  interests  wrapped  up  in  the  matter,  and  would 
it  not  be  better  to  leave  the  private  interests  to  de- 
velope the  coalfield  than  to  resort  to  Government  aid? 
—My  opinion  is  that  anyllimg  which  would  promote 
the  general  prosperity  of^  the  countiy^  by  discovering 
previously  undiscovered  coalfields,  and  which  would 
stimulate  industry  here  and  there,  and  which  would 
lower  the  price  of  coals,  and  conduce  to  people's  com- 
fort, would  be  a  great  boon  to  the  country ;  and 
persona  who  are  appointed  to  form  a  Commission  by 
the  Crown  to  inquire  as  lo  the  quantity  of  coal, 
and  its  existence  in  districts  where  it  was'  previously 
not  expected,  have  nothing  lo  do  with  t^ing  into 
account  questions  of  private  interest  or  of  private 
economics,  but  they  are  required,  to  the  best  of  their 


ability,  to  follow  out  the  investigations  whick  hare 
been  intrusted  to  them  by  Government. 

197.  We  have  heard  that  in  the  neighbourhood  of 
Bidefbrd,  where  coal  has  been  worked  to  a  eousider- 
able  depth,  the  workings  are  now  almost  entirelv  bui^ 
pended  in  consequence  of  the  ctmipetition  from  ^uth 
Wales ;  do  you  think  that  it  would  be  &ir  to  prirate 
interests  for  Government  to  develope  coalfleldB  other 
than  those  developed  by  the  coal  owners  thcmselven? 
— {Mr.  Etheridge^  It  is  so  worttiless  that  it  cannot 
be  taken  into  account ;  it  is  worthless  as  compami 
with  the  coal  of  South  Wales. 

( Chairman.)  Hr.  Dickinson  si^  tiiat  it  has  brni 
discontinued. 

198.  (Mr.  Pregtwick  to  Professor  Ramsay.)  With 
respect  to  the  Devonshire  coalfield,  and  to  the  detpri- 
oration  of  the  coal  mensures  in  their  range  in  thai 
direction,  and  also  to  the  relations  which  that  coal- 
tield  bears  to  the  Welch  coalfield,  do  you  agree  in 
the  views  that  have  been  previoudy  expr»sed  ?- 
Yes ;  it  is  a  fragment  of  the  South  Wales  coalfield ; 
they  are  both  fVagments  of  a  much  larger  coalfield 
now  partly  gone. 

199.  Although  the  coal  measures  deteriorate  as  yoa 
go  into  Devonshire,  do  you  see  any  cause  why  that  u 
likely  to  take  place  in  a  range  more  southward  and 
more  eas'tward  ? — If  it  were  proved  that  anotherihick 
coal  basin  existed  some  distance  to  the  east  of  tlie 
Bristol  coalfield,  I  should  expect  that  a  shaft  wonid 
pass  through  the  same  measures  or  part  of  them  that 
are  found  near  Bristol  and  in  Somersetshire. 


The  witness  withdrew. 
Acyonmed  to  Friday  next  at  1  o'dock. 


COMMITTEE  D.— Eighth  Meeting,  l^y,  Mafoh  20th,  1868. 


Sm  RODERICK  MURCHISON  in  the  Chair. 


Mr.  WoODROtJBE. 
Mr.  PRBSTWICR. 

Mr.  Dickinson. 


Professor  RxuexT. 
Mr.  Geddes. 
Mr.  Hq»t. 


Mr.  GoDWiN-AusTXV,  Mr.  Hinr.L,  and  The  Eail  of  Ducib  were  present. 
Mr.  Robert  GtODWIn-Adstem  examined. 


1.  Coal  the  product  of  terrestrial  vegetation. 

2.  The  question  of  the  probable  extension  of  coal 

dependent  on  the  original  form  of  the  coal- 
growth  snrfkces. 

3.  "Can  an  approximate  restwation  be  now  made 

of  that  old  condition  of  surfitce  ? 

4.  What  bare  been  the  direoticms  in  which  that 

condition  of  sur&ce  have  been  subsequently 
modified ;  and  to  what  extent  hare  the  originid 
areas  been  reduced  'i  North  and  south  lines 
of  disturbance.  Fenine  axis  E.  and  W.  This 
^stem  influences  the  inquiry  under  questions 
22,  23,  24. 

6.  Wf^stphalian  cosl  field  has  been  greatly  reduced 

along  its  S.  edge.  Has  a  great  extension  be- 
neath cretaceous  area.  Maps  and  sections 
were  exhibited  in  German  Department  of 
Exhibition  of  1860.  The  broad  band  of  Aix 
la  Chapelle  narrows  towards  Li^ge.  The 
thickness  the  lower  coal  meaaure  decreaaea 
from  £.  to  W. 
ti.  C^«at  up-cast  on  south  aide  of  coal  band  from 
Li^  to  meridian  of  Charlerois.  Bioche  and 
Quievnun,  after  whidi  the  coal  buid  di8q>peara 
beneath  Uie  cretaceous  series. 

7.  Original  extension  of  coal  measure  on  the  south 

shown  by  the  geological  feataree  of  the 
CondroB. 


8.  The  Condros  a  denuded  area.  Coal  band  broaden 

where  it  disappears  between  Dour  and  Houlr^ 
beneath  cretaceoua  aeriea. 

9.  Subsequent  oonrse  of  coal  band  proceedav&r 

as  Th^rouaane. 

10.  Geological  order  of  aeqaence  regular  along  tk 
N.  border  of  the  coal  band. 

11.  Breadth  of  area  over  which  cretaceoDs  or 
nummulitic  rocks  Falieozoic  rocks. 

12.  The  Boulonnais.-— Its  relations  to  the  coal  bauJ 
of  Belgium  and  of  the  N.  of  France  genmllj 
misunderstood.  French  Geologist^  Dumont— 
Sir  R.  Murcbison — mistakes  explained. 

13.  Does  the  present  physical  coniiguration  of  ibr 
surface  aSbrd  any  indication  of  the  ariMJPf* 
ment  of  the  subjacent  PaUeozoic  strata  ? 

Coincidence  of  the  cretaceous  axis  of  ArtMs  wiA 
that  of  the  great  upcast  on  the  S.  of  i^^ 
Franco-Belgian  coal  band. 

Fractures  along  line  of  Arttns  axis.  Nuiaeroai 
minor  coinddences,  such  as  lluU  of  the  fctrp« 
from  Montague  (S.)  to  Raches  (W.)  60  ktl»- 
metres. 


{Chairman.)  Gentlemen,  we  ai*e  assembled  to^ 
to  consider  in  the  first  place  the  probability  of 
extension  of  the  ooal  fielda  of  Yalenciennai  and  finfA 
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under  Uie  southern  parts  of  England,  and  Mr.  Godwin- 
Austen,  who  has  Mj  written  upon  this  subject,  will 
have  the  kindnesa  to  give  us  his  views  upon  the 
question. 

{Mr.  Godtoiu-Austen.)  It  was  suggested  to  me  by 
a  member      this  Committee  (Mr.  Frestwich)  thiU 
I  should  put  on  paper  the  different  heads  under  which 
I  would  give  evidence  to  this  Committee.   I  followed 
his  advice,  and  I  have  done  so.   I  have  made  them  as 
few  as  I  could,  but  I  am  oiraid  that  the  Committee 
will  think  that  they  are  too  numci-ous,    The  Com- 
mittee have  already  found  that  it  is  a  veiy  large 
inquiry  which  they  will  have  to  go  into,  and  therefore 
I  hope  that  they  will  excuse  the  number  of  heads 
under  which  I  propose  to  put  my  evidence,  which 
relates  to  Nob.  22,  23,  and  24  of  the  series  of  ques- 
tions which  have  been  issued.    The  Committee  have 
seen  already  IhaX  this  is  to  a  great  extent  a  speculative 
inquiry  as  to  the  extension  of  the  English  coal  fields, 
dependent  upon  such  guidance  as  geology  affords  ; 
and  it  is  based  upon  a  quotation  from  a  work  of 
Hons.  E.  de  Beaumont^  in  whidi  he  saye^ — '*  Lo 
"  problfone  qui,  soulevent  les  recherches  de  mines  de 
"  houille  dam  le  Nord  de  la  France,  se  rattnche 
"  en  demifire  analyse  au  plus  grandes  questions  que  la 
"  g^lf^ie  puiffio  traiter  relativement  aux  conches 
"  houUUera  de  ces  contr^  ;  celle  de  la  forme,  encore 
"  indetermin^e,  du  baaain  dans  lequel  elles  se  sont 
"  d^posee;  celles  de  la  disposition  des  terrains  qui 
"  ont  reconvert  le  terrain  houiUier  dans  une  grande 
"  partie  de  son  ^tendue."    Therefore,  the  real  ques- 
tion which  determines  the  ai-eas  in  England  and 
abroad  over  which  coal  may  be  expected  primarily 
depends  upon  what  was  the  form  of  the  coal-growth 
areas  at  the  time  of  those  coal  growths ;  and  if  this 
can  be  airived  at,  then  we  can  break  up  those  areas 
■a  modified  by  subsequent  disturbances,  and  so  deter- 
mine in  what  direcUons,  beneath  over-lying  strata, 
the  remaining  portions  of  snob  coal  fields  may  still  be 
expected.   I  maintain  that  coal  being  the  product 
of  terrastrial  vegetation,  those  old  terrestrial  surfaces 
may  be  very  approximately  restored ;  and  I  also  hold 
that  in  every  case  we  may  determine  what  are  the 
directions  which  those  disturbances  took  which  sub- 
sequently broke  up  those  areas.    I  have  attempted  to 
show  on  a  map,  which  I  now  produce,  an  outline 
of  the  coal-growths  of  Western  Europe  ;  and  in  order 
to  make  it  plain  I  have  given  a  dark  shading  to  those 
portions  whei-e  I  consider  have  been  coal  growths, 
the  blanks  rapresenting  the  dry  lands  at  that  time ; 
with  this  explanation,  that  I  distinguish  by  tiie  dark 
shading  what  were  cool  growths  nearly  at  the  sea 
level,  and  by  the  umhaded  what  were  coal  growths 
at  a  certain  elevation,  namely,  the  coal  growths  of  the 
eentnl  ai«a  of  France,  and  of  the  area  extending 
from  the  central  area  of  France  over  that  area  which 
is  now  recognized  as  carboniferous,  namely,  a  put 
of  the  Alpine  range.    The  mam  land  of  that  period 
was  mainly  extra  European ;  it  trenched  upon  the 
European,  and  therefore  it  was  not  mapped,  nor  othei^ 
wise  than  generally  indicated.    It  will  not  be  required 
of  me  to  go  into  the  evidence  as  to  thnt  map  ;  it  is  in 
print,  and  was  adopted  by  most  geologists  at  the  time. 
A  good  deal  oi'  the  Silurian  sea  beds  had  become  dry 
land  at  the  time  of  the  carboniferous  period. 

200.  (  Chatrman.)  This  {pointing  to  a  ^tart  of  the 
map\  completing  the  covered  up  portion  of  die 
Fi-anco-Belgii^  coal  bond,  is  unknown  ? — Tes ;  ex- 
cepting as  far  as  it  lias  been  afterwards  explored, 
that  is  shaded  black. 

201.  This  is  a  mere  outline? — ^Yea  ;  a  mere  outline 
of  what  was  land  and  what  Was  coal  growth  at  or 
nearly  at  the  sea  level,  not  marine.  The  other  lines 
upon  the  map  show  where  the  coal-growth  surfaces 
communicated  with  the  seas  of  that  time. 

202.  {Mr.  Pre$tu}ick.)  Do  you  show  upon  that  map 
what  are  the  now  existing  coal  fields  ? — Yes  ;  all  the 
exiBting  coal  fields  are  under  black  lined  areas. 

203.  Are  they  mariced  separately,  so  as  to  dis- 
tinguish what  is  a  matter  of  &ct  and  what  is  a  matter 
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of  theory  ? — ^Yes.    These  lines  {paining  io  tke  mdjp) 
represent  the  actual  <wal  fields. 

204.  ( Chairptan.)  All  the  dark  lines  represent  coal 
areas  ? — Yes. 

206.  These  lines  which  are  not  so  dark  do  not 
represent  the  known  coal  fields? — ^No  ;  only  conjec- 
turally.  If  ih»  Committee  call  upon  we  fm  a  map 
representing  the  coal'-growth  surfiicee  of  Western 
Europe,  I  can  furnish  one  based  upon  this  map,  in 
any  way  in  whidi  they  think  fit  to  call  upon  me  to 
make  it.  This  is  the  original  memoir  upon  the  coal 
(referring  to  tke  pamphlet  of  the  toitness,  Joumai 
of  the  Geological  Society  of  London,  vol.  12.) 

{Mr.  Prestvsich.)  I  think  that  tf  each  actual  coal 
field  was  marked  so  as  to  show  what  coal  fields  thei-e 
are  it  would  be  desirable. 

(  Witness.)  This  inquiry  is  not  as  to  what  existing 
coal  fields  we  have,  but  in  what  direction  those  coal 
fields  may  extend.  Therefore  I  say  that  it  is  neces- 
sary to  go  into  what  was  the  original  extension  of 
those  coal  fields.  Those  dark  patches  represent  all 
exposed  coal  in  Western  Europe. 

(CAatrman.)  Then,  gentlraaen,  shall  we  request  See  page 
Mr.  Austen  to  pr^are  such  a  map  ?  D  99  for 

{Mt.  Prestvrich.)  That  would  bo  my  view.  To  map  and 
maxk  first  of  all  the  known  coal  fields,  giving  them  explanation, 
their  names,  and  then  to  connect  them  by  theoretical 
lines  according  to  what  Mr.  Austen  assumes  to  be 
the  original  extent  of  these  coal  fields,  because  he 
assumes  that  our  present  coal  fields  are  merely  frag- 
ments of  larger  ones. 

( PFitness.)  Yes ;  they  are  fragments  of  lai^r  ones. 

{Mr.  Geddes.)  How  far  can  we  make  this  bear 
upon  our  practical  debate  ? 

{Prqfessor  Ramsay.)  Verj  laxgely. 

(Mr.  Geddes.)  It  is  theoiy. 

(Prt^ettor  Ramaay.)  We  have  not  come  to  the 
details  yet. 

( ChairmoH.)  We  are  going  presently  to  hear  from 
Mr.  Godwin-Austen  a  complete  exposition  of  his 
views  as  to  how  (for  that  is  the  great  practical  ques- 
tion of  this  day)  the  carboniferous  series  of  B^giom 
and  Valenciennes  extends,  and  how  it  may  be  found 
under  the  southern  parts  of  England. 

{Witness.)  Yes. 

{Chairman.)  Asa  preliminary  matter  to  that,  the 
Committee  would  wish  to  have  (and  I  think  that  it 
is  very  proper  to  have)  this  general  map,  which 
shows  the  outline  of  the  coal  fields,  or  the  denu- 
dation of  the  various  coal  fields  which  ore  known 
in  Europe.  And  the  Committee  desire  that  Mr,  God- 
win-Austen should  prepare  a  map  of  this  soil  for  the. 
general  Commission,  uid  for  the  inspection  of  the 
public.  Does  Mr.  IVestwich  think  it  desirable  to 
,  have  that  map  ? 

(Jfr.  Prestwich.)  It  think  it  desirable  to  have  it. 
Mr.  Geddes  will  remember  that  on  fimner  occasions 
the  object  of  the  evidence  given  was  to  show  that  the 
Bristol  coal  field  was  a  fi^agment  of  a  larger  one ; 
and  the  Welsh  coal  field  another  portion.  We  must 
take  each  coal  field  round  the  unexplored  area,  namely, 
round  the  South  of  England,  and  see  whether  there  cau 
be  established  any  co-relation  between  these  different 
coal  fields,  and  what  is  the  probability  that  formerly 
they  formed  one  lai'ge  and  extensive  field.  It  is  upon 
the  detennination  of  the  value  of  those  pi-obabilities 
that  the  question  of  finding  coal  in  the  South  of  Eng- 
land rests.  I  suppose  that  to-day  Mi-.  Godwin- 
Austen  will  give  us  evidence  as  to  the  structure  of 
the  coal  fields  in  Belgium,  which  fringe  the  secon- 
dary rocks, 

{Wi^ess.)  The  point  which  I  wished  to  pat  befiare 
the  Committee  was  that  it  is  poasiUe  to  make  a  resto- 
ration of  the  original  sui&ce  of  these  coal  growths ; 
and  if  it  is  the  wish  of  the  Committee,  I  will  attempt 
to  show  it  upon  this  plmi,  which  was  made  a  great 
many  yeai-s  ago.  Passing  over  that,  it  being  a  thing 
which  is  possible,  disturbuices  in  two  directions  seem 
to  have  interfered  with  this  original  condition  of  the 
surface.  I  may  pass  over  one  altogether,  namely, 
that  whi^  produced  our  Fenine  <^Ain,  and  Imka 
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up  'Bar  ooftl  field  tliere,  and  vhidk  has  a  goaernl 
direoUon  north  and  soutil.  The  other  direction  of 
disturbance  is  not  of  a  ififferent  age,  it  is  what  mathe- 
maticiaDB  wonld  call  complementary  to  it*  and  it  has 
g€aienil  east  and  west  direction,  and  that  distur- 
bance is  the  one  which  is  involved  in  questions  20  to 
24  of  the  enqoiriee  which  you  have  issued.  Taking 
this  map,  which  is  a  €kitiia&  reproduction  of  the 
Chairman's  Rhenish  map  

206.  {Chairman.)  That  is  a  map  of  Professor 
Sedgwick  and  myself? — Yes ;  in  your  memoir  upon 
the  BfaenMi  pwineea.  We  will  take  it  up  where 
the  Wee^ihallni  coal  ftrmation  passes  -  beneath  the 
oetaceoiis  series  fttm  Miihlhiem  and  Elberfeld  to 
beyobd  Dortmund  and  Manbo^.  It  is  generally 
known  as  the  coal  basin  of  the  Ruhr.  The  Ruhr  is 
a  liver  which  runs  all  through  it,  and  it  joins  the 
Rhine  a  little  below  Dusseldorf.  It  is  a  veiy  pro- 
ductive coel  field  ;  it  is  the  eource  of  all  the  industry 
of  Prussia,  and  its  position  is  very  well  defined.  It 
has  an  enormous  thickness  of  "  the  millstone  grit 
series"  of  English  geologists  at  the  base  of  it;  and 
this  overlies  the  true  mountain  limestone.  We  need 
not  concern  ourselves  with  what  are  the  older  rocks 
underneath  that.  A  great  buid  of  mountain  limestone 
forms  the  basin  of  that  coal'  series.  The  faintly 
shaded  part  on  &6  map  represents  the  millstone  grit-, 
and  what  is  dotted  represents  the  more  workable 
portion  of'  that  coal  field.  Now  I  call  attention  to 
thiSy  because,  although  the  ooal  field  of  the  Ruhr  is 
clearly  connected  with  that  of  Aix  la  Chapelle,  there 
were  some  very  interesting  maps  and  sections  at  the 
Exhibition  of  1863  (Oerman  Department),  and  they 
showed  the  extent  to  which  the  Ruhr  coal  field  had 
been  proved  beueath  the  overlying  cretaceous  series 
of  Westphalia  to  the  north.  It  is  very  much  dis- 
turbed, as  the'  Chairman  knows,  upon  its  southern 
margin;  but  I  will  describe  it  generally  as  it  was 

S'ven  in  these  Grerman  sections.  As  it  passed  away 
am  its  exposed  and  disturbed  limits  on  the  south- 
east, it  finally  i^esolved  itself  into  a  series  of  great  rolls 
or  folds,  all  of  which  had  been  proved  in  a  direction 
"noirthward,  so  tiiat  the  Germans  have  shown  that 
this  part  oS  the  ooal  band  has  a  very  great'  northern 
extension  beneath  the  overlying  (retaceons  rocks. 
I  do  not  now  go  into  the  extent  to  which  borings  have 
been  made  through  the  cretaceous  series,  bnt  state 
it  as  a  fact  that  this  coal  band  has  a  great  extension 
in  a  northerly  direction. 

207.  Chiefly  through  the  lower  and  upper  g^een- 
sand  ? — ^Yes ;  through  the  ci-etaceous  series.  Tou  may 
call  it  greensand ;  it  is  in  part  the  equivalent  to  the 
wealden  of  England.  On  its  southern  side  the  coal 
field  has  been  out  back  ;  it  is  cut  off  abruptly  ;  the 
thickest  seams  end  in  this  direction.  It  must  origi- 
nally have  extended  much  over  the  country  to  the 
south,  and  the  proof  is,  that  remaining  porticms  of  the 
oartKMuferouB  series  occur  there  [Habbecke]. 

£08.  Can  you  point  out  to  the  Committee  any  part 
where  there  is  productive  coal  ? — I  only  speak  of  it 
over  that  area  as  consisting  of  the  carboniranms  marine 
limestone  formation.  The  area  of  the  coal  fields  was 
very  nearly  co-extensive  with  the  old  sea  bed  forming 
the  carbcmiferous  limestone.  The  present  visible 
width  of  the  coal  surface  of  Westphalia  is  no  indica- 
tion whatever  of  the  probable  extension  of  that  basin 
to  the  north,  and  the  accident  of  its  denudation  on 
the  south  has  not  any  connexion  with  the  question 
as  to  what  extension  it  may  have  had  over  a  part  of 
^at  portion  .of  Germany.  Acroes  the  Rhine  the  8}«- 
tem  of  the  old  rocks,  which  are  carried  right  across 
the  valley  of  the  Rhine,  is  of  no  importance  in  the 
matter ;  the  Correspondence  is  perfect  between  the 
Aix  la  Chapelle  and  the  Ruhr  bands.  Again,  the  Aix 
-la  Chapelle  band  is  of  very  considerwle  breadth, 
prcibably  equal  to  tiiat  of  the  Westphalian  basin, 
'though  tiot  yet  followed  out.  Those  who  have  been 
Aere  know  how -ft' has  been  proved  at  points  through 
the  tertiaTt  and  «ret*ceDui6  -series  to  '&e  nprth,  and  it 
-doar  itot  b»in  to  cont]:aet  in  Ha  course  westwards 
win  BMir  Vls^'n^  the M«uM.  '  fit  thfe  'aiMe^ir^ 


it  is  also  dear  to  those  who  have  sem  «U  the  rods 

upon  this  sMe  of  the  lUiine  that  the  Aix  la  Ch^>etie 
basin  -must  have  had  an  extoision  in  a  southern  di- 
rection, because  it  has  been  cut  short  by  &ults  aliMg 
its  southern  edge.  At  Vis^  the  coal  measures  b^in 
to  contract,  and  then  take  the  dimenskms  vrtudi  are 
represented  here  in  the  acccHupanying  map  A. 

209.  (Mr.  Freatwieh.)  What  is  the  sbike  of  theee 
coal  fields  ? — You  ma^  take  it  generally  to  be  east 
and  west.  From  the  pomt  where  the  coal  measures  crop 
out  on  the  Mouse  the  band  be^ns.to  contract,  and  it  is 
from  this  point  to  where  it  disappeara  again  beneath  the 
(^Ik  that  we  have  mamly  to  look.  At  Li%e  the 
coal  butd,  which  is  marked  in  blad^,  beoomea  very 
nerrow  o(nnparatively  to  its  dlmensims  eastwards. 
Rocb)  of  older  date  than  the  carfoontfarous  limestone 
rise-  upon  the  southern  side,  and  there  Is  a  vast 
series  of  Devonian  and  Silurian  rocks  rising  up<m 
both  the  north  and  the  south,  and  these  go  on  or  trend 
in  this  same  direction,  or  east  and  west.  As  fiu-  as 
we  know  as  yet  there  is  no  repetition '  whatever  of 
rocks  of  the  age  of  the  carboniferous  period  on  the 
UQrth. 

210.  {Chairman.)  The  older  rocks  only  b^ng 
foand  under  the  supojacent  deposits  ?— Yes.  I  will 
point  out  one  or  two  places  at  which  old  nx^s,  far 
older  than  the  coal  measures,  have  hem  proved.  At 
"Vilvorde,  north  <^  Brussels,  nummalitic  strata  h*e 
directly  upon  old  Tooks. 

211.  Upon  rocks  older  thbn  the  eoet  ?-^Tee ;  -veiy 
much  older  than  the  coal,  because  it  is  a  descending 
series,  one  after'  the  othei*,  upon  the  north  sfde  of  the 
coal  iKisin.  Upon  the  fiorth'  side  of  the  basin  there 
is  a  regular  order  of  succession.  Yon  have  the  coal 
measures,'  and  then  the  Devonian  limestone  series, 
and  then  the  Coblent^ien  series  of  Duraont ;  that  is 
the  lowest  part.  These  Devonian  rocks  rest  nncon- 
formably  upon  a  series  whiQh  have  been  proved  to 
contain  a  lower  Silurian  fauna,  and  all  thode  veiy 
altered  rocks  below  that  stage  must  be  referred  to 
some  part  of  the  series  still  older  than  those  Silnrian 
rocks,  and  they  extend  as  far  certainly  as  to  some 
pcnnt  north  of  Bruxelles.  Tharef<i»8  thiire  has  been 
denudation  upon  tJie  narthom  sid^  but  tiie  order  of 
succession  is  comjdeto ;  there  is  no  invmion  or  dis- 
tm-bance  whatever.  But  from  U^e,  all  along  fiie 
south  side  <^  the  bat^n,  it  is  very  different ;  there, 
immediately  against  the  coal  measures,  there  is  an 
enormous  upcast  which  brings  the  vefy  lowest  part 
of  the  Devonian  series  hig^eir  in  some  places  than 
the  6o8l  beds.  There  has  been  a  displacement  of 
that  sort  (Fig.  )  ;  and  following  upon  or  accom* 
panying  that  displacement  there  has  been  a  complete 
planing  ofl',  so  that  neu'ly  at  the  same  level  you  get 
the  Coblentzien  series,  all  the  subdivisions  of  the 
Devonian  limestones,  and  the  g^t  eonglom^mte 
of  Bumot  brought  up  in  imm^ate  juxtapositioo 
with  the  true  workable  coaL  It  has  been  thus 
brought  up  in  two  ways.  The  position  of  the  coal 
of  Li^  is  a  case  in  point,  bnt'  it  extends  all  aloi^ 
the  Belgian  co^  band.  F^haps  the  greatest  de> 
velopment  of  beds  lower  than  the  mountyn  fime- 
stone  is  in  the  meridian  of  Hons.  Mr.  IVestwidi 
knows  the  geology  of  the  neighbourhood  of  Quievrain ; 
Uiere  there  is  the  greatest  exhibition  of  this  dis- 
turbance, because  you  lose  there  even  the  mountain 
limestone^  and  older  rocks  still  form  a  wall  upon  the 
south  to  the  coal  beds  of  Quievtain.  One  part  or 
another  of  a  series  older  than  the  mountain  limestcme 
forms  a  vertical  wall  against  whi<^  the  coal  seaxDs 
abut,  upon  the  .sonthern,  side  of  the  basin,  extending 
all  the  way  from.Liege  to  where  you  lose  ai^t  of 
it  altogether,  a  little  east  of  YiJenciennes.  Hence 
the  modem  vi^  with  regard  to  this  part  of  the 
coal  band  of  Belgium  and  of  the  nprtn  of  Ttikoe 
is  thftt  it  does  not  fonn  a  trough,  but  only  half  a 
trptigh.-  Ton  maiy  f^i(nr  a  set  of  beds  which  by 
lateral  cbn^wJtion  of  tile'  old^  rbclu  -first  f<mn  a 
great  linear  trough  trending  east  an,d  west,  and  that 
a  ikult  has^takea  place  rftismg  up  the  southern  haU; 
the'fiittiiteflMM'Vf  Which -eonther^  half  haa  been 
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lowered  or  deaiided  doi^n  to  the  millatmie  grit  seriies. 
The  whole,  aepies  of  coal  aeama  to  the  north  ciui  bp 
carried  on  with  an  uniform  south  tdope  until  thej 
abut  against  this  fault,  then  a  great  upcast  com,ea^ 
and  more  or  less  of  the,  southern  h^f  is  exposed  in 
the  shape  of.  the .  dr^  coalj  or  the  lower  coal  of  the 
northern  side  of  the  basin. 

21 1.  Preatwich.)  Can  you  give  an  idea  of  the 
size  of  this  fai4t?-r-Toa  oaa  catcnlate  it  at  eveiy 
place. 

212.  Can70u,8tate  it  within  a  few  hundred  feet  ?  Is 
it  a  fai^lt  of  a  hundred  feet,  or  of  a  thonpand  feet  I 
should  think  that  in'many  places  it  must  be  a  fault  of 
more  than  1 ,000  feet.  According  as  thicknesses  are 
estimated  now,  I  dai'e  say  that  many  geologists  would 
give  an  upcast  of  2,000  feet  or  more  to  this  fault  in 
some  parts  of  its  course. 

213.  {Chairman.)  The  rocks  upon  the  southern 
side  of  this  so-called  trough  all  ^ong  the  line  of  this 
&ult,  which  are  older  than  the  coal,  are  Devonian:,  are 
they  not  ?— Tea;  taking  the  CobleDtsiaii  as  the  lowest 
member  of  the  Devonian  series,  everything  which 
comes  in  contact  with  it  is  of  Devonian  age.  That  the 
coal  field  before  this  disturbance  had  a  much  greater 
extension  is  perfectly  clear,  because  immediately  south 
<]£  this  upcast  &ult  have  the  tomotiiwx  of  anotiier 
great  basin,  in  whichi  the  whole  of  the  ctu-boniferous 
series  is  brought  in  ^ain,  (the  mountun  limestone 
series  and  all  the  subordinate  members  of  the  mountain 
limestone  series,)  and  wherever  the  troughs  are  deepest 
you  have  inlying  portions  of  the  lower  dry  coal 
measures.  Mr.  Frestwich  knows  some  of  them.  One  of 
the  bands  is  that  which  passes  a  Utde  north  of  Dinant. 
This  is  perhaps  the  best  mup  which  has  been  produced 
of  tins  (^strict,  {map  of  M.  Dupontf)  and  this  repi-esents 
thestmetnre  of  the  country  north  of  Dinant.  Between 
Kamur  and  Dinant,  a  cool  band,  as  Monsiear  Dupont 
repr^enta,  oomes  in.  I  tlunk  thai  it  ia  called  the  coal 
basin  of  Hons.  In  like  manner,  going  in  the  diretAion 
of  Li^,  but  south  of  JM%e,  ^ere  are  several  otlier 
amall  cofl  bands  of  the  lower  coal  measures  c(»niDg  iu. 
ThOTe  is  one  which  Sir  B.  Murchinson  is  aoqiuunted 
with,  at  the  termination  of  these  outlying  cofd  fields, 
which  you  have  at  the  village  of  Xheux  upon  the 
railway  to'  Spa.  There  is  there  a  little  basin  fidded  in 
amongst  the  older  rocks  with  mountain  limestone 
undoneath  it  up<Hi  both  sides,  and  that  is  the  extreme 
eastern  portion  of  that  series  of  little  coal  basins 
which  are  on  the  south  of  the  great  coal  band  of 
Belgium.  So  much  with  respect  to  that  part  of  the 
Belgium  coal  field  extending  fi-om  Li^  towards  the 
French  frontier.  I  need  not  give  you  much  evidence 
with  regard  to  this  matter,  because  it  is  accessible  to 
aU,  T^e  Belgians  have  kept  records  of  all  their 
workings,  and  the  Belgian  area  is  perfectly  wdl 
known.  Kumben  of  works  give  you  the  cross 
secticms  of  that  coal  field.  however,  the  Committee 
should  like  it,  I  could  supply  them  with  the  cross 
sections  of  the  ooal  fields,  bearing  out  whai  I  have 
said,  nuuely,  that  tlie  coal  goes  south  until  it  meets 
with  .this  upcast  fault.  Sometimes  the  bitmninoas 
coal  is  worked  hard  i^ainst  the  fault.  Sometimes  the 
beds  ar&  very  much  broken  i^;ains(  thefanlt,  and  those 
v«y  curious,  zig-zag. &ults  presented' in  some  of  the 
works  upou  the  south  aide  of  Uie  coal  field  are  the 
rasnll  m,  the  enormous  pressure  which  accompanied 
this  upcast  faalt  The  beds  go  down  very  much  like 
a  staircase;  but  the  Belgians,  in  spte  of  tfaat»  have 
worked  the  coal  along  those  zigeagB,^d  thus  arises 
the  double  ayston  of  forking  this  ooid  field,  namehr, 
the  flat,  beds  and  of  thiQ  inclined  wid.  broken-up  beds. 
Aft^r  a  iqMce>  the.  caretaceovaifiraMlions  thjckea,  'and 
the  ooal  field  is  altc^ether  lost  sight  ot  Wfaerarer  it 
is  colour^  blaok  ..(on  the  Map  A)  it  is  visible  at  the 
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214.  Mr,  JPscettvneh.)  Do;you  mean  to  say.  that  it  is 
eat  o€r«  or  that  it  passes  under?: — ^It  passes  under, 
,wid  it  'finally  comes  to  be  traced  in  this  eort.of  way  : 
^rherever  on  the  map  yoU  see.  a  darker  cokior  there  is 
a^  littlo.-<Mito^.  of '  cool  meaaoToa.  The  ooal-os 
r^EMfintoAin.the  faintflr  tint  has-been  laOTediinder- 
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neathfor  ^e  whole  of  it:  but  these  are  the  Kttle  places 
where  it  appears  at  .the  sur&ce.  From  Valenciennes, 
or  a  little  east  of  Valencienpes,  it  is  lost. 

215.  (Professor  Bamsaj/.)  It  is  lost  at  the  surface  ? 
-—Yes.  Then  what  has  been  the  course  which  has 
been  adopted  with  respect  the  rest  ?  The  French, 
before  the  great  revolution,  had  begun  to  peculate  as 
to  the  extension  of  the  Belgian  coal  field  across  the 
jHVBent  department  of  the ;  Nord,  and  they  made 

number  of  sinkings.  Some  of  those  sinkings  are 
represented  in  the  acoompanying  m^» ;  but  a  good 
deal  of  information  as  to  this  ia  given  in  a  memoir 
of  Monsieur  Gamier,  as  also  with  respect  to  the 
Boulonnais.  He  shows  how  up  to  bis  time  a  veiy 
large  sum  of  money  had  been  expended  in  the 
researches  for  the  continuation  of  that  basin.  The 
heads  under  which  I  would  call  attention  to  the 
subject  are  these.  I  have  noticed  the  great  exten- 
sion which  the  basin  must  once  have  had  by  the 
little  coal  bands  which  cover  the  surface  of  the  Con- 
dros.  That  was  the  old  region  of  the  Belgian  tribe  of 
Condrosi.  The  whole  of  this  is  a  true  carboniferous 
counti'y,  only  that  the  beds  are  of  the  lower  carbo- 
niferous fonnalaon  resting  npon  mountain  Umeetone. 
The  Condros  is  not  Devonian  j  it  is  a  great  nndulating 
carboniferoiffi  trough  between  the  upcast  of  the 
Devonian  beds  and  those  which  arise  agiun  by  Give* 
and  along  the  line  of  the  Ardennes.  It  must  be 
borne  in  mind  that  the  Condros  is  carlxmiferouB,  and 
beai-s  subordinate  beds  of  coal. 

216.  {Chairman.)  Do  you  know  of  any  beds  of  coal 
which  have  been  found  along  this  line,  {pointing  to 
the  jteighhourhood  of  Arras  on  the  map)  1 — ^No ;  no 
coal  has  been  found  beneath  the  oveifying  chalk  in 
that  direction. 

217.  {Mr.  Presiwich.)  To  what  extent  has  the 
coal  bera  proved  underneath  the  secondary  rocks  ? — 
The  best  way  in  which  the  Commission  can  have  a 
notion  of  the  geological  structni'e  of  the  Condros  is 
by  M.  Dumon-^8  map.  I  have  idluded  to  researches 
for  coal  before  the  French  revolution.  The  subse- 
quent governments,  the  Durectory,  the  Empire, 
turned  uieir  attentions  to  the  coal  fields  in  different 
ways.  The  one  Government  took  it,  and  the  oth^- 
Governm'ent  gaVe  it  back  again ;  they  promoted 
research  by  grants,  and  an  enormous  sum  of  money 
has  altogether  been  spent  in  this  way.  I  dare  say 
that  Mr.  Hunt  would  be  able  to  get  out  for  you 
exactly  what  the  amount  has  been ;  it  has  been  very 
successful.  I  do  not  go  into  the  commercial  question 
now,  because  I  have  no  doubt  that  there  are  ofilcers 
here  who  will  get  out  that  foryou ;  but  the  reason  why 
the  coal  band,  although  it  decreases  in  width  as  it  goes 
westward,  has  been  remunerative,  is  this,  that  the 
lower  nnproductive  coal  measures  decrease  in  thickness 
as  they^  west ;  the  consequence  is,  that  the  available 
portion  in  tl^  Department  of  the  Pas  de  Calais  is 

f cater  than  it  is  even  in  the  Department  of  the  Nord. 
allude  to  this,  because  1  know  that  there  is  an  im- 
pression in  England  that  the  Department  of  the  Kord 
and  the  Department  of  the  Pas  de  Calais  are  not  very 
successful  as  coal  working  countries.  But  the  most 
recent  opinion  of  a  coal  engineei*  is,  as  to  the  quality  of 
the  coal  of  the  Pas  de  Calais,  "On  retrouve  des 
veines  aussi  grasses  et  plus  grasses  que  celles  de 
Douehy,  et  comparable  an  FlSnn." 

This  map  was  prepared  for  '  a  memoir  in  one  of  .the 
nnmbors  of  the  Geological  Journal  t  it  has  beeit  a 
little  altered  sinpeit  was  presented.  Ooal  which  could 
cmly  be  said  to  extend  to  B^thune  with  somewhat  oi 
macotain^  has  been  proved  now  beyond  that ;  it 
does  not  end  aa  I  have  represented  it,  because  at  Tfa6- 
rooaane  the  Iveadth  is  a  little  greater. 

218.  {Chairman,)  I  give  it  as  my  opinion  that  the 
maps  of  Dumont  have  not  any  bearing  upon  the  ques- 
tion of  the  extension  of  this  coat  which  we'  are  now 
getting  towards  England.  What  we  are  now  jurticu- 
larly  going  to  enquire  mto  are  the- evidences  which 
Mr.  Austen  will  bring  before  us  of  the  extension  of 
this  coat  fi^d  towuds  Uie  Britisb  Channel,  in  the 
condition  in  which  it  is  lost  on  aeeii  the  east ;  and  I 
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would  beg  leave  only  to  ask  him  this  one  question,  and 
to  tell  nB  at  once  what  is  the  moat  western  point  to 
which  thoee  valuable  coala  range  ? — Th^rouanne. 

219.  {Mr,  Prestwich.)  At  what  distance  is  that 
from  Calais  ? — Thirty  miles. 

220.  How  far  is  it  from  the  neaiest  outcrop  of  the 
coal  field  7— About  the  same.  From  a  little  west  of 
Mods  the  coal  is  visible.  But  you  must  recollect  that 
the  ValencienneB  ooal  and  all  that  rich  field  is  worked 
far  to  tiie  west  <tf  Mons.  Mr.  Prestwich's  qaestion  is, 
given  a  distance  of  80  miles  from  Th&vnanne  to 
Calais,  what  is  the  distance  from  Th&ronanne  eastward 
where  the  coal  field  comes  to  the  surface  between 
Mons  and  Cond^  ?  The  nearest  visible  outcrop  would 
he  rather  more  than  the  distance  from  Therouamie  to 
Calais.  But  I  do  not  think  that  the  question  of  out- 
crop is  BO  much  concerned,  because  to  the  west  of 
Conde  there  are  two  whole  French  Departments  in 
which  an  enormous  quantity  of  coal  is  now  being 
annually  i-aiaed.  Every  portion  of  this  coal  field  is 
proved,  and  all  its  faults  and  disturbances  are  proved. 
If  gentlemen  will  look  at  the  map  1  have  prepared, 
they  will  see  marked  in  eveiy  instance  the  dii-ection 
of  the  beds  of  this  part  of  the  coal  band,  as  well  as 
their  dip;  the  beds  ore  worked  right  up  to  the 
limit  of  the  basin  having  a  southern  dip.  In  other 
places  along  the  middle  of  the  basin  they  have  twisted 
once  or  twice  over.  I  believe  that  I  have  marked  in 
every  instance  the  direction  and  dip  of  the  coal  seams. 

221.  I  wanted  to  know  to  what  extent  the  coals 
had  been  worked  underneath  the  secondary  rocks  ? — 
The  coal  of  the  whole  of  those  two  departments  is 
under  the  cretaceous  or  newer  secondary  rocks,  and  it 
is  Bo  in  a  great  part  of  Belgium. 

222.  What  are  those  secondary  rocks  ? — Chalk, 
dialk-marl,  and  what  they  locally  call  tourtia  ;  it  is  a 
sandstone  with  conglomerate  at  the  base. 

223.  {Chairman,)  Yo\x  hare  shown  that  this  coal 
field  diminishea  in  width.  Will  you  explain  to  us  how 
it  is  subtended  by  this  great  fault  on  the  south,  which 
invariably  brings  in  the  Devonian  limestone?  Tou 
have  narrowed  it  to  a  point.  What  is  the  boundary 
upon  the  northern  side  ? — Mountain  limestone.  At 
all  these  places  indicated  by  a  green  colour  the  rocks 
ore  mountain  limestone.  At  Kllingham  they  are  said 
to  have  met  part  of  the  Devonian  series.  At  Lisle  it 
is  proved  again  to  be  mountain  limestone.  The  only 
addition  which  I  have  made  to  this  map  since  tlio 
paper  was  published  is  this :  there  was  the  little  coal 
fidd  of  Bouconrt,  which  was  not  understood,  and  I  put 
it  in  conjecturally.  That  patt  of  the  field  has  been  to 
n  great  degree  proved.  It  is  of  no  great  value,  because 
they  are  the  bottom  coals;  but  it  is  a  proof  of  the 
former  extension  of  the  coal  growths  over  an  area  to 
the  north  of  this  Franco-Belgian  coal  band,  and  it  is 
connected  with  the  other  question  which  we  have  to 
go  into  as  to  what  probability  thera  is  of  the  coal  band 
being  carried  on  westwards. 

224.  That  is  the  great  question  ?— I  will  now  call  • 
your  attenticm  to  this,  the  Frraich  pinion  of  the  basin. 
Although  it  is  not  shomk  at  the  sur&ce  here,  the 
position  of  the  older  rocks  was  caused  by  an  upcast 
aguust  the  southern  part  of  the  basin,  and  every  part 
of  the  ground  has  been  proved  from  where  the  creta- 
ceous rocks  overlie  the  coal  along  its  whole  extent. 
You  will  see  from  the  colours  which  indicate  geo- 
logical foimations,  that  instead  of  the  mountain  lime- 
stone dipping  under  Uie  coal  basin  you  get  puis  of 
the  Devonian  series,  or  Devonian  limestones,  or  those 
sandstones  which  underlie  the  Devonian  series,  and 
this  is  cmtinned  right  away  westwards.  I  shall  pre- 
sently call  yonr  attention  to  the  Bonlonnais.  Yon  will 
understand  how  this  has  been  arrived  at,'  when  I  ex- 
plain as  to  the  lines  and  patdiea  on  the  map,  that  rhe 
patches  represent  valleya  of  denndoticni.  On  this 
Luge  map  of  Fraiwe  [•m#ra/  »he^  of  QusmPt  large 
Map]  fa  represented  the  country  to  which  I  am  now 
calling  roar  attention^  which  is  whcdly  covered  by 
the  chtjik.  fbraution,  and  where  the  coal  is  wtdc^ 
beneath  the  chalk. 


225.  {Mr.  Prestwich.)  Is  that,  in  the  Department 
Du  Nord  ? — Yes,  and  the  Department  of  the  Pas  de 
Calais  as  you  get  westward.  These  being  vallcyK  of 
the  chalk,  the  upper  surface  of  the  country  is  not  so 
coloured,  because  those  portions  are  covered  with 
tertiary  strata.  All  these  dark  patches  represent 
valleys  in  which  rocks  older  than  the  mountain  lime- 
stone are  exposed,  consisting  for  the  most  part  of  that 
sandstone  series  which  is  broken  and  thrown  op  by  a 
foult  against  Uie  southern  side  of  the  coal  field.  And 
it  is  a  remai^able  feature  thai  in  thu  country  in  all 
the  deep  valleys  you  hare  this  exposure  of  old 
PalasoEoie  rocks  at  the  bottoms  of  v^leys  over  the 
chalk  area.  Tou  carry  these  old  rocks  right  up  to  the 
edge  of  the  coal  basin.  Douay  is  on  coal ;  cool  v* 
worked  beneath  Douay,  as  gentlemen  may  have  ob- 
served OS  they  have  passed  on  the  line  of  North  of 
France.  This  band  on  the  smaller  map  A  represenia 
that  which  is  laid  down  on  this  lai^r  map.  Coal  u 
actually  worked  beneath  the  town  of  Valenciennes.  It 
goea  out  of  this  sheet  into  that  of  Douay.  On  this  sheet, 
which  comes  in  on  the  north  of  It  {producing  another 
sheet),  is  Toumay.  Totunay  is  upon  the  mountain 
limestone;  add  thui  dark  line  represents  the  course 
along  which  tlie  coal  measures,  not  visible,  have  been 
worked,  extending  westwards  in  this  direction.  All 
along  this  line  it  has  beeoi  proved  researches, 
which  have  been  conducted  through  the  whole  thick- 
ness of  the  chalk  formation,  that  the  same  upcast  &nlt 
exists  upon  the  southern  side  of  the  coal  baton  that  we 
have  from  Valenciennes  to  Li^ge  ;  that  one  common 
feature  pervades  the  whole  line.  When,  some  years 
ago,  I  was  engaged  in  a  memoir  upon  the  Boulonnait:, 
they  were  making  i^esearches  in  the  direction  of  Guinoi 
and  Hames,  and  they  ascertained  that  old  rocks,  early 
Devonian,  were  carried  on  in  this  direction  between 
the  high  country  or  axis  of  Artois  and  the  Boulonnaii<, 
and  that  great  depression  in  which  the  town  of  Calais 
is  situated. 

226.  ( Professor  Ramsay.)  You  said  "  old  rocks  " 
what  are  those  old  rocks  ? — They  are  older  than  the 
mountun  limestone. 

226a.  (CA(itrfliatt.)Th^  are  all  old  Devonian  rocks? 
-~Ye8 ;  the  only  place  where  you  get  anytiang  cer- 
twnly  older  than  the  Devonian  series  is  at  Cremblenx ; 
there  they  are  lower  Silurian,  and  probably  the  whole 
district  to  the  north  is  referable  to  other  parts  of  the 
older  Palieozoic  series. 

227.  Then  the  coal  is  quite  shut  out  ? — Yes. 

228.  {Mr.  Prestwich.)  At  the  extreme  point  w«-l- 
ward  of  the  extension  of  the  Belgian  coalfield,  under- 
neath the  chalk  district,  what  is  the  width  to  which 
it  has  been  proved  at  the  extreme  end  ? — I  have  one 
plui  in  which  it  is  laid  down  exactly  to  scale.  [^AAout 
a  quarter  of  a  nrile.'] 

229.  Does  the  evidence  show  that  it  trends  to  a 
point  at  that  spot? — Not  at  all;  but  if  you  will  take 
Damont's  map  you  will  see  that  the  nature  of  all 
these  bands  is  to  thin  out  at  their  extremities. 

230.  Then  this  point  which  you  represent  on  the 
map  is  hypothetical  ? — ^Yes;  I  have  mode  it  tenninata 
in  a  point,  because  it  is  the  nature  of  all  these  di^^ 
tuibed  strata  ultimately  to  thin  out  or  finish  in  points. 
These  bonds  are  of  mountain  limestone,  and  you  trace 
them  ofi*  as  they  narrow  to  points.  It  reanlted  from 
disturbed  strata  having  all  been  planed  off  to  a  per* 
fectly  dead  level. 

231.  From  this  point,  where  you  have  got  the  last 
coal  workings,  presuming  that  the  beds  trend  in  the 
same  direction,  have  any  sinkingB  been  made  so  as  to 
show  that  it  ceases  at  any  given  point  between  there 
and  the  sea  ? — That  it  ceases,  I  think,  is  true ;  because, 
as  yon  will  see  here  {pointing  to  the  map),  which  is 
directly  on  the  line  on  which  the  coal  band  would  be 
taken  at  Th^ronanne,  that  there  fa  only  mooutain 
limestone  f  but  I  do  not  think  that  that  has  ai^thing 
to  do  witb  this  questicm,  because  I  can  point  ont  many 
places  where  the  ooal  fa  cat  ofl^  or  it  fa  completely  shut 
out.  I  may  remind  (me  of  uie  ComntiBsioneTs  [Mr. 
Pi-estwich]  that  we  stood,  when  at  Engis  near  Li^ge, 
on  the  mountain  limestone  which  sepantea  the  Liege 
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bmin  entii-olj  £rom  that  of  Hay.  These  basins  in  the 
other  map  are  represented  as  continaoua  ;  bat  the  whole 
of  the  Belgian  coal  band  is  several  times  completely 
cut  off.  When  yoa  bear  in  mind  what  the  structure 
of  the  country  to  the  eastward  ia,  the  termination  of 
the  coal  basin  in  this  (west)  direction  has  not  any 
bearing  whatever  upon  the  other  question,  whether  it  is 
renewed  again.  That  depends  upon  other  considera- 
tions, and  I  will  show  you  what  those  are. 

{Chairman.)  In  fact  Mr.  Austen  admits  that  the 
coal  field  terminates  there. 

{Mr.  Prestvjfck.)  I  think  that  Mr.  Austen  admits 
that  the  actual  coal  field  of  the  Pas  de  Calais  ceases 
there,  but  he  would  raise  the  question  whether  it  does 
not  set  in  again. 

{Mr.  Godtoin-Atuten.)  Yes.    I  will  show  yon, 
presently,  that  it  does  set  in  ^^in,  to  almost  a  mathc 
matical  certainty.    This  particulai'  band  thins  away, 
and  probably  disappears  a  little  to  the  north-west  of 
Th^rouanao. 

232.  {Chairman.)  Because  you  find  older  rocks 
than  the  coal  to  the  west  of  it  ? — Yes,  because  you 
have  an  uprise  between.  Now  Dnmont  himself,  and 
all  the  old  French  geologists  and  raining  engineers, 
had  taken  it  into  their  heads  that  there  was  a  necessary 
connexion  between  the  band  of  the  Fas  de  Calais  and 
of  the  Department  du  Nord  and  the  coal  of  tlie 
Boulonnais.  Henco  it  was  that  they  fruitlessly  sank 
a  great  deal  of  money  in  research  in  that  direction. 
The  actual  workings  finally  defined  the  true  position 
•of  the  band,  which  was  considerably  to  the  noi-th  of 
what  was  supposed.  We  will  now  turn  to  the 
Boulounais.  Your  Chairmui,  I  know,  has  written  a 
paper  upon  the  improbability  of  the  extension  of  the 
Franco-Be^ui  coal  into  our  area.  I  did  not  hear  the 
paper  read  at  Nottingham. 

( Chairman.)  The  prodtictive  coal  field. 

(Mr.  Godwin- Austen.)  I  heiird  what  the  points  of 
the  paper  were,  and  I  underetood  that  Sir  llodeiiek 
had  contended  that  in  our  south-cast  districts  there 
wa8  on  coal,  because  it  had  stopped  before  it  got  here  ; 
or,  if  it  was  carried  on,  the  coal  would  be  of  the  same 
worthless  description  that  it  is  in  the  Boulonnais. 

233.  ( Chairman.)  Pardon  me,  I  never  said  that  it 
ceased,  but  I  said  that  the  very  little  patch  of  coal 
which  Avas  connected  with  the  mountain  limestone  in 
a  portion  of  the  Boulonnais  was  a  very  bad  indication 
of  the  probability  of  the  extension  of  productlvo  coal 
under  England  ;  seeing  that  the  Devonian  limestones 
in  the  immediate  neighbourhood  were  covered  by 
Jurassic  rocks ;  that  was  my  ai^umcnt  ? — I  passed 
some  time  in  making  out  this  Boulonnais  district,  and 
I  have  not  put  in  anything  older  than  the  mountain 
limestone  on  the  small  map  I  now  produce  for  the 
j)ui'poses  of  to-day,  togethei"  with  the  coal  seam  there 
worked  ;  it  represents  the  structui-e  of  the  coal  field 
rather  difiei'ently  to  what  has  been  done.  Sir  Roderick 
Maid  that  we  could  not  expect,  even  if  the  coal  was 
continued,  better  coal  than  we  had  in  tho  Boulonnais. 
To  this  I  would  remaric,  that  the  mal  of  the  Boulonnais 
Is  not  at  all  tho  conl  of  the  Belgian  band,  and  which 
I  have  conjecturally  represented  na  extending  west 
from  the  Pas  de  C^ais.  It  is  nut  considci-cd  of  the 
same  geological  period. 

234.  {Chairman.)  In  point  of  fact  it  is  so  bad  that 
though  used  by  a  few  blacksmiths  it  has  never  been 
extensively  worked?— No,  not  so.  The  whole  of  this 
coal  band  from  Westphalia  op  to  this  point  overiies 
the  mountain  limestone. 

{Mr,  DickinMn.)  If  the  coal  is  used  by  the  black- 
smiths it  shows  that  it  is  good  coal. 

{Chairman.)  But  its  extent  is  so  small  that  it  is  not 
considered  by  the  people  themselves  of  any  value 
whatever. 

{Mr.  Godwin -Austen.)  The  position  of  the  Boulon- 
nais coal  seems  to  be  this  : — the  resident  engineer  of  the 
Hardinghen  company  (who  went  with  me  there), 
owing  to  the  structure  of  this  coal  field,  at  one  time 
Buppofiod  that  there  had  been  an  enormous  fold,  and 
that  the  coat  measures  had  been  doubled  upon  them- 
selveB^  and  were  abut  in  in  a  great  pocket  of  the  moun- 
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tun  iimestone.  But  agauut  that  there  was  this  circum- 
stance, that  a  definite  band  of  black  cherty  limestmie 
caps  the  lower  mountain  limestone,  and  that  the 
upper  mountain  limestone  is  totally  distinct ;  and 
you  will  see  that  the  subordination  of  the  coal  to 
the  carboniferous  mountain  limestone  has  now  been 
very  accurately  made  out.  There  can  be  no  doubt 
that  tho  Carri^i*o  De  Na)ioleon  limestone  is  totally 
distinct  from  the  other,  or  that  of  Hautbanc.  The 
band  which  becomes  of  importance  in  the  Boulonnais 
is  intermediate  between  the  upper  and  the  lower  lime- 
stones. It  occurs  in  Belgium.  Mens.  Dumont  in  his 
map  indicates  it.  It  is  of  no  great  thickness  there  ; 
but  in  the  same  way  as  the  lower  coal  measures  thin 
away  from  Belgium  and  from  Westphalia  westward,  it 
appears  that  this  band  thicks  out  in  the  same 
direcdon,  namely,  westward,  so  that  in  the  Boulonnais 
it  is  of  considerable  importance.  There .  is  a  great 
mass  of  BMids  intermediate  between  the  limestone. 
The  structure  of  the  basin  too  is  not  quite  as  simple  as 
it  has  berai  represented,  but  at  the  Bois  de  I'Aulne 
there  is  a  saddle  and  a  fold.  In  tho  Bois  des 
Roches  you  see  the  position  of  the  coal  between  the 
limestones  ;  and  it  is  not  at  all  difficult  to  trace  the 
band  as  I  have  there  laid  it  out.  It  crops  out  upon 
the  suiface,  and  you  can  still  see  the  old  engine  housra 
where  coal  has  been  raised  through  the  oolite  for- 
mation. 

235.  {Chairman)  Then  you  consider  that  the  little 
patch  of  coal  which  is  visible  in  the  Boulonnais  ia 
subordinate  to  the  mountain  limestone  ? — It  ia  inters 
mediate  between  the  upper  and  the  lower  mountain 
limestone,  and  it  baa  nothing  to  say  to  any  coal  whidi 
is  worked  in  France,  in  Westphalia,  or  in  Belgium. 

236.  (Mr.  IVeslwich.)  To  withm  what  distance  of 
the  coast  has  it  been  tiraced  ? — The  nearest  part  has  been 
in  n  line  team  Marquise  to  Calais,  and  it  has  been  cut 
ap<ni  in  anew  line  of  railway  from  Calais.  [^Scb  Notice 
sur  le  Bos  Jioulonnais,  par  M.  RigauU,  p.  7.] 

237.  What  distance  is  it  from  the  coast  ? — About 
five  miles.  I  have  mai'ked  the  position  of  the  nearest 
bed.  That  is  the  position  of  a  small  exhibition  of  the 
npper  mountain  limestone.  In  addition  to  that^  I  may 
state  that  the  stmctare  of  the  whole  Palsozoic  area  of 
the  Boulonnais  is  shown  by  beds  lower  than  the 
mountain  limestone,  which  come  out  to  the  south  of 
Itinxent.  So  that  here  jon  have  a  basin,  as  shown  in 
the  map,  in  the  middle  of  whidi  ia  the  monntun  lime- 
stone, with  this^subonlinato  band  of  coal.  On  the  south 
the  strata  are  pitching  to  the  north ;  so  that  the 
structure  of  this  part  of  the  Boulonnais  is  identical 
with  what  I  have  represented  as  that  of  the  coal  field 
of  the  Condroe. 

238.  ( Chairman,)  What  is  the  maximom  thieknesa 
of  any  of  the  coal  which  is  subordinate  to  the 
mountain  limestone  in  the  Boulonnais  or  the  Fas  de 
Calais  ? — It  is  very  difficult  to  determine,  because  the 
beds  are  so  disturbed.  At  Locquinghrai  they  appear  to 
be  thickest,  hut  it  is  difficnlt  to  measure  them  at  that 
point. 

239.  Is  uot  that  a  long  way  from  the  coast  ? — No, 
not  much,  bccautic  this  is  a  lai^c  scale  map.  I  know 
that  at  Locquinghen  they  work  five  seams.  I  think 
that  there  arc  only  five  workable  scarab. 

240.  At  Hardinghen  they  oie  very  thin  ?— Yes.  I 
do  not  quite  agree  with  Sir  Roderick  as  to  their 
unimportant  nature,  because  they  have  been  worked 
for  more  than  a  century,  and  they  have  been  remu- 
neratively worked  ;  but  we  have  nothing  of  die  ,Bort 
here. 

241.  Do  you  admit,  or  not,  that  the  coal  is  better 
as  it  is  non -subordinate  to  the  mountain  limestone, 
which  comes  out  near  tlie  coast  at  Boulogne,  and  is 
much  attenuated  compared  with  what  it  is  in  the 
eastern  part  of  its  range  ?  —  This  anthracite  of 
Dumont,  which  intervenes  between  the  upper  and 
lower  mountain  limestone,  appears  to  thicken  west' 
ward ;  so  that  it  is  workable  in  the  Bonlonnais, 
although  it  is  not  worth  going  after  it  in  any  put  of 
Belgium. 
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CArboniferous.  There  is  no  part  of  the  Oolitic  series 
beneath  London,  nor  beneath  Harwich,  nor  beneath 
Ostend ;  there  are  no  secondary  rocks  beneath  the 
chalk  over  that  area.  As  far  north  as  Bruxellee  there 
is  nothing  intennediate  between  the  Patteozoic  and  the 
ci'etaceoue  series.  The  condition  of  the  country  as  to 
the  order  of  geological  sequence  is  the  same  here  as  it 
is  over  the  Bel^c  area  so  far  north  as  beyond 
Brnzelles. 

260.  Do  you  bdiere,  and  do  yon  state  that  Frofessor 
Fhillips  belieres,  that  the  fiM^  discovered  at  Har- 
wich indicate  that  the  beds  were  below  anything  like 
a  productive  coal  field  ? — have  no  doubt  that  what 
was  reached  there  were  those  known  in  Westphalia 
as  the  Posidonomyen-schiefer. 

261,  (Professor  Ramsay.)  Is  it  cleaved  ? — Yes. 

262,  The  specimen  from  Harwich  is  well  cleaved  ? 
—Yes. 

263.  (Jfr.  Prestwieh.)  What  is  its  exact  geological 
place  ^It  is  at  the  base  of  the  true  earbonifei-ous 
series,  and  above  the  mountain  limestone.*  I  do  not 
know  that  any  reliance  can  be  placed  upon  the  devia- 
ticnt  o£  the  boring  tools  when  in  it,  and  therefore  I 
will  not  ai^e  upon  that ;  but  at  Harwich  you  have 
most  certainly  a  low  part  of  the  true  carboniferous 
series,  and  that  adds  cwisiderable  weight  to  Uie  con- 
sideration that  a  productive  coal-band  may  occur  in 
the  south-east  portions  of  this  country.  I  have  no 
doubt  that  between  Harwich,  where  you  have  this 
Posidonomyen-schiefer  series,  and  our  North  Wealden 
escarpment,  which  here  represents  tlie  Boulonnais 
escarpment,  and  both  which  are  in  strict  parallelism 
with  the  strike  of  the  old  Palseozoic  rocks,  the  whole 
of  that  area  which  undfirlies  the  chalk  is  Palseozoic  of 
different  ages,  irom  one  part  or  another,  and  the 
<Hily  question  is  in  what  pai-t  is  it  carboniferous.  In 
Belgium,  upcm  the  meridian  of  Mons,  rocks  much  older 
come  hard  upon  the  coal  basin  on  the  south  ;  but  we 
also  see  all  the  members  of  the  carboniferous  lime- 
stone series  spreading  out  west ;  and  this  identification 
of  the  Fosidonomyen-scJiiefer  at  Harwich  is  in  exact 
conformity  with  tiie  line  upon  which  you  would  place 
it ;  it  is  the  rety  position  where  you  would  expect 
some  part  of  the  lower  coal  measures  to  exist,  from  the 
geological  structure  of  Central  England  and  North 
Belgium  and  Westphalia.  If  such  is  the  case,  it  is 
almost  imp(»sible  to  resist  the  impression  that  in  some 
intermediate  position,  as  along  the  line  of  the  Thames 
valley,  you  have  a  continuation  of  the  Belgian  and 
French  coal  basin  passing  along  in  a  westward  direc- 
tion. I  mean  that  you  have  an  extension  of  the  coal 
field  of  the  Pas  de  Calais.  If  I  have  rightly  i-eatored 
these  conditions  conjectural ly,  the  coal  beds  would 
occur  beneath  our  area  to  the  north  of  the  Kentish 
chalk  range,  extending  out  here  in  a  westward  direc- 
tion, and  the  pi-oductive  beds  would  thicken  in  the 
county  of  Kent,  that  line  representing  the  sti-iko  of 
the  supposed  cool  basin.  W^  I  a  Kentish  or  Essex 
landownw  I  should  be  veir  much  disposed  to  sink 
along  a  line  parallel  to  the  chalk  escarpment  of  Kent ; 
to  the  north-east  of  it. 

264.  At  what  distance  from  it? — cannot  say 
exactly ;  but  I  will  call  attention  to  something  pre- 
sently which  will  show  that  one  edge  of  the  coal- 
band  may  go  near  to  the  line  of  the  escarpment. 

264.  Would  your  line  go  near  to  the  mouth  of  the 
Thames  ? — Yes.  I  think  there  is  a  sinking  going  on 
there  now,  which  is  very  important.  I  believe  that 
afterwards,  by  Bromley,  the  Une  turns,  and  then  goes 
along  with  the  escarpment  as  far  as  Famham  in  the 
county  of  Surrey. 

266.  {Chairman.)  As  respects  the  probability  of 
there  being  any  productive  coal  to  tlie  north  of  this 
2one  in  the  Pas  de  Calais,  which  yon  say  is  upon  the 
edge  of  the  millstone  grit,  is  there  any  indication  in 
France  of  aoTthing  like  productive  coal  to  the  north 
of  that  zone  t^No.  There  has  been  no  research  in 
any  part  to  the  north  of  Calais,  and  I  do  not  think 
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that  it  ought  to  be  ^couraged,  because  you  have  not 
carried  it  quite  enough  along  the  low  ground  between 
that  and  Dunkirk.    But  you  have  proved  mountain 
limestone  over  a  very  large  area  there.    This  Francti- 
Anglian  basin,  if  restored,  would  bring  in  the  mountain 
limestone  upon  both  sides.    The  mountain  limestone 
b  of  such  an  enormous  thickness  in  the  Boulonnais 
that  it  naturally  exists  upon  our  ude  of  the  channel. 
It  is  upon  those  considerations  that  I  hara  imagined 
that  if  a  prodnotive  coal  field  is  carried  on  into  our 
area  fnnn  the  ^ar(k  of  France  urea,  it  couforms 
generally  to  the  line  of  the  valley  of  the  Thames, 
until  it  meets  the  valley  of  the  Kennet,  and  that  thai 
it  turns  away  ;  that  it  is  parallel  to  the  chalk  escarp- 
ment of  Kent  OS  far  as  the  Medway,  and  that  then  it 
runs  parallel  to  this  part  of  the  Weald  which  repre- 
sents the  Hog's  back,  and  Ihe  hills  from  Maidstone  to 
Famham;  and  that  finally  it  goes  out  and  conducts  us 
to  that  coal  field  known  as  that  of  Bath  and  BristoL 
At  the  last  meeting  of  this  Committee  great  stress 
was  laid  upon  the  fact  that  the  BristoL  coal  field  was 
bounded  by  mountain  limestone.    I  do  not  attadi 
any  importance  to  that,  because  this  is  the  only  place, 
along  the  whole  of  this  line  of  great  east  and  west 
distnrbance,  (which  really  goes  round  the  whole  globe,) 
which  comes  in  contact  with  a  well-known  line  of 
north  and  sooth  disturbance ;  but  as  this  east  and 
west  disturbance  was  what  miners  call  the  master 
line  of  disturbance,  it  did  not  much  afiect  it.  It 
has  produced  an  opening  in  this.  part,  of  the  basin, 
and  even  if  there  should  come  to  be  indications  that 
there  is  a  twisting  round  of  the  limestone,  of  which 
there  is  no  evidence  whatever,  I  do  not  think  that,  it 
is  of  any  importance,  when  compared  with  the  question 
whether  the  great  mass  of  coal  which  comes  down 
from  the  north,  and  c«mects  itself  with  this  Bristol 
cool   field,  with  the   exception   of  a  few  inter- 
ruptions caused  by  occasional  up-thrust  portions  of 
mountain  limestone,  did  not  extend  down,  and  so 
connect  itself  with  those  low  fiat  areas  which 
bordered  the  islands,  and  the  great  masses  of  land  m 
that  neighbourhood,  over  which    the  gi-eat  coid 
measures  probably  were  fin-med.   I'have  distinguished 
between  the  two  descriptions  of  coal ;  the  low  level 
and  the  upland.   In  the  lower  measnres  it  formed  in 
swampy  places,  at  the  water  level  of  the  region.    It  is 
different  with  the  higher  measures,  which  were  formeii 
iu  the  high  regions  of  that  period,  such  as  in  the 
centre  of  France  and  in  paits  of  the  Alps,  namelv, 
whci-e  the  cai'boniferous  series  of  the  Alps  is  found. 
With  respect  to  the  English  area, — ours  were  in 
the  condition  of  fi*csh-water  areas,  and   of  great 
extent,  these  conditions   alternated  with  those  of 
swamp-growths, — it  was  a  set  of  conditions  veiy  like 
what  may  be  met  with  in  America  now,  extending 
from  the  State  of  New  York  to  Florida,  where  there 
are  great  lagoons,  partly  of  fresh  water,  pfu*tiy  hrackisfa, 
and  partiy  of  sea  from  which  these  areas  are  divided 
by  low  sandbanks.    I  imagine  that  those  were  the 
conditions  under  which  most  of  our  coal  was  ibrmed, 
there  being  great  influxes  of  fresh  water.   In  the  great 
Liege  coal  field  the  fresh-vrater  shells,  and  the  acardljr 
of  marine,  are  sufficient  to  show  that  the  whole  of  it  was 
a  f re  eh- water  formation  over  a  subsiding  area. 

267.  {Mr.  PrcMtmck.)  Yon  would  be  disposed  thea 
to  cany  the  line  of  |ffobable  coal  measures  under  the 
valley  of  the  Thames  ?—Tes;  along  the  vallcj  of  the 

Thames. 

268.  To  what  geological  period  would  you  assign 
the  red  sandstones  reached  at  the  Kentish  Towa 
boring  7 — ^I  saw  some  large  quartz  pebble  beds. 

269.  There  were  200  feet  of  sandstones  ?— I  do  not 
know  what  they  were ;  but  I  believe  that  yon  saw  with 
me  the  slun^e  beds  at  the  base  of  the  cretaceous  Kiies 
of  Belgium.  There  are  two  ages  in  Belgium  of 
shingle  derived  from  Palteozoic  rocks,  uid  one  of 
them  underlies  the  cretaceous  series  throughoot  the 
whole  of  that  countiy.  I  should  be  very  much  dw- 
posed  to  look  upon  the  shingle  beds  at  the  base  of  the 
c^utlk  At  £enti^  Town  as  being  referable  to  that  age. 
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Belgian  coaI  field  ?  Is  there  the  preeence  of  a  large 
intermediate  body  of  rock  like  the  Pennant  nit,  in  the 
Belgian  coal  field  ? — No  ;  excepting  that  the  unpro- 
ductive parts  of  the  aeries  thicken  out  in  the  directitm 
of  Pnuaia,  and  thin  awsjr  as  70a  go  westward ;  and 
going  westward,  again,  70a  Jiave  an  enonnous  amount 
of  sedimentary  aocumnktions  without  coaL  The 
thidmesB  of  sandstone  and  other  beds  is  very 
remarkahle. 

284.  Taking  the  total  coal  measures  in  Belgituo,  in 
which  direction  do  they  thicken  ?  Can  yon  give  us 
the  thlckuesB  of  the  coal  meaeures  in  the  east  of 
Belgium  and  iti  the  weat  of  Belgium  ?— As  far  as  the 
upper  seama  of  the  bituminous  coal  are  concerned, 
.there  is  do  deterioration  as  compared  with  the  west. 
The  decrease  in  the  thickness  of  the  coal  measures  is 
owing  to  the  diminution  of  the  sedimental  deposits 
which  generally  nnderlie  the  coal  eastward. 

285.  Then  the  coal  measures  themselves  thin  as 
they  trend  westward  ? — Yes  ;  but  in  the  Pas-de- 
Calais,  taking  the  thickness  of  the  beds,  thOT  are 
infinitely  more  productive  than  in  the  east  of  Bel- 
gium, where  the  whole  formation  is  three  times  as 
thick. 

286.  What  is  the  total  thickness  ?— It  is  yerj  diffi- 
cult to  say,  because  they  are  so  twisted  and  turned 
about 

287.  (Mr.  Dtckimon.)  Is  not  that  twisting  and 
turning  another  feature  of  resemblance  between  the 
Belgian  and  the  Somersetshire  fields  ? — ^Yes  ;  it  is  the 
consequence  of  the  great  fault  which  has  broken  up 
this  coal  field,  and  saved  it  upon  the  northern  side. 

288.  Do  Ton  know  the  Fembn^eshire  coal  field  ?— 
Yes, 

289.  Do  you  know  that  it  ia  simply  a  coal  field 
upcm  the  mnihem  aide? — ^Yes ;  and  I  might  have 
shown  how  Uus  line  of  disturbance  affects  beland  in 
the  same  way. 

290.  {Profesaor  Bam$i^.)  Have  you  Uionght  of 
any  ^t  witiiin  the  Wealden  area  where,  if  you  sank 
for  coal,  you  would  look  upon  it  as  the  most  &vour- 
able  ? — ^No.  A  little  time  back  there  was  a  well  at 
New  Cross,  which  went  through  the  whole  of  the 
cretaceous  series  down  to  the  ganlt 

291.  {Chairman.)  The  gault  is  only  half  way  down 
the  cretaceous  series  ? — The  lower  greensaiid  in  the 
Boulonnus  and  at  Caliufl  hu  thinned  away  to  nothing 
and  I  imagme  tiiat  that  ia  the  case  all  abng  the  line 
of  the  Thames  yailif.  As  ISi.  Frestwich  knows,  it 
ia  reduced  to  a  very  little  indeed  at  Calais,  and  it 
begins  to  thicken  away  south  from  Calais.  We  have 
every  reason  to  suppose  that  beneath  London  the 
greensand  is  as  nothing  compared  with  what  it  is  in 
die  hills  of  Surrey  and  Kent.  I  should  not  have  been 
at  all  astonished  to  hear  that  had  you  gone  below  the 
gault  at  New  Cross  you  would  have  found  that  there 
was  very  little  greensand  there;  and  in  the  same 
way,  I  think,  that  it  will  be  wanting  over  a  large 
area  of  Paleozoic  rocks  going  north  again.  The  fact 
is,  that  the  lower  beds  of  the  cretaceous  series  in 
Cambridgeshire  and  elsewhere  show  that  there  ia  a 
thinning  out  of  that  part  of  the  cretaceous  series. 

292.  {Profettor  Bamsay.)  Then  you  thmk  that 
Nev  Cross  would  have  been  aa  good  a  place  to  have 
continued  to  sink  as  aOTwhere  ? — Tea ;  and  I  think 
that  at  the  mouth  of  the  Thames,  in  the  low  ground,  it 
would  have  been  a  good  tiling  for  the  Grovemment  to 
encourage  it.  Widt  respect  to  Harwich,  J  have  no 
doubt  that  you  have  the  lower  part  of  the  true  car- 
boniferous series. 

293.  {Chairman.)  But  the  unproductive  part? — 
But  suppose  that  you  had  met  with  the  Posidonomyen- 
schiefer  at  any  one  of  these  Belgian  dial  shafts  

294.  (  ChairmoM  interrvpting, )  But  we  are  speaking 
of  England.  Ccnnpare  English  things  with  Engliu 
things ;  it  is  a  portion  of  the  carboniferous  limestone 
of  England  ?  —  Yes.  If  we  go  into  Devonriiire, 
there  is  elate  there ;  a  great  deal  of  the  rof^iffi  slate 
there  is  from  the  Posidonomyen-schi^iart  and  abomt 
the  equivalent  of  the  mountain  limestone. 


270.  I  think  that  that  is  probable ;  but  they  would 
be  perfectly  independent  of  the  sandstones  which 
nnderlie  the  pebble  bed  ? — 1  see  no  reason  to  suppose 
that  there  is  any  member  of  the  red  sandstone  there. 
Both  divisions  of  the  red  sandstone  series,  the  lower  and 
the  newer,  are  wholly  wanting  over  North  Belgium. 

271.  {ChairmaH.)  Ia  there  not  some  triae  ? — ^Na 

272.  {3fr.  J^stwiek.)  If  you  are  inclined  to  believe 
that  the  Somersetshire  coal  field  forms  one  end  of  a 
long  series  of  coal  measures  extending  into  Belgium, 
can  you  trace  any  similarity  in  the  organic 
remains  or  in  the  aiTangement  of  the  beds  ? — Do  you 
mean  whether  the  coal  plants  of  the  Bristol  coal  field 
correspond  with  the  coal  plants  of  the  other  portions  ? 

273.  Yes.  On  the  last  meeting  of  the  Coinmittee 
it  appeared,  from  the  evidence  of  Mr.  Etheridge  and 
of  Professor  Ramsay,  that  the  South  Wales  coal  field 
and  the  Somersetshire  coal  field  show  sufiicient  cor- 
relation to  point  to,  they  being  parts  of  one  cosl 
field  ? — The  Belgian  coal  fields  have  a  correspond- 
ence with  the  Welsh  coal  fields  as  respects  the 
])lant8.  There  arc,  I  think,  30  species  conuion  to 
the  two. 

274.  (Chairman.)  Would  not  that  apply  to  some 
coal  fields  in  America  ? — Quite  so. 

275.  {Mr,  Dickinson.)  Is  not  there  a  difference  in 
tlie  character  of  the  two  coals  ? — With  respect  to  the 
chai-acter  of  the  coal  of  Belgium  there  are  three  or 
more  descriptions,  such  as  the  houille  grasse,  the 
demi-grasse,  and  Fl^nu  or  gas  coal.  With  respect  to 
the  most  important  section  of  the  Mons  coal  field, 
which  ia  the  Charbon  do  Fresne,  the  whole  of  that 
condition  of  demi-grasse  coal  is  merely  from  tiie 
position  of  the  bedis,  and  from  its  having  lost  a 
portion  of  its  hydrogen  in  consequence.  As  a  general 
rule,  where  you  have  a  long  succession  of  beds  of 
coal,  80  beds  and  more,  as  in  the  Li^  district,  the 
lowest  coal  is  the  least  bituminous  coal,  and  it  becomes 
more  bituminous  as  it  ascends  is  tiie  series  ;  but 
when  you  hare,  as  in  this  cas^  a  bituminous  coal 
altogewer  losing  that  property,  and  connected  with  a 
local  condition,  I  tliink  tiiat  yon  m^y  put  the  whole 
question  of  descriptions  of  coal  as  one  of  superinduced 
diemical  change. 

276.  Is  there  not  a  similarly  between  the  South 
Welsh  and  the  Belgian  coal  which  does  not  agree 
with  any  coal  in  the  North  of  England  ? — ^Yes.  The 
resemblance  of  the  Belgian  coal  with  that  of  the  West 
of  England  ia  very  striking. 

277.  That  is  upon  the  Une  of  the  great  fault  which 
you  have  been  pointing  out  ? — ^Yes. 

278.  (Professor  Rmmay.)  Do  you  suppose  that  the 
whole  of  the  area  between  tiie  north  and  south  .chalk 
escarpments  of  the  Weald  underneath  the  secondary 
rocks  is  occupied  by  coal  measures;  or  that  there 
may  be  saddles  and  backs  of  carboniferous  timesttme 
rising  up?— If  it  was  completely  denuded  I  should 
expect  to  find  it  exactly  corresponding  with  the 
Condros. 

279.  {Chairman.)  Witiiont  much  productive  coal? 
—With  only  the  lower  coal  measures. 

280.  {Professor  Ramsay.)  But  with  none  of  the 
upper  coal  measm'eB  P — Just  so.  I  refer  to  the  lower 
part  of  the  upper  coal  measures  simply  because  the 
coals  which  you  have  near  I^tnant,  imd  in  such  situa- 
tions, are  all  members  of  the  lower  coid  series.  AU 
the  outlying  coal  fields  south  of  the  great  coal  band  v/t 
Belgium  belong  to  the  lower  coat. 

281.  {Chairman^  If  you  were  to  make  a  sinking 
at  Ashbumham,  or  somewhei'o  thereabouts,  in  the 
very  lowest  denudation  of  the  Weald,  would  you 
expect  to  find  anything  bke  a  productive  coal  field 
there  ?— Certainly  not.  I  should  expect  to  find  moun- 
tain limestone  and  miUatmie  grit ;  but  upmi  the  nortii 
side,  in  the  line  of  depreeaion  which  corresponds  with 
the  Belgian  line  of  depression,  I  shoold  expect  to 
find  true  coal  measures. 

282.  (Mr.  Prestwick.)  That  is  parallel  with  the 
valley  of  the  Thames  ?— Yes. 

283.  Can  you  trace  any  distinct  resemblance  in 
sti-ucture  between  the  Somersetshire  coal  field  and  the 
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,295.  {Mr:  iVuftroeX.)  Then  ^onr  evidence  goei  to 
diow  tha^  DOtwitbetanditig  the  coTait)]|  of  secondiuy 
roeks  in  the  south  <rf  Kngland,.  tou  consider  that  Aere 
is  reason  to'  believe  that  the  Palgeozoic  rocks  pass 
under  them  at  no  great  depth  ?-r-Yet.  I  think  that 
they  are  connected  from  the  Boulonnais  with  those  of 
Somersetshire,  and  that  our  area  ipdicates  an  Brea  of 
denudation  of  old  date  Hke  tibat  of  Condrop.  There 
is  one  ofifaer  point  to  which  I  shotild  like  to  resfer 
l^efore  I  conclude,  ipfiich  is  this  i.lVhen  a  certain  tunnel 
was  cut  thxoi^  the  chalk  for  the  London,  Chatham, 
and  Dover  line,  about  4.  few  miles  from  Dover^  they 
came  upon  a  greflt  m«B8  of  a  black  substance.  The 
position  of  tiae  mass  was  across  the  tunnel ;  but 
file  mils  were  onfy  open  for  a  short  time,  as  ther^^ 
■wfSKQ  forced  to  'lnidt  it  up.  This  mass  did  not  lie  in 
the  plane  of  the  bedding  of  the  chalk,  but  it  cut  across 
the  tunnel  When  I  ftret  saw  the  specimens  I  thought 
that  it  was  coaL  It  is  very  compact,  and  in  parts  Uke 
cannel  coal,  but  its  specific  gravity  and  ita  composition 
showed  that  it  was  not  ordmary  coal  at  all,  aiid  that 
it  was  a  bituminous  mass.  I  look  upon  that  as  very 
important  in  connection  with  this  subject.  I  imagine 
that  a  fissure  in  the  chalk  must  have  been  created  at 
some  femote  period,  and  Aat  .1^  1^  position  of  those 


bedsl  b^g  8a^>^<>^  to  the'  ctt^xmiferonB  strata  now 
underlying  tbemi  Aie  whele. '  mass  of  bituminooB 
niatter  then  formed  had  escaped  from  the  coal. 

296.  (CTiwrman.)  That  it  had  escaped  upwards  ? 
Tes.  ■  That  is  one  of  the  placja  where'  coal  at  some 
date  or  other  might  be  fairly  e^e.-tc-d. 

297.  (Jfr.  PrestiDich.)  Had  not  it  bll  the  appear- 
ance of  a  great  block  of  coal  much  weathered  and  much 
altdfed  by  exposure? — No.  The  engineer  infonned 
me  that  they  never  saw  the  foil  extension  of  it.  They 
cut  clear  through  it,  and  the  section  of  the  mass 
was  to  be  seen  on  either  side  of  the  tmmel. 

298.  {Mr.  ZHckijtson.)  And  that  is  upon  the  line 
which  yon  have  drawn  between  Belgium  and  S(Rner- 
eetshire  ? — Tes  ;  tiiat  is  the  only  indication  whv±  I 
know  of  bituminouB  matter  eidsting  below. 

299.  {Mr.  Geddea.)  Wu  there  no  fimlt  obserred 
there  on  dtherside? — ^The  tunnel  had  been  driven 
through  a  mass  of  chalk. 

300.  Was  there  no  fault  upon  either  side  ? — If  it 
was  a  fault,  the  coal  filled  the  whole  of  it 

301.  It  might  have  been  a  sh^ey  subtance? — No; 
it  was  a  highly  inflammable  bituminous  mass.  Here 
is  a  block  of  it  at  Somerset  House,  which  may  be 
seen  by  any  membw  of  the  CommiaBi(HL 


[The  Chainnan  vao^ted  the  chair,  and-  it  wm  thoaltakeii  by  Vrt^emm  Bamwy.] 
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Sir  RoDBRiOE  Ikpst  Mubchison,  Bart.,  E.C.B.,  D.CJU,  tliD^  F.B.S.,  exanuned. 


{Sir  Roderiek  MwckUon.)  I  have  heard  with 
great  satisfoction  tiie  explanation  of  the  luminous 
geologicfd  vieitv  which  iny  friend  Mr.  GrodwiQ.- 
Austen  has  pnt  for^  and  I  am  delighted  to  find  lliat 
to  a  great  extent  they  support  the  opinion  which  I 
have  long'  ICeld.   Thronghont  the  paper  which  I  have 
published  on  i^e  sttlijeet,*  I  never  oontended  that  the 
lower  carboniferous  and  unproductive  rarboniferous 
rocks,'  such  as  the  mountain  limestone  uid  millstone 
gritj  might  not  exist .  under  the  younger  'secoud- 
ary  rocks  of  the  south  -  of  England;   But  I  sMd  that 
in  the  south-west  of  England  and  Wides,  where  sndi 
rocks  exist,  no  coal  ocean  in  them.  Thus,  in  the  Bris- 
tol aud  Somersetshire  basins^  ot  in  the  Soitth  Welsh 
basin,  there  is  not  a  trace  of  workable  .coal  sub- 
ordinate to  die  monnlain  limestraie.    I  do.  not  contend 
against  any  portion  of  the  views  of  Mr.  Godwii*- 
Austen  as  respects  the  condition  aqd.:relatioQS  of  the 
coal  field  of  Belgiun),  or  Valenciennes  ;  but.  that 
reaaouiug  is  inappUoHbie  to  the,  Aotm  of  the  Irtish 
Channek   I  a»  ti^ft  practical '  9Ue||tioa,  Ik  diere  a 
probable  continuation  of  any  mass  of  coal  which 
18  worthy  th^^  attention  of  the  nation,  if  we  judge 
from  the  stjrc^iture  of  that  part  of  France  which 
13  immediat^y  opposite  to  our  own  country  ?  Now, 
on  this  point  Mr.  Austen  has  shown  you  con- 
clusively that  the  small  patch  of  coal  in  the  Bou- 
lonnais, wiuch  I  call  a  miserable  patch,  is  sub- 
ordinate to  and  interpolated  in  the  mountain  lime- 
stone.'  In  our  own  country,  and  in  an  ^tension  to 
the  west,  we  have,  I  repeat,  no  evidence  whatever 
of  any  coal,  even  to  the  extent  of  such  a  poor  patch 
as  occurs  in  the  Boulonnais,  being  subordinate  to  the 
mountain  limestone.    We  have,  on  the  contraiy,^ear 
prtx^  that  no  such  things  exist  in  these  latitudes, 
because  our  coal  basins  of  Bristol  and  Sooth  WoUs 
,  are  so  con^letely  exposed  from  the  t(^  to  the  bottom 
as  to  leave  qo  doubt  of..^at  &ct.   Whilst,  therefore, 
I  have,  all  along  said'  t^t  monntain  limestone  or 
Devonian  limestone  and  other  FalsMwrac  rocks  might 
be  found  in  this  English  area,  I  do  not  believe,  judg- 
ing from  the  wretched  appearance  of  the  'coal  in 
'the 'Boulonnais,  and  also  froin  what  has  been  found  in 
the  sinkings  at  Calais  and  Ostend,  that  any  produc- 
tive  eofd  will-be  found'  iiodet  'aay  poPtftSn  m  Ae  east 
•of  Sussex,  or  'in  Keiit  op  Middlesex,'  or  t^e  adjacent 
tracts.   I  have  stated  my  vicfws  two  years  ago,  in  the 
,  painphiet  which  I  bold  in  iiy  •  batad^-and  I  have  seen 
-  W  i«asOir whatever  -te  alter  theiu ;  bht  I  Wish  td  make 
•  -Wbatl  coarideir'stt  itftpoFtimt  edditieb  to  them;  -  I 
have  already  asBigned  teaeoasin  this  ptmphlet  for  ilot 


believing  that  any  productive  coal  will  ever  be  fimnd 
hi  the  sonthem  counties  of  England,  and  have  also 
shown,  from  the  character  of  lue  fondamenfal  nx^s 
between  ^onlt^e  and  Calaie^  that  the  poor  and  this 
ooal  there  exhibited  affbrds  no  h<^  of  a  prodQctive 
coal  field  in  the  same  Utitudee  in  England ;  bsi 
ft  'is  now  adn^ed  hy'Hr.  Oodwfn-Ansten,  that  the 
great  coal  field  of  Valenciennes  thins  out  regnlariv 
as  it  ranges  westward,  and  disappears  before  it 
reaches  the  British  Channel.  In  fact  I  have  bow  no 
longer  any  reason  to  dwell  upon,  the  westward  dimi- 
nution of  the  Valenciennes  coal  field,  became  it  » 
also  admitted'  by  all  French  geologists,  as  the  gen- 
logical  map  of  France  explains,  {Sir  RoJerwk  Mur- 
chiton  expknned  tkit  ffradttal  attenuation  from  east 
to  we$t  rtpon  the  map.)  This,  however,  is  an  old  mnp, 
and  the  point  has  been  already  expiated  to  yoa  by 
Mr.  Godwin- Austen. 

(ilfr.  Godwin-Awten.)  This  Is  hypothetical  (poiiU- 
inff  to      ^^)t       it  goes  here. 

{Sir  RotUriek  JtftfreAcsoff.)  It  comes  to  the  same 
thin^ ;  ue.,  the  ooal  measaree  gradually  diminish 
to  Sie  small  'width  of  ahont  half  a  l^^ae,  «t 
admitted  by  Mr.  Austen.  Nowhere  is  another  map 
{producing  a  large  map)  made  by  the  engftieei^ 
of  France,  showing  all  the  concessions  to  "-^^n  "cd&l 
made  hj  the  French  Govemmeat,  and  those '  tm 
lines  indicate  the  known  nofrth  and  south  boundsri^ 
of  this  coal  field.  This  place,  Flechenelle  (pointing  to 
the  map),  is  where  the  works  terminated.  This  is  what 
is  known ;  this  coal  field,  which,  as  Mr.  Austen  bas 
stated,  has  no  continuation  forther  west.  Wherever 
you  see  a  yellow  mark  it  is  the  Devonian  or  inferior 
limestone,  which  rises  to  the  clay,  or  is  found  under 
the  cretaceous  rocks. '''' 

'  {Mr.  Godwiti'Atuten.)  There  is  no  Devouiu 
between  the  last  point-  ma  Calais ;  it  is  all  mbmitun 
Umestone. 

{Sir  So^riek  Mureki»&nSf  This  is  (he  last  con- 
cession which  has  been  tried  {pointing  to  another  spot 
upon  the  map).   I  apprehend,  it  is  in'  the  same  siniti 
ias  thpaie  of  tne  Boufomiais,  i.e.,  associated  mountaiu 
'liMe^f dne,  -with  a  little  coal.    All  the  concession^  and 
'  'trials  art  taarked  there,  ahd  by  referring  to  the 
"  numbers  you'  ■will  see  how  the  trtie  coal  field,  so  greas 
on  the  east,  dhninisbeB  to  nothihg  in  the  west.  To 
the  south  the  rocks  are  all  marked  as  Devonian ;  and 
Mr;  Ghdwhi-Ansten  has  ^eady  tbld  you  that  tbore 
exists  a  great  fault  upon  that'  ^ide.'  It  Is  therefore 
■ 'highly  itfiprobable;  that  wheh'^e  rocks  sre  prolonged 
over  frvm  the  BonlomOis  td  the  opposite  part  of 
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England,. 70a  find  ^  j>i^oductj.Te,  co^hl  field, . witliopt 
some  sudden  expauiaitin, .  involyuig  tfli  mrpothe^vB, 
which  is  unsupported  bj  Uie  evidence  upon  the  French 
aide  of  the  channeL  Ag&in*  70U  have  no  ^oductive 
coal  in  the  northeni  part  of  the  Pas  de  Calais  ;  and  as 
tiie  insignificant  patch  of  coal  near  Boul^g^ne  is'  sub- 
onlinate  to  the  niountain  l^eatonej  is  i;t  prolttble  that 
you  wUl  fiRd  EogUuid  anything  more  productive  ? 
Mr.  Anstoi  has,  it  appears  to  me,  much  strengthened 
the  evidence  against  the  probable  jotKiuctiTecharactjBr 
of  any  hopothetical  coal  field  existing  in  the  south  of 
England,  because  you  see  that  the  strata  opposite  to 
us  are  only  poor  coal  beds,  subordinate  to  the  moun- 
tain limestone.  For,  if  we  extend  our  view  weBtwilrd, 
and  find  that,  subordinate  to  the  mountain  limestone 
or  even  millstone  grit,  there  is  not  a  trace  of  coal, 
and  that  all  our  good  coal  of  the ^nth-west  overlies 
these  rocks,  the  inference  is  that  in  all  this  area  there 
will  be  nothing  like  a  productive  coal  field.  But 
still  ihore  is  my  convicUon  strengthened  by  further 
investigation.  In  Devonshire,  a  very  large  trough  of 
oarboniferons  rocks  (as  first  shown  hy  FrofessOT 
Sedgwick  and  myself)  is  bounded'  on  the  north  and 
soa&  by  tliose  older  Tock&  to  whidi  we  gave  Ae  name 
]>evoiiian.  Now,  all  this-  great  earbtmuerons  tract  is 
of  no  vi^ne  as-a  coal  fieldw  ■  Xt  Is  a  ala^  enlm  seriei^ 
flie  whole  oarb<niaceoiu  imiduee  of  wlddi  in  ftcfe  Is 
qnite  inragnifioant ;  and  as  it  is  at  onoe  absolntely 
covered  in  the  neighboorhood  of  Exeter,  and  all  the 
way  from  that  place  up  the  vale  of  Taunton  and 
towards  Bridgwater,  by  new  red  sandstone,  so  I  infto 
the  high  improbability  of  finding  productive  coal 
below  the  secondary  rocks  (tf  Doreet,  Wilts,  and 
Hants.  The  chance  is  indeed  worsei  than  in  the 
Eogliidi  counties  oppo«te  to  the  Bouknmais.  X  be- 
lieve,  therefor^  that  wherevm-  you  nu^  sink  tiuough 
the  supefjaoent  deposits  of  those  tracts,  if  you  Ibid 
anything  carboniferous  in  their  latitude'  it  vriU  be  in 
the  condition  of  unproductive  moastftin  lime  or  miUr 
stone  grit,  with  poor  and  traoes  causeless  oolm. 
The  gene^  theory  of  Mr.  Godwin-Austen  Is  w«ll- 
groui^ed.  But  he  must  tXhm  me  to  surest,  that  his 
original  coal  growths  must  from  their  very  nature  hAve 
been  fixrmed  in  separate  h^oons,  which  had  th&r  natural 
boundaries.  Thecy  must  liave  thickened  and  thinned 
out  in  dii&rent  places  where  they  were  originidly ' 
deposited,  and  therefore  in  their  very  wigin  they 
must  have  had  tlieir  limits.  I  have  visited  ooal  fields 
in  the  middle  of  France  and  other  countries  which 
have  been  deposited  ftt  once  upon  granite .  and 
gneiss,  without  any  of  those  intenaediate  subjacent 
rocks  which  we  have  in  other  CQunfariee,  But  those 
coalfields  cMtKot  be.  at  «dl  oonipaivd.wUlr  our -great 
uid  fully  developed  coal  fields  in  the-souA-iMs1  of 
England  and  South  Wales,  I  have  offered'  tJiese 
reasons  for'  adhering  to  the 'belief  that  in  none  of 
the  southern  counties,  particularly  within  a  reason- 
able distance  of  the  western  boundary  of  Devon- 
shire,  will  you  find  under  tiie  supeijacent  rocks 
anything  more  productive  than  the  ciilm  of  that 
region  and  its  unproductive  millstone  grits,  or  than 
the  worthless  carboniferous  strata  lying  opposite  to 
our  sduth-eastem  counties  oh  the  Shores  of  France. 
The  sinking  of  the!  well  at  Harwich  has  indeed 
brought  out  the  same  &ct.  Tou  there  get  into  the  elatey 
mountain  limestone  with  Poeiidonomya,  «  fbssil  which 
is  well  known  on  the  coast  of  Northumberluid,  in 
the  very  lowest  beds  of  the  mouitidu  Umestone.  Hence, 
I  think  tiiat  as  far  as  we  have  gone,  and  putting  aai^ 
all  theoty,  and  looking  merely  to  .Um  iacts  wh^  are 
known  to  us  upon  the  east  and  •apub.  the  mtt,  and 
looking  to  tin  stt-ueUng  of  dl  our  ooai  fields  here 
(pomtinff  to  the  mtap),  and  direlifaig-  agein  v^oa  the 
fact  that  no  productive  coal  has  bcioi  finmd  either  in 
the  millstone  grit  or  in  the  mountain  limestone  in  the 
.south  of  'Eing^and,  all  such  evidence  shows  that  it  is 
in  the  highest  degree  im[nrobable  that  any  productive 
ooal '  field  wUl  ,be  ibund  in  all  this  aouthenl  area. 
I  have  hitherto  spoken  d  what  may  possibly  be  fimnd 
beneath  the  yisanger  roeks  in  «  iaan^r  osriwnuerons  sad 
'naprodlwtiTe  flOBse.  But  it    qnite  as  probaMe  tiiat 
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the  ^till  ^olA«^  rocks  o,f  Devonian  ,age  which  rise  to 
the  surface  at -i^ulogne  on  .tlie  ea^t  wd  tvt.  Torquay 
ani  Plymbutli  in  tiie  west,  wi^  be  ipet  wiui  if  any  . 
Wuigs  be  made  in  these  southern  counties.  My  by-  aoUsKchlsSS. 
potheeis  is  founded  upon  distinct  proo&  of  outcrop 
upon  the  ^est  and  ^  the  east,  and  rests  upon  these 
soIi<i  grounds  as  respects  the  whole  of  this  southern 
area,  ioduding  London  and  Its  vicinity.  I  do  not 
therefore  believe  there  is  tb.e  slightest  probability  <^ 
ou^  finding  sjoy  productive  coal  witlun'  tfuA  area.  , 

.302.  (Pr^sssor  J3afn«<^.)' In  the  Nortty, in  France^ 
you  come  to  miUstone  grit ;  u  you  ^ent  a  littlfi  further 
north  would  you  expect  to  come,  to  '^al.  iji'easures  ? — ■ 
X  asked  that  question  of  Mr.  Austen,  au4  he  told  yoo 
that  the  sinkings  to  the  north,  as  at  Ostend,  ai'O  still 
an  unproductive  millstone  grit. 

303.  Is  the  mUlstmiB  gri^  there  in'  a  basin?— I  do 
not  kaow. 

304..  {To  Mr,  Godwin-Austen,)  Will  you  answer 
that  question  ?— I  imagine  that  it  is  so.  . 

305.  (7^  Sir  Roderick  Jiurchuon.)  That  basin  yoii 
believe  extends  westward  into  England  Yes.  Then 
I  may  say  that  it  appears  to  me  .tiiat  Mr.  Austen  does 
not  difier  much  from  my  views,  because  if  be  udmics 
that  t^ese  measures,  these  millstone  grits  and  inonn- 
tiun  limestones,  cmitain  no  coal  in  the  southywest  of 
England,  ^d  that  he  only  expects  to  find  such  rocks 
h^re  (jtointing  to  the  environs  of  London)^  wtiat  is 
the  chance  of  there  being  a  productive  coal  fiold  in 
the  south-west  of  England  ? 

{Mr.  Godwiti'Auften.)  That  is  the  whole  object 
of  my  evidence.  I  knew  the  hold  which  the  Boulon- 
nais,  had  taken  of  your  mind,  and  I  wanted  to  show 
that  the.  Bouionnais  .was  no  gnide  in  the  matter,  but 
that  if  there  vras  a  coal  band  coming  on  to  our  area  it 
in  eyeiy  way  corre^nded  to  the  coal  band  of 
Belgium  wd  tiie  Nor^i  of  France  and  that  of  South 
Wales  and  BristoL  B  is  this  opal  which  we  may  have 
in  the  Thames  yaUey,  and  it  is  the  same  coad  m  that 
whidb  yon  have  in  the  Cahua  tooogh. 

a06s.  {Sir  Soderiek  Murehita/L)  But  you  We 
Iklready  txAi  us  that  that  is  in  the  millstone  gilt  ?— 
I  call  it  carboniierouB.  If  you  will  show  me  the  true 
mUlstone  grit  I  shall  be  pe^eotiy  satisfied.  ., 

307.  If  you  can  show  that  the  great  Vajenciennes 
coal  field,  or  any  member  of  oomes  up  to  the  British 
Channel,  tiieu  ,1  should  think  that  your  theoiy  was  fair,  ' 
and  .that  there  might  be  productive  coal  in  that 
latitude  in  England ;  but  you  have  io-day  clearly 
shown  that  the  eoal  of  the  Bcolonnias  is  quite  a  loww 
coal,  and  that  I  call  quite  ind^nificuit.  I  have 
reasoned  on  tiiat  fact,  and  never  thoi^;ht  it  worthy  of 
notice,  bat  at  all  events  you  have  stated  to  us  that  it 

j»  in  tike  middle  of  the  tftouutain  Ivmeetooe  7 — I  do  not 
thiafc  th(«:  X  have  made  myself  q^te  elear.  That  coaA 
uhaxdlypartof tfa*«arboiu£aro«u4^ries.  AtHarwioh 
you  have  a  part  of  the  earbonifenxis-  series^  namely, 
the  FosidoscHneyn-sohieftr^  and  therefoM  yqu  have  a 
great  trough.     .  - 

308.  {^ivfestor  Bamt^.}  X  understand  you  to 
mean  that  the  b^ianing  of  ttie  millstone  grit  at 
GalaSs  is  a,  part  «f  a  trOugh  whieh  may  wi^Q  into 
Eng^d  ? — Yes ;  it  is  all  hypotheticaL 

309.  Sir  Soderiek  Mmrchiton.)  In  the  fixst  place, 
in  order  to  make  ont  this  gnat  trouj^.overlying  .the 
Harwich  slaty  rocks,  it  inrald  be  neeoeery  to.  show 
that  the  lower  carl^iiifercas  Umestone  nndw  Harwich 
dips  Bontitward,  and  that  there  is  a  great  amount  of 
mountain  limestone  to  be  fisnnd:  north  ?— ^Xhat  cor- 
responds to  the  axis.' 

{Sir  Bodarkk  Mmrthivm.)  What  I  .call,  abeolnte 
Jknoiriedg^  as  obtahied  npDit'the<wetfeeowt.o££raiioe 
(p^n^itff  to  ih»_  map)t  is  very  mniA  i^;*iurt  the  hypo- 
thesis, of  any  riul  coal  field  being-foiuid  in  Ekighmd ; 
and  I  repeat,  thirt  the  analog  of  the '  Bouionnais 
and  the  Pas  de  Cabas  and  Ostaud  is  decidedly  against 
tiw  Bu^tositic^ 

I  should  iQrai:to  ask  a  <|Bei^on  of  Lor^  Dncie  with 
regard-to  tim  Bristol  eoaUold;  I;  have  asked  him  to 
.tttt8ad:hi^lp*d»yjandhe<iaeirtaiiily  wbU  acqiamtod 
with  ithe  geology  of  thaooniti7KMiid.bi4«nii  reti- 
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dence  at  Tort  worth  ;  for  his  lor^ip  is  also  a  good 
fossilist,  and  well  acquainted  with  the  relations  of  the 
strata  which  crop  out  in  all  parts  of  his  property.  I 
ask  him  whether  he  has  not  found  deposits  of  second- 
ary age  lying  at  once  upon  the  mountain  limestone 
which  forms  the  eastern  rim  of  the  Great  Bristol  coal 
field ;  whether  he  has  not  found  the  lias  at  once 
deposited  upon  the  mountain  limestone,  to  the  ezolusifm 
of       intermediate  carboniferous  rocks  ? 

{JSarl  of  Dude,)  I  have  found  it  both  upon  the 
east  and  apon  the  west.  In  a 'great  number  of  places, 
in  driuning,  you  find  it  npon  the  mountain  limestone, 
and  in  one  case  in  particular,  namely,  at  Tortworth,  in 
draining,  there  were  thrown  up  masses  of  the  moun- 
tain limestone,  with  the  hare  bed  of  tiie  lower  lias  so 
joined  ^nd  so  incorptnated  with  it  that  if  I  had  not 
known  the  feesil-I  should  have  taken  it  to  be  one  stone. 
On  one  side  there  was  the  mountain  limestone,  and 
On  the  other  side  there  were  portions  of  the  lower  lias, 
but  tliey  were  joined  in  one  mess.  In  a  great  many 
places,  in  draining,  we  have  come  across  thin  beds 
of  the  liaa  immediately  overlying  the  mountain 
limestone ;  many  of  them  were  indicated  upon 
Mr.  William  Saunders'  map  of  the  district,  also  on  the 
weet  side  of  the  Bristol  between  the  lias  lies  upon  the 
mountain  limestone  to  a  very  great  extent,  in  many 
places  so  as  to  alter  the  fact  of  i^icnltmn  and  every- 
thing, though  it  Kea  in  thin  beds. 

{Sir  Ro^rick  Murckisojt.)  I  have  asked  foryoar 
eridotice.  Lord  Ducie,  on  this  point,  with  relation  to  a 
former  meeting,  when  Mr.  Freetwich  gave  his  evidence. 

however^beg  to  add,  that  I  quite  agree  in  that  part  of 
the  view  <^  Ab.  Frestwich  which  su^eats  that  tm  the 
Bouth  aido  of  tiie  Mendip  Hills  ooal  may  be  found 
between  die  mass  of  the  Mendip  and  the  soathern 
outliers  of  limestone.  There  we  may  expect  to  find 
a  fiap  of  the  great  coal  field  which  has  turned  over. 
Fix>bab)y  the  lower  portion,  the  same  portion  of  the 
coal  field  of  Somersetehire,  will  thei-e  be  found.  On  the 
other  band,  I  contend  that  there  has  been  no  evidence 
of  a  single  over-turn  to  the  east.  The  carboniferous 
limestone  there  forms  an  escarpment  with  a  dip  to 
the  west.  This  is  another  strong  reason  in  my  mind 
for  not  finding  coal  under  the  Oolitic  formations  of  this 
country,  Which  seem  directly  to  overlie  the  rocks  older 
than  the  coal.  I  therefore  called  upon  Lord  Ducie 
to  show  that  in  a  portion  of  this  country  you  have 
the  lias  restii^  at  once  upon  the  mountun  limestone. 

What  I  have  also  particulariy  dwelt  upon  tiiere  is 
the  greatest  diatmction  between  the  rich  cartxmiferons 
tract  of  Ncnlh  Somerset  and  these  sterile  lai;ge 
carboniferous  areas  of  Weet  Somerset  and  Devonshire ; 
showing,  in  fact,  an  almost  entire  disparity  in  mineral 
structure,  though  they  are  all  termed  carboniferous. 
I  repeat  that  I  do  not  disagree  with  Mr.  Austen 
that  carboniferous  hmestone  or  even  millstone  grit  may 
exist,  but  I  contend  that  in  these  southern  latitudea 
of  England  no  productive  coal  field  will  ever  be  found. 

(ilfr.  Dickenson.)  Do  you  not  think  that  some 
importance  should  he  attached  to  those  features  of 
resemblance  which  Mr.  Grodwin-Ansten  has  pointed 
out  with  regard  to  the  Smith  Wales  coal  field  and  tiie 
Somenetshue  coal  field,  and  the  (wmmeneement  of 
ibe  great  tract  weet  of  Bethune,  ^ioh  ia  a  continuous 
coal  field  to  Aix  la  Chapelle,  giving  a  length  of  many 
hundred  miloB,  thronghont  Ae  whole  of  which  nearly 
one  half  is  coal  field ;  and  if  yon  extend  further 
eastward,  passing  to  Dresden,  yon  come  to  another 
eontinnous  coal  field ;  and,  going  still  eastward,  to 
Breslau,  you  find  another  continuous  coal  field  on 
almost  the  same  latitude;  do  not  yon  think  that 
'importance  should  be  attached  to  that  sequence  of  coal 
fields  on  this  line  of  latitude,  a  lai^  portion  of  which 
is  coal  bearing  strata,  and  that  there  is  a  possibility 
that  some  portion  of  this  tract  between  the  Somerset- 
shire coal  field  and  the  termination  of  the  French 
coal  field  near  Bethune  may  be  productive  coal 
measures,  particularly  ae  at  an  intermediate  point  in 
-  the  Boulounais  there  is  the  mountain  limetone  whidi 
may  be  taken  ae  the  base  of  tiie  principal  portion  of 
,  this  «mI  field  thioughhoat?*^!  hfkve  the  highest 


admiration  of  tiie  manner  in  which  Mr.  Austen  hat 
shown  you  tiiis  gteat  and  continuous  extension  of 
Falseozoic  rocks  on  the'  continent ;  but  you  do  not 
seem  to  apprehend  the  force  of  the  argument  which 
I  have  been  urging,  namely,  on  the  comparative 
poverty  of  the  lower  part  of  this  zone  which  I  have 
been  talking  about,  and  which  alone  is  opposite  to 
our  shore.  I  do  not  deny  that  mountain  limestone 
and  millstone  grit  may  be  found  in  the  south  of 
England  as  at  Boidogne  and  Ostend ;  but  I  denj 
that  there  are  any  evidences  to  prove  that  tbe; 
would  contain  a  productive  coal  field. 

311.  But  might  there  not  be  such  a  depression  in 
this  millstone  grit  and  mountain  limestone  as  to 
bring  in  a  productive  coal  field  ? — Nothing  is  im- 
possible. I  only  say,  that,  putting  aside  theory,  and 
judging  from  the  &cts  known  to  ua,  it  is  highly  im- 
probable. 

312.  (Mr.  Pregtmeh.)  It  appears  from  the  eri* 
dence  of  yourself  and  of  Mr.  Grodwin-Austen  that  this 
part  of  the  south  of  England  may  be  divided  into  two. 
To  the  soath  of  it  yon  and  Mr.  Godwin-Austen  have 
shown  that  in  the  Boulonnais  the  coal  field  is  small, 
and  has  but  few  seams  ;  yon  have  also  shown  that 
In  Devonshire  the  measures  are  worthless.  But 
it  was  shown  to  us  in  evidence  the  other  day  that 
these  coal  measures  of  Devonshire  were  the  lowtr 
unproductive  ooal  measmvs,  which  in  the  South 
Welsh  coal  field  are  also  unproductive ;  and  it  wss 
also  shown  that  the  Somersetshire  coal  field,  where  it 
abuts  against  the  Mendip  Hills,  has  been  broken 
through  by  the  range  of  the  Mendips.  Thereibre 
do  not  you  consider  that  there  may  be  south  of  the 
Mendips  a  coal  field  similar  in  character  to  the 
Somersetehire  coal  field, ;  and  is  it  not  possible 
that  from  that  centra  there  may  be  an  extennoo, 
eithffl-  east  or  west,  only  limited  by  the  nninvducdve 
cool  field  of  Devondiire  and  by  the  coal  fileld  of  the 
4Soulonnus  ? — I  have  already  said  that  between  the 
mass  of  the  Mendips  and  the  ontlyers  to  the  south 
of  it  a  cOTtain  amonut  productive  cool  may  be 
found. 

813.  Good  coal  ? — Grood  coal ;  but  when  yon 
me  to  say  whether  that  may  not  have  an  extension 
eastward  I  can  only  answer  the  question  hypo- 
theticoUT'*  and  say,  that  from  -the  existence  of  a  rim 
mountain  limestone  here  {pointing  to  the  mop)  in 
patches,  and  from  the  eiidenoe  whidk  was  given  the 
other  day  that  the  lower  coals  of  this  basin  all  dip  to 
tiie  west,  the  evidenee,  as  far  as  it  goes,  is  entirely 
f^ainst  it,  and  will  remain  so  until  you  can  show  that 
at  some  place  or  another  these  lower  rocks  turn  over 
and  dip  eastward. 

314.  {Mr,  Dickimon.)  Is  there  any  known  cool 
field  which  does  not  show  itself  at  one  part  or  another 
without  being  covered  by  the  overlying  rocks?— I 
kuow  of  no  coal  field  in  Europe  which  is  worked, 
either  through  younger  rocks,  or  which  comes  more  or 
less  to  the  suumc^  which  has  not  been  traced  to  an 
outcrop  of  the  coal  beds  or  older  rocks  underneath. 

315.  So  that  if  we  are  to  look  for  the  coal  fields 
from  Somersetshire  to  Kent  we  must  expect  that  they 
overlap  the  Somersetshire  coal  field  beneath  Bath  and 
Frome,  and  that  there  will  be  an  alteration  in  the  dip. 
As  far  as  the  eastern  side  of  the  Somersetshire  cwl 
field  has  been  proved  it  has  had  a  western  dip  ?— 
It  has. 

316.  If  we  are  to  look  for  an  extensitm  of  the  coal 
field  between  the  Somersetshire  coal  field  and  Kent, 
you  wotdd  expect  that  the  connexion  would  be  kept 
up  by  an  alteration  taking  place  in  the  dip  betwetn 
Bath  and  Frome  ? — I  have  repeatedly  stated  that  if 
there  had  been  any  indication  whatever  in  any  portion 
of  the  eastern  rim  of  Somersetshire  coal  field,  I'A 
of'  its  taming  over  to  the  easi^  I  should  then  have 
said  that  there  was  some  prot^Uity  of  coal  being 
found  to  the  east ;  but  as  there  is  no  such  evidence, 
and  as  the  underlying  mountain  limestone  ia  at  once 
covered  in  fr^oent  places  by  the  liaOf  I  think  that 
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the  argument  is  amazingly  strengthened.  My  general 
condasion  is  that  older  rod«  (to  a  great  extent  of 
BeTOniaoape  rocks)  may  he  found  chiefly  on  this 
Bouthem  aone.  If  you  choose  to  connect  this  southern 
zone  with  the  Fas-deOaUis  district  the  evidence  has 
been  clearly  givoi  to  you  to-day  that  the  Valenciennes 
coal  field,  Le.,  the  great  piodactiTe  co^  field  of  Bel* 
gium,  comes  to  a  mere  notiiing,  and  is  cat  off  by  such 
older  rocks  which  occm*  between  it  imd  the  sea. 

317.  That  coal  field  on  the  BouloiinaiB  is  a  separate 
coal  field  on  lower  measures  than  the  Valendennes 
coal  field,  the  Valenciennes  coal  field  being  there 
denuded  ?  —  Yes  ;  the  little  bit  of  coal  which  has 
been  found  near  Boulogne,  or  the  millstone  grit  which 
has  been  found  near  CaluB,  ^^ea  not  constitute  a  coal 
field.  It  is  in  a  carboniferous  formation,  which  in 
all  the  soudi-westem  parts  of  England  and  Wales 
(jwiniinff  to  the  nu^)  never  contains  coal. 

318.  Snpposing  tlmt  you  pinned  your  faith  to  the 
one  &et,  thai  you  do  not  know  of  any  coal  field  in 
Eiuope  which  does  not  at  one  portion  or  another 
show  itself  at  the  snriac^  there  is  still  Uie  poesibility 
titot  tMs  Somersetshire  co^  field  may  take  an  altera- 
tion in  dip  beween  B«^  and  Frome,  and  still  be 
eontinnow  ? — I  should  have  thought  that  a  practical 
engineer  like  yourself  would  have  taken  the  other 
line,  and  would  have  inferred  that  if  there  was  no 
known  coal  field  which  was  not  traceable  to  an  out- 
crop. It  was  rather  an  argument  against  the  proba- 
bility of  their  subterranean  existence  under  the 
secondary  rocks.  That  these  great  upheavals  must 
have  had  som^  little  effect  upon  the  physic^  geo- 
graphy generally  of  the  country  there  can  be  no 
doubt.  These  basins  have  not  been  formed  without 
oonsiderahle  action  from  beneath.  I  thought  that  as 
there  was  no  workable  coal  field  which  cannot  be 
traced  to  a  superposition  upon  subjacent  or  older 
rocks  you  would  infer  from  that  that  these  obsolete 
ftcts  are  rather  i^idnst  the  hypothesis  that  8<Hne  of 
these  hidden  masses  d  coals  which  had  never  been 
raised  or  thrown  inttf  basins  should  be  fbnnd  under 
the  younger  secondary  rocks. 

319.  Such  a  thing  as  an  alteration  in  the  dip  of  the 
coal  field  is  by  no  means  uncommon  ;  for  instance,  it  is 
the  case  in  the  Lancashire  coal  field,  and  in  the  South 
Wales  coal  field  there  is  an  anticlinal  running  across; 
may  not  that  be  the  case  here  ? — If  we  enter  into  the 
hypothesis  of  how  many  subterranean  anticlinals  there 
may  be,  I  do  not  know  where  we  should  stop.  We  have 
had  clear  evidence,  in  oae  of  the  most  valuable  portions 
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of  the  evidence  of  Mr.  Austen,  that  these  aboriginal  and 
great  lines  of  disturbance  have  sometimes  aff^ted  even 

the  contour  of  the  younger  rocks  which  covered  them,   

Of  ihat  there  is  no  doubt ;  bat  you  are  talking  of  the  20  Umr^j,  igfg, 
possibility  of  some  productive  coal  fidd  beii^  found 
under  these  southern  counties,    I  have  given  you  my 
reasons  for  disbelieving  it,  and  I  have  seen  no  reason 
to  change  my  views. 

S20.  With  regard  to  the  physical  features  of  the 
oontonr  of  the  country,  do  you  agree  irith  Mr.  Austen 
that  where  there  is  a  deep  deposit  of  the  older  rod» 
underneath  the  surfkee  has  also  a  deeper  deposit  of 
overlying  roeks  upon  it,  such  as  he  described,  and 
from  which  he  inferred  tiiat  a  trough  would '  exist  in 
that  directi(m  ? — I  am  not  prepared  to  admit  the 
force  of  it. 

321.  But  you  think  that  there  may  be  something 
in  it  ? — It  is  one  of  those  hypothetical  questions 
which  does  not  appear  to  me  to  come  before  a  coaA 
CommiBsidn,  in  which  we  are  concerned  in  trying  to 
denumstrate  from  the  best  real  geological  evidence 
whether  there  is,  or  is  not,  a  good  chuice  of  a  con- 
thiuation  of  productive  coal  fields  under  the  soutiiem 
counties  of  England. 

322.  {Mr.  Prestwich,)  You  elicited  that  at  Tort- 
worth  the  lias  was  directly  upon  the  mountain 
limestone  and  that  there  were  no  coal  measures  ?— 
Yes. 

323.  That  is  to  the  north  of  the  Somersetahire 
coal  field  ? — ^Yes ;  it  is  also  the  case  at  the  eastern 

lip  of  the  Bristol  coal  field. 

324.  Kotwlthstanding  that,  between  those  points 
where  there  is  no  coal  at  all  and  where  the  mountain 
limestone  comes  to  the  surface  in  the  Mendips,  you 
have  a  very  productive  coal  field.  Therefore  the 
circumstance  of  the  lias  lying  apon  the  mountain 
limestone  is  no  reason  why  at  a  short  distance  either 
on  one  side  or  the  other,  yon  may  not  have  the  coal 
measures  setting  tn  again.  It  is  no  reason  because 
you  get  the  lias  reposing  np<m  the  monntun  lime- 
st<me  why  you  should  not  look  for  the  coal  at  some 
distance  from  it  ? — If  it  lies  both  upon  the  mountain 
limestone  and  upon  the  coal  I  think  that  the  question 
is  answered.  -  But  these  facts  apply  only  to  the  west 
of  the  eastern  boundary  of  the  known  coal  fields.  To 
the  east  there  is  no  such  evidence.  In  reference 
to  other  questions  put  to  me  previously,  I  may  be 
permitted  to  observe  that  tiiey  were  all  based  upon 
hypotheses. 


The  witness  withdrew. 


A^jonmed  to  To-morrow  at  1 1  o'clock. 


COJUITTEE  D«— Kinth  Heetdng,  SKtarday,  21st  Mareh  1868. 

Fbzsent  : 

Sib  RODERICK  MURCHISON  (in  the  Chair). 
Professor  Raksat. 

Mr.  DiCKIRBOH. 

Mr.  Gkiidxs. 

Mr.  JEdward  Hull,  F.B.S.,  District  Sorrrfor  of  the  CHeolog^eal  Snrv^  of  Seotiand,  examined. 


(Two  sets  of  Answers  to  Circulai-  D  1  were  handed 
to  the  Secretary  by  Mr.  Hull  and  Mr.  Harkness,  and 
the  Secretary  was  directed  to  have  them  printed.) 

825.  (ChairmaK  to  Mr.  Hull.)  We  are  all  well 
mrare  of  your  valuable  publications  respecting  the 
amount  of  coal  in  Great  Britain.  With  a  view  to  the 
further  ^vriopment  of  your  knowledge  upon  this 
subject,  I  would  first  ask  you  to  give  to  ns  what 
information  you  pesse»  respecting  the  existence  of 
rocks  older  than  the  coal  in  any  tract  to  the  south  of 
the  known  coal-fields  in  the  central  counties  of 
England.  That  being  given,  you  may  extend  your 
observatifflis  to  all  those  other  portions  of  England 
qiiiftHP^"C  eoftl-fields  which  are  separated  frum  each 
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otJier  by  overlying  masses  of  Permian  and  other  rocks, 
and  you  may  also  give  the  results  of  your  knowledge 
respecting  the  Lancashire  and  more  notim'n  fields. 

{Mr.  Httll.)  In  order  to  n^ly  to  your  question  I 
think  that  it  wUl  be  necessary  lu-st  to  arrive  at  some 
definite  views,  as  far  as  our  knowledge  extends, 
regarding  the  original  primary  diatribntion  of  the  ooal- 
measures  over  tiie  central  and  northern  counties  of 
England.  Having  completed  that  part  of  the  subject 
by  tracing  out  the  limiting  margin  of  the  coal  as 
originally  distributed,  we  shul  consider  what  portions 
of  the  Carboniferous  area  have  been  upheaved  and 
subjected  to  denudation  after  the  Carboniferous  period, 
and  befioro  tho  Pocnun*  We  shuU  next  «uuBidar  what 
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duBldcts  hare  been  nphtMXftd-fuid  railu«ote(L  to  denn^flr 
tion  aftffi  the  Fermiaa-aurt  befora  the  T^iassic  period  i. 
and  thea.ve  ahall  coaddia  the  mauDor  (tfdiadibation 
of  the  Carbonifecona  xocka  themselTO^  and  oi  the 
overlying  Fennian  and  Triassic  rodoh  la  that  way 
i  hope  that  we  ahall  be  able  to  arrite  at  aome  clear 
knowledge  as  to  the  distance  to  which  l3ieeoal*formation 
reaches  under  the  south-eastern  counties  of  England. 
In  making  these  remarks  I  wish  to,  guard  myself  from 
its  being  supposed  that,  anything  but  a  rery  small 
portion  of  what  I  am  going  to  say  is  t^e  result  of  my 
own  private  and  sole  investigations.  I  propose  to 
adopt  the  viewsj  as  far  as  I  think  them  correct,  of 
yourself,  Professor  Bomsay,  Mr.  Jukes,  Mr.  Howell, 
and  other  geologists,  both  of  the  Survey  and  of  those 
not  connected  with  the  .Survey ;  but  to  arrange  the 
matter  in  as  connected  a  form  as  possible,  and  In  the 
fewest  words  Uiat  l^e  subject  will  admit  of. 

NoWj  commencing  my  observations  in  the  neighbour- 
hood of  the  Flintshire  and  Denbighshire  coal-field,  if 
we  exunine  the  Carboniferous  seiies  jk  that  coid-iicld, . 
we  shall  find  that  we  have  there  a  most  complete 
eeriea  of  rocks,  including  the  mountain  limestone,  tl|£ 
millstODe  grit,  and  the  lower,  middle,  and  upper  coal- 
measi^res,  all  in  regular  order  and  succession.  But 
if  we  trace  these  beds  across  the  valley  of  the  Severn 
into  the  district  of  Shrewsbury  and  Oldbury,  you,  Sir 
Roderick,  are  perfectly  aware  that  all  the  lowerCarbon- 
iferous  rocks  are  there  entirely  absent,  and  we  have 
nothing  but  the  uppermost  coal-measures,  with  few 
and  unimportafit  oofJ-seams.  It  is  therefore  clear 
that  the  ori^al  basin  formed  by  Silurian  and  Cam- 
brian rooks  m  thu}  difrtrict  was  much  shallower,  and 
was  in  fact  muabmwged  throughout  the  greater 
portion  of  the  Carboniferous  jperiod.  The  same 
remarks  apply  to  the  coal-field  of  Lee-Botwood  ;  and 
when  we  go  furthw  eastward,  into  the  coal-field  of 
Coalbrook  Dale,  of  which  one  of  the  Commisuoners, 
Mr.  Frestwich,  has  long  since  given  us  so  elaborate 
an  account*,  we  there,  it  is  true,  find  the  lower 
Carboniferous  rocks,  but  in  a  very  diminished  and  un- 
important form ;  due,  I  apprehend,  to  the  same  cause, ' 
namely,  that  in  this  district  we  are  approaching  the 
original  mai^inal  limits  of  the  Carboniferous  area. 
Wben  we  extend  our  observations  along  the  valley  of 
the  Severn  down  by  Bridgenorth,  a  r^ion,  the  forma- 
tions which  have  been  so  fully  illustrated  and 
described  by  the  Chairman  of  this  Committee,  thirty 
years  ago,  in  the  "  SUuri^A  System,"  we  entirely  lose 
liiese  lower  Carboniferous  rocks,  and  we  there  find  in 
the  neighbourhood  of  Bridgenorth  merely  the  upper- 
most beds  of  the  coal-meaanres.  This  mv^  be  also 
said  with  regvd  to  the  whole  of  the  Forest  of  Wyre, 
in  which  all  tfaeloww  Carboniferous  Jo<d»  we|entir^y 
absent.  I  think  it  unnecessary  to  go  into  an  examina- 
tion of  the  Clee  hill  coal-field,  whidi  I  consider  to  be  a 
depression  in  ;!ie  original  basin  of  the  coal-area. 
When  we  tjie  Forest,  of  Wyre  rocks  further 

south  we  come  to  the  district  of  the  Abberley  Hills, 
where  we  find,  as  Professor  Ramsay  has  pointed  out, 
the  Permian  rocks  resting  directly  upoQ  the  Silurian 
rocks ;  and  I  imagine  that  we  have  then  passed  the 
originid  margin  of  the  submerged  Carboniferous  area. 
We  then  come  to  the  sonthern  margin  of  the  South 
Staffordshire  coal-field,  and  as  good  fortune  would 
have  it  as  .r^arde  this  inqniiy,  but  unfwtonately  as . 
r^ards  the  gentlemen  who  made  the  experimfflit, 
namely,  Messrs.  Dawes,  wc  have  now  been  able  to 
determine  the  original  margin,  at  any  nrte  of  the  coal- 
producing  pOTtion  of  the  coal-measures  of  South 
Staffordshire.  Timn  experiments  whUth  FrofitosOT 
Ramsay  has  himself  investigated,  and  which  I  shall 
not  ihttefore  enter  into,  because  I  have  not  myself 
been  down  to  the-spot,  I  understand  that  in  sinking 
for  the  coal  it  was  found  tJhat  the  great  30-feet 
coal-seam  was  entirely  absent,  and  was  merely  re- 
presented by  sandstones,  with  a  few  Izaces  of  coal, 
and  by  oonglomerate  or  gravel  beds,  showing  the 
original.mai^  of  the  CarbMiiferoas  rocks,  and  resting 


qn  the^^l{iria;).ioc>t^  ia.wluGh  I  believe  FnCeut 
B#msf9  .has  .idiantified  xemains  of  Pteiygottu. 

.  326.  iProfettorBanut^,)  Thenppenaostfaedaofitf 
n{^*  Ludlow  rocks. — 'Xw,  resting  <»  the  nppennos 
beds  of  the  upper  Ludlow  rocks,  Therefiire  I  ikt 
that  we  are  jnstified  in  carrying  ^e  wiginal  ms^.j 
the.  Carboniferous  area  across  this  region  uuler  ii« 
district,  of  the  Cleat  and  Lickey  iiills,  and  aUo,  a 
arriving  at  the  eastern  margin  of  the  coal-field,  earn- 
ing it  northwards  for  a  considerable  distance,  beaW. 
as  Sir  R.  Murchison  has  long  since  shown  ("  Siloriu 
Systw  "*),  in  the  sinking  to  the  coal  in  Lard  Dan- 
mouth's  collieries  they  passed  through  the  pntig^ 
which  belongs  to  the  main  coal-^eam;  that  is  tow, 
the  portion  of  the  coal-measures  where  tJie  nuun  m, 
seam  should  have  occurred,  directly  into  Siluriui  rods. 
I  entirely  agree  with  Mr.  Jukes  in  considering  tk 
this  is  a  projecting  poi'tioii  of  tiie  original  nurpne 
the  co^-ba8in.t  We  have  now  to  cross  acotisidcni^ 
tract  of  country  to  the  ooal-fleld  of  WanrickGiiiit 
But  befisre .  tonching  oa.  that,  I  should  preftr  to  f 
further  to  the  north-east,  to  the  maigiu  of  Charmnidj 
Forest  and  the  Leicestershire  cool-field.  Now  in  1 
Leicestershire  coal-field  we  find  the  Cambiiu  rvti- 
of  Ctiamwood  Forest  brought  up  along  the  liide  ot  i 
firalt,  and  it  is  quite  tme  ^lat  it  is  owing  to  th&t  iiu 
that  the  Cambrian  rocks  are  there  broogbt  to  6r 
surface.  But  that  fault  is  not  of  so  much  impomoK 
that  it  does  more  than  throw  forward  what  wis  h 
original  mu*gin  of  the  Cambrian  roclu ;  and  whn 
we  go  further  south  to  Bardon  Hill,  and  find  thett  sant 
rocks  immediately  surrounded  by  tke  Triassic  bedi,  uJ 
find  further  to  the  eastward  trap-rock,  coming  up  throqk 
the  8Mne  stratfst  I  ai^veheud  that  tfaia«  can  be  no  dodt 
whatever,  that  uiese  rooks  bare  formed  a  ptnrtion  of  iht 
original  margin  of  tl»  coal-basin  in  that  dinctiK: 
Therefore  when  we  find  ^  Warwickshire  taU'k 
intwvening  between  tiie  Siloi^ut  bairier  west  of  Bv- 
mingham,  and-  the  Cambria  region  of  Chamwoiie 
Forest,  I  think  that  we  can  do  no  more  than  rdk  it 
to  a  elongation,  a  Up,  of  the  original  margin  of  ik 
coal-basin  prttjecting  furtiier  soath  than  ustul.  1 
apprediend  also  that  the  same  fate  which  has  overuks 
the  thick  coal  of  South  Stafibrdshire  at  the  soatheri 
part  of  ^t  coal-field  awaits  the  thick  coal  of  Wk- 
wickshire  in  its  extension  a  litUe  furtiier  mt 
We  have  now  traced  a  barrier  of  rocks  frnn  Stmy 
shire  on  the  west,  along  the  south  of  the  For«t 
of  Wyre,  the  South  Staffitrdahire  coat-field,  and,  br 
inference,  tbe  WarwiiAufhire  and  Leiceatenbire  a«i- 
fields ;  I  considw  that  barrier  as  having  been  fonned". 
a  ridge  of  <AAer  rocks  (perhaps  a  eeries  of  idudf  to- 
wards the  close  of  tiie  Carboniferous  poiod),  whia 
entirely  cut  ofi'all  the  main  mass  of  the  coal-mHrarc 
and  lower  Carboniferous  rocks  of  the 'Forest  of  Dtir- 
of  Bristol,  and  of  Bontii  Wales,  from  all  the  Carboci- 
ferous  beds  of  the  midland  cotmties  and  the  Dortt 
England.  Of  course  it  is  impossible  for  us,  by  acl^i- 
evidence  at  the  surface,  to  determine  the  prolongatk: 
of  this  margin  of  the  Carboniferous  basin  nor^w-- 
from  Leicestershire,  but  the  probabilities  are  tlut  r 
extends  in  the  same  direction  to  somewhere  in  il< 
neighbourhood  of  the  mouth  of  the  Wash,  and  I  shou^ 
consider  it  extremely  hazardous  to  make  lUtempts  t; 
sinking  for  coal  anywhere  south  of  that  line. 

Now  I  will  refer  to  the  Harwich,  boring,  which  v» 
discussed  yesterday,  as  corroborating  these  views.  I 
Was  not  until  then  aware  that  these  cleaved  slatj  ifi^ 
whidi  were  Isvugfat  np  firom  the  bottom  of  thst  boriif. 
were  of  -the  Carboniftrous  age.  But  we  may  fflppw 
that,  as  the  Ghairmsn  and  as  Mr.  Godvio*Aiu(n 
miuntained,  they  bekmg  to  the  vwy  lowest  portion  d 
tiie  Carboniferous  seriei^  represented,  X  b^ere,  br 
shales  belonging  to  the  mountain  Ihnestooe  ro^  <^ 
Northumberland.    Therefore,  accepting  that  riev. » 


*  Km  details  of  thix  ginkiiig  and  boifa^,  «^  ire  ii«<< 
mtezefldng  and  important  u  baaring  on  thii  qMatioo.vn 
originaUy  pahliibed  by  Sir  B.  Uorchison  in  the  "Sikha 
System,  p.  476 ;  and  more  recently  by  Mr.  Jukes,  in  the  iikci»' 
on  tlu  "  South  Stafiindshiie  Coal-field,"  2bd  B^t,  p.  136. 
tIUa,p.lS4.  fttMAteMsr. 


Digitized  by 


iON  THE  rEOBABrLITT  OT  PIKDING  COAX  UNDEE  tAe  PEEMIAN,  NEW'It£D  439 
SAKDSTONE,  AND  OTHER  «TJPBBrNCrMBENT  STRATA. 


is  quite  possible  that  a  new  Oftrboniferous  ^a^n  mnj 
bo  coming  in  witbits  lowest  beds  in  the  neighboiirhood 
of  Harwich,  and  with  an  intervening  tract  of  Devonian, 
Silurian,  and  Cambrian  rocks  stretching  all  "the  way 
to  Ijeiccsterahire.  We  have  now  traced  the  original 
margin  of  the  coal-field,  and  allow  me  to  say  that  I 
consider  that  north  of  this  margin  which  we  have 
traced,  that  is  to  say,  north  of  the  sontbern  margin  of 
the  Carboniferous  rociks  which  we  have  been  following, 
there  was  an  uninterrupted  distribution  of  the  Car- 
boniferous  fonnations,  extending  all  over  Lancashire, 
Derbyshire,  To^shire,  Northumberland,  and  Durham; 
because  we  have  the  clearest  evidence  that  the  lower 
beds  on  both  sides  of  the  great  Penine  chain  in  Lan- 
cashire and  Yorkshire  are  identical  with  each  otheTj 
and  must  therefore  have  been  originally  continuous. 

327.  (CfiaiVmoB.)  Will  you  indicate  upon  the  map 
the  outline  of  the  Penine  chain  ? 

It  is  that  high  tract  of  hilly  land  stretching  ftom 
the  Derbyshire  limestone  country  into  that  of  York- 
shire, and  into  Westmoreland,  separating  the  coal- 
fields of  Yorkshire  and  Derbyshire  on  the  one  side 
fVom  those  of  Lancashire  and  Cheshire  on  the  other. 

I  hare  given  you  one  reason  why  I  think  it  probable, 
lud  in  fact  almost  certain,  that  the  coal-measures  do 
not  extend  under  the  eastern  counties  of  England. 
I  will  now  proceed  to  ofier  anoiher  reason.  The 
Carboniferous  bods  of  aedimentanr  ori^  in  the  north 
of  England,  it  is  now  very  well  known,  have  been 
arranged  upon  a  aniform  plan  of  distributiou .  extend- 
ing from  Uie  districts  of  the  midland  counties  of 
Leicestershire  and  Staffordshire  at  least  as  far  north 
tui  North  Lajicaahire;  and  that  plan  of  disti-ibution  is 
this,  that  these  beds'  (lying  above  the  mountain  lime- 
stone), when  traced  from  the  north  into  the  sonth  and 
south-eastern  counties,  in  that  direction  gradually  thin 
away  from  a  maximum  in  the  north-west  to  a  mini- 
mum in  the  south-east.  Now  if  we  take  as  extreme 
cases  the  Carboniferous  bed^  above  the  millstone  grit 
coutaioing  coal  in  the  Manchester  district  of  South 
I^ancashire,  and  compare  them  with  those  of  Leicester- 
shire or  Warwicksliire  in  the  opposite  direction,  we 
find  that  we  have  in  the  former  district  at  least  6,000  feet 
of  strata  stored  with  cod  against  about  2,500  feet  in 
the  Warwick^lre  and  Leicestershire  coal-fieU.*  And 
along  with  that  thinning  oat  of  the  strata  themselves 
which  are  interposed  between  the  coal-seams,  thwe  is 
a  corresponding  diminution  in  the  quantity  of  coal, 
though  not  to  the  same  extent.  Mr.  Dickinson  will  be 
able  to  tell  you  on  a  future  occasion  that  there  are  60  feet 
of  workable  coal  in  the  South  Lancashire  district,  and 
there  are  only,  I  think,  about,  30  feet  in  the  Warwick- 
shire and  Leicestershire  coal-fields.  Therefore,  on  that 
ground,  if  these  Carboniferous  beds  happened  to  con- 
tinue towards  the  south-east  in  the  same  direction, 
they  would  in  all  probability  be  found  ultimately  to 
tail  out  and  disappearf- 

The  next  point,  X  think,  is  to  determine  what 
districts  of  this  Carboniferons  area  were  subjected 
to  upheaval  and  denudation  at  the  dose  of  the 
Carboniferous  period,  and  before  the  Permian  rocks 
were  deposited.  And  it  is  fintunate  .that  the  district 
which  I  have  lately  been  surveyiiig  along  with  my 
colleague,  Mr.  Xiddeman,  lying  in  the  neighbour- 
hood of  Preston  and  Burnley,  has  afforded  evidence 
which  throws  light  upon  this  subject  as  regards  that 
large  tract  of  land  lying  between  the  Carboniferous 


*  In  each  of  these  cues  some  portiont  of  the  nppernmt  coal- 
meMaftt,  which  do  not  oootaia  ooal,  are  om  tted  porposetjr,  as 
uot  acting  the  practical  besiing  of  the  question ;  bat  ttte 
actual  amooDt  of  thinning  away  of  (he  strata  above  the  millstone 
grit  from  Lancashire  towards  the  Bontb-eastem  coonties  will  be 
MW  nnderstood  from  the  fbllowing  figniw  :  fioaUi  Lancaridre' 
7,630  feet ;  WirvickAin'  and  Leioeitonbin"  8,000. 

(See  mevMin  of  the  Geological  Snrrey^l, "  G«floCT  of  the 
Ctmntry  roimd  Oldham,"  p.  37.  2,  "  Geolc^  of  the  Warwick- 
sfalre  doal4eM,"  by  Mr.  H.  H.  Howell,  p,  9.  3.  «  Geotofry  of 
the  Lcieettenlun  Coal-field,"  p.  20. 

t  Tlus  view  of  the  Bontheylyiattenaatioa  of  the  CaiboaiferpoB 
Bedimentary  strata  '» treated  of  in  detail  by  the  author  in  the 
Journ.  Gtci.  Soa,  Londoa,  VoL  zviiL  p.  1S7,  and  illostiated 
on  a  mqi  of  England  by  **  isranetric  Unes." 


rocks  and  the  sea  coast  of  West  Lanca^ire.  .  Prom 
the  fact  of  the  Permian  strata  resting  unconformably  on 
lower  Carboniferous  beds  all  along  the  line  of  upheaval 
which  may  be  traced  from  Onnskirk  on  the  west  t; 
Cohie  on  the  east,  and  still  further  along  the  northen. 
limits  of  the  Yorkshire  coal-field,  there  is  the  clearesl 
evidence  ^hat  the  production  of  this  line  of  upheaval 
which  havingbeen  foUowed  by  denudation  terminated 
the  doAl-iiearifig  rocks  of  Lancashire  and  Yorkshire  on 
the  north,  may  bo  referred  to  a  time  before  the  Permian 
period,  and  immediately  after  the  close  of  the  Carbo- 
niferous. Hierefijre,  although  it  is.  troe  that  the 
Triassio  rocks  are  thrown  in  on  the  north  side  of  this 
Capbonifenms  tract*  by  a  fkult,  yet  that  fiwh  itself,  as 
bearing  on-  this  qn«stion,  is  alt<^;etbw  of  secondary 
ootutid«iitio& ;  bManse  it  is  quite  certain  that  the 
lower  Carboniferous  rocks  hare  been  brought  up  all 
along  the  line  already  indicated,  which  we  may  cal' 
"  the  Pendle  line  of  elevation  '*  j  and  that  they  have  been 
subjected  to  an  enormous  amount  of  denudation  which 
renders  it  in  the  last  degree  improba'ule  that  any  coa'. 
bearing  strata  will  bo  found  between  that  line  of  the 
Pendle  range  and  the  seabou'd  of  Lancashire.  Then 
another  great  area  of  disturbance  and  denudation 
referable  to  the  close  of  the  Carboniferous  period 
appears  to  be  that  to  the  north  of  the  valley  of  the 
Trent  in  the  neighbourhood  of  Derby  and  Ash- 
borne,  and  which  has  resulted  in  bringing  up  the 
mountun  limestone  and  lower  Carboniferous  rooks  of 
Derbyshire.  Now,  while  attempting  to  describe,  in 
a  memoir  which  I  am  preparing  for  the  Geological 
Survey,  the  distrlbiition  of  the  Palosoroic  rocks  of 
central  England  and  Shrc^shire,  and  comparing  them 
with  those  <Jf  the  same  age  of  South  Lancashire  and 
Cheshire,  I  have  been  veiy  much  impressed  with  the 
extreme  dissimilarity  of  the  Permian  rocks  of  the  two 
areas.  This  dissimilarity  is  so  great  that  it  is  almost 
impossible  to  suppose  that  they  were  deposited  bi  the 
same  basin  j  and  when  I  was  endeavouring  to  ascertain 
whether  there  were  any  grounds  for  supposing  that  the 
Carboniferous  rocks  had  been  thrown  up  m  such  a 
manner  as  to  form  separate  basins  for  the  deposition  of 
the  Permiui  rocks  of  the  two  areas,  I  found  that  on 
the  east  side  of  the  plain  of  Cheshire  in  the  neighbour- 
hood of  Congleton  we  have  the  Toredale  beds  and  the 
Cai-bonifsrons  limestone  brought  up,80  as  to  separate  the 
coal-field  of  North  Stafibrdshire  from  that  of  Cheshire  ; 
and  though  originally  I,  along  with  other  geol<^tsts, 
attributed  this  to  the  existence  of  a  great  fault  which  I 
estimated  at  an  enormous  unount  of  down-th^w  on  the 
west,  I  now  think  that  that  fault  has  been  over  esti- 
mated, and  is  not  sufficient  to  account  for  the  absence 
of  the  whole  of  the  Carboniferous  beds  down  to  the 
mdtmtain  limestone  in  that  neighbourhood.  Besides 
this,  we  know  from  the  tesearches  of  Mr.  Binney 
that  there  are  Permian  beds  restiug  unconformably  on 
the  Yoredale  rocks  a  few  miles  north  of  Leekf,  which 
shows  that  the  upheaval  and  ihe  dwadation  of  the 
lower  Carboniforons  rocks  in  this  district  took  place 
bofore  die  Poinian  period,  and  I  think  that  this  may  be 
coDBeeted  with  t^e  great  upheaval  which  to<^  place 
before  the  sraae  period  all  along  the  southom  mai^gin 
of  the  Carboniferous  limestone  of  DOTbyshire.  Now, 
when  we  croes  the  Cheshire  plain  to  the  west,  we  eldo 
find  at  the  southern  margin  of  the  flintshire  coal-field 
lower  Carboniferous  rocks,  brought  up  pwtly  along  the 
line  of  a  fault.  Now  that  fault,  and  that  upheaval,  I 
consider  in  all  probability  as  referable  to  the  pre- 
Fermian  period ;  and  I  think  that  it  is  exceedingly 
probable  that  all  along  a  line  which  may  be  drawn 
from  Macclesfield  on  fbe  east  to  the  neighbout^ood 
^  Hope,  in  Flintshire,  to  the  west,  the  lower  Carbon- 
iferous rocks  have  been  brought  up  in  such  a  manner 
as  to  have  formed,  what  I  was  looking  for,  namely,  a 
burier  between  die  Permian  area  of  South  Lancashire 
and  Cheshire  and  the  Permian  area  of  the  Midland 

*  Namely,  the  tract  of  Carboniferous  rocks  extending  from 
Bi^ham  to  the  Borth  of  dunley. 
t  At  Hug.  ^dge.  Mem.  lit  and  FhiL  So&  Manrlwrtnr, 
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cou^ities  and  Shropstire.*  Therefore  although  this 
view  is  opposed  to  one  which  I  held  for  a  long  time, 

  yet  seeing  the  extreme  probability  of  it,  I  am  quite 

SI  March  1868.  billing  to  give  up  the  old  view  and  to  adopt  the  new. 

Consequently  I  think  that  it  would  be  extremely 
faazardouB  to  look  for  auy  beds  of  coal  under  a  tract 
ranging  in  the  direction  which  I  have  stated  right 
across  the  centre  of  the  Cheshire  plain.  This  view 
seems  to  account  for  the  extreme  dissimilarly  between 
the  Permian  beds  in  the  neighbourhood  of  Manchrater 
and  Stockport  uid  those  of  the  whole  of  tliis  district 
(pointing  to  the  mtgi)  of  the  Midland  Counties  and 
Shropshire,  which  are  «ut  generis. 

With  regard  to  the  question  whether  the  coal- 
fields of  Durham  and  Yorkshire  are  connected  under- 
neath the  Oolitic  and  Triassic  beds  of  East  Yorkshire, 
when  I  was  preparing  this  map  for  my  treatise  on 
the  coal-fields  of  Great  Britun  I  had  the  benefit  of 
the  assistance  of  Professor  Phillips,  in  wder  to 
det^mine  that  very  question  ;  and  what  he  stated 
was,  that  although  the  rocks  between  the  northern 
lunits  of  the  Torkshire  ooal-fleld  and  the  wi^em 
limitB  of  die  Dnrham  ooal-field  are  traversed  by  a 
series  of  east  and  west  axes  of  elevation  and 
deivession,  which  bring  up  the  lower  Carboniferous 
rocks,  and  thus  sepuvte  ^e  coal-fields,  yet  there  is 
upon  the  whole  a  general  inclination  eastwu'd  of  all 
these  beds,  and  if  that  inclination  continues  the  coal- 
field must  necessarily  come  in  along  a  certiun  line. 
That  line  I  have  indicated  on  this  map^ ;  but  since  I 
have  been  engaged  in  examining  the  Pendle  line  of 
elevation  along  the  north  of  the  Lancashire  coal-field, 
and  which  extends  along  the  north  of  the  Yorkshire 
coiU-field,  I  cannot  help  agreeing  with  Professor  Ram- 
say's view,  that  in  all  these  coal-fields  there  is  a  ten- 
dency for  them  to  be  thrown  into  basins  disconnected 
with  each  other.  And  considering  the  exfo«mely 
powerful  series  of  elevatians  which  took  [dace  in  Uie 
district  to  the  north  of  these  two  coal-fields,  1  think 
it  more  probable  that  the  lower  Cu-boni&rons  rocks 
ultimately  divide  the  two  coal-flelds  of  Durham  and 
Yorkshire,  than  that  they  are  connected.  Therefore, 
in  this  map  which  I  will  give  in  to  the  Commissioners 
with  my  evidence,  I  have  marked  this  portion  of  York- 
shire, between  the  two  coal-fields,  which  is  overlud 
by  the  newer  formations,  aa  being  one  in  which,  in  my 
^  opinion,  no  coal  exists. 

I  think  that  we  are  now  in  a  position  to  determine 
under  what  districts  the  coat  does  exiat.  I  will  first 
give  a  description  of  the  general  position  of  the  coal- 
seams  around  the  Permian  and  IViaasie  areas  of 
Soaih  Lancashire  and  Korth  Chesture.  Conunenc- 
ing  in  the  neighbourhood  of  Macclesfield  and  pro- 
ceeding along  the  district  of  the  Poynton  coal-field 
in  Cheshire,  the  coal-seams  are  found  to  dip  in  a 
westerly  direction  under  the  IViasslc  and  Permian 
rocks  ;  and  crossing  into  South  Lancashire  at  Dukin- 
field  aud  Ashton-under-Lyne,  we  find  that  they  dip  in 
the  same  direction  also  under  the  Peimian  and  Triassic 
rocks  ;  and  if  we  continue  that  examination  westward 
along  the  southern  margin  of  the  Lancashire  ooal-field 
we  find  almost  oontinuously,  except  where  interrupted 
for  a  short  distance  faults,  a  general  tendency  of 
the  coal-seams  to  dip  in  the  direction  of  the  newer 
formations  towards  the  south.  Then,  if  we  cross  over 
to  the  Flintshire  coal-field,  we  find  along  the  estuary 
of  Dee  a  similar  tendency  to  dip  towards  the  north- 
east  in  the  Erection  of  the  newer  formations.  But 
^en  ve  crane  down  to  the  nei^bonrhood  of  Hope, 
to  the  Boudi-weat  of  Chester,  we  there  find  the  mill- 
stone grit  and  lower  Carboniferous  beds  brought  up, 
and  overlaid  directly  by  the  New  Red  Sandstone  ; — 
that  formation  resting  in  an  unconformable  posi- 
tion on  the  lower  Carboniferous  beds.    Tliat  is  the 

*Thi>  mqiposed  barrier,  or  band  of  lo-wer  Carboniferom 
rooks,  stretehin^  from  east  to  west  under  the  l^iassio  tonoMf 
tioBxtf  the  plain  of  Cbeahire,t8iBdioatadontheaeooi!qiu7lng 
map, 

f  The  roap  which  accumpimies  the  authors  voric  on  **  The 
Coal-flddi  of  Great  Britanu" 


position  where  this  barrier  commences,  which,  u  I 
suppose,  stretches  underneath  the  Cheshire  pUx 
Therefore  I  think  we  may  assume  that  north  of  ik 
barrier,  and  extending  to  the  margins  of  the  Flim- 
sbire,  the  South  Lancashire,  and  the  Cheshire  cotl- 
fields,  there  is  a  large  tract  in  which  the  coat  dm 
certainhr  exists,  including  the  peninsula  of  Wmi 
Then  if  we  come  to  examine  the  Denbigb^iire  coi[- 
field,  a  coal-field  which  there  can  be  no  questkmisKc 
of  very  |p«at  importance  and  value*  we  find  ^  a:! 
seams  dipping  steadily  in  an  easterly  direetioi^  ot» 
lud  by  a  thick  series  of  upper  unproductive  cmI- 
measures,  and  those  overhud  by  a  thick  series  of  Per- 
mian strata,  but  everywhere  there  is  a  stead;  easterly 
dip,  and  on  the  opposite  side  of  the  plain  along  tlk 
western  margin  of  the  Korth  Staffordshire  coal-fidd, 
find  also  a  tendency  in  the  coal  seams  to  dip  towards  tt* 
west  and  thd  south  under  the  Permian  and  the  Tm.-k 
rocks.  Therefore  I  think  that  there  is  reiy  litik 
doubt  that  coal  exists  between  the  western  ontcrop  i 
the  Denbighshire  coal>field  and  the  eastern  oakiof  i 
the  North  Staffordshire  coal-field,  south  of  tbatburis 
of  lower  Carboniferous  rocks  which  I  have  alrndr 
indicated.  The  southern  margin  of  this  concealedini 
field  it  is  hazardous  to  conjecture,  becaose  there  i< 
veiT  strong  evidence  that  ridges  of  the  older  Silmia 
nx^s  stretch  in  a  north-easterly  direcUon  undatLa 
Triassic  and  Permian  rocks,  and  Uierefbre,  mtil  n 
know  how  far  these  extend,  we  cann<rt  be  cotah 
of  the  actual  limits  of  the  coal-field ;  and  alUHm!^ 
taking  the  western  side  of  the  Coalhnx^  Dale  coir 
field,  it  is  quite  certun  that  the  New  Red  SandatmK  i; 
there  brought  in  by  a  fault,  still  I  do  not  thmb  H 
that  fault  is  of  so  much  importimce  aa  to  throw  in  uj 
great  amount  of  the  coal-measures,  and  it  is  qsi:; 
possible  that  underneath  the  New  Red  Sandstone  1st 
considerable  distance  we  should  find  Silurian  rocb 
only.*  As  regu-dd  the  eastern  side  of  the  C'Oalbrtti 
Dale  coal-field,  that  is  a  tract  of  which  a  member  cf 
the  Geological  Sui-vey  ought  to  speak  with  extren 
caution,  because  exception  has  been  taken  lo  ue 
work  of  the  Survey  in  that  district,  but  I  thinl  is- 
properly  so.  I  prefer  that  others  should  speak  n 
this  coal-field  rather  than  myself ;  but  I  mil  jmt  v 
in  a  few  words  that  the  nppennost  seams  of  cmIm 
to  die  out,  as  I  have  been  informed,  along  the  liu  k 
an  inclined  plain,  sloping  towards  die  eastward; 
how  &r  downwards  into  the  coal  seams  that  pU: 
extends  is  h  question  which  can  only  be  soM  ^ 
actual  experiment.  But  I  myself  can  scarcely 
that  the  lower  and  middle  coal-seams  of  this  coal-fii:^ 
extend,  I  do  not  know  whether  to  say  unintempifiily 
or  not,  but  for  a  very  considerable  <£stance  under  il^'- 
Permian  and  Triassic  rocks  to  the  east  of  the  Coalbn'i 
Dale  coal-field,  in  all  probability  joining  with  » 
same  beds  on  the  east  side  of  the  IViassic  and  Fc^ 
mian  area  at  Wolverhampton  and  Cannock  Oas- 

Now  it  would  be,  I  think,  in  the  highest  dep? 
hazardous  to  expect  auy  valuable  coal-seuns  under  > 
very  large  tract  of  Permian  and  Triassic  rwb  ^ 
Enville  and  the  east  of  Bridgnorth,  because,  aj  ^^ 
have  already  seen,  we  are  ttiere  approaching  ^ 
original  marginal  limits  of  the  coal-fonnatiaD,  ^ 
in  that  direction  the  main  beds  of  coal  certunl?^ 
out.  Bnt  north  of  scntie  iudefinite  line,  which  pcrii^ 
may  be  drawn  from  Ironbridge  on  the  nortb-vs* " 
Stourbridge  on  the  south-east,  in  all  prohabiG? 
valuable  and  productive  seams  of  coal  would  be  fooi*!- 
but  I  would  not  recommend  any  Uials  to  the  soaAi 
that  line. 

If  we  now  come  to  the  district  east  of  (be  Scui 
Staffordshire  coal-field,  we  have  there,  when  locfci; 
for  a  continuation  of  productive  seams 'of  coal,  to  p^' 
against  the  uprising  of  the  Silurian  rocks  along  ^ 
original  mai^n.  But  as  the  seams  of  coal  hare  ^ 
shown  by  my  colleague,  Mr.  Howell,  to  range  contiBf 

*  This  Tie  V  IB  corroborated  by  the  boriuB  made  at  Hadt? 
Estate,  near  Wellicgtm.  for  coal,  throngh  Qt^  New  BcdSo^ 
to  the  north-veat  of  the  Coalbrodc  Dale  eoal-Md,  poM** 
into  trap  rock,  probably  of  an  age  dder  tiiaa  the  Caifaatfc"* 
(See  details  of  this  bonng,  aaiweti  to  Cirealar  C 1.) 


Digitized  by 


Digitized  by 


Google 


ON  THB  PBOBABILITr  OF  FDTDIKG  COAL  VNBEB  THE  PBBailAN,  NEW  BSD  4i41 
SANDSTONE,  AND  OTHER  8UFEBINCUHBENT  BTBATA. 


onsly  along  the  Warwickshire  coal-field  Terynearfy  as 
&r  flonth  at  least  as  CoTentry,*  there  can  be  no  ques- 
tion .tiiat  north  of  a  line  whi6b  I  should  be  disposed 
to  draw  frun  Corentrjr  to  Widsall  we  hare  a  region 
of  productive  coal-measnreB.  Between  the  northo-n 
limits  of  the  Warwickshire  coal-field  and  the  Zjei- 
cestersbire  coal-field,  ranging  as  far  as  Meactham  and 
Ashby-de-la-Zouch,  westward  of  that  line,  1  think 
there  can  be  no  doubt  that  we  have  a  region  of  pro- 
ductive coal-measures.  Extending  for  some  distance 
north  of  that  line,  and  westward  to  the  mucins  of 
the  North  and  South  Stafibrdshire  coal-fields  we 
have  a  region  which  I  think  there  can  be  no  doubt 
is  one  of  productive  coal-measures.  But  when  we 
come  to  the  district  to  the  north  of  the  Leicestershire 
coal-field,  and  endeavour  to  trace  the  northern  limits 
of  this  productive  area,  we  have  to  guard  against  the 
uprising  of  the  lower  Carboniferous  rocks,  because  it 
is  quite  certain  that  these  rocks  were  brought  up  boUi 
at  the  close  of  ihe  Carboniferous  age  and  of  the 
Permian  age,  and  were  subjected  during  both  poiods 
to  an  enonnous  amount  of  denudation.  But  if  we 
come  over  to  the  district  of  Cheadle  in  Stafibrdshire 
and  endeavour  to  ascertain  the  direction  of  the  dip  of 
the  coal-seams,  we  find  there  that  along  the  district  of 
Cheadle  and  that  of  the  Potteries  there  is  a  general 
south-west  dip  of  the  coal-seams  ;  and  therefore  in  all 
probability  south  of  a  line  which  may  be  drawn  from 
Cheadle  to  A8hby-de-la-21ouch  in  Leicestershire  we 
should  find  the  northern  limits  of  that  productive  area 
which  I  have  now  been  speaking  of.  Between  the 
borders  of  the  Leicestershire  coal-field  [and  the 
southern  limits  of  the  Nottinghamshire  coieJ-field  I 
do  not  (^prebend  that  any  coal-seams  whatever  will 
be  found,  for  we  find  the  lower  Cu'boniferoas  rocks 
brought  up  north  of  Aahby-de-la-Zoach,  and  we  find 
along  the  mai^in  of  the  Nottinghamshire  ooal-field  a 
general  tenden<7  of  the  seams  to  dip  towards  tlie 
north-east,  and  therefore  I  think  it  extremely  impro- 
bable that  any  rocks  other  than  the  lower  Carboniferous 
exist  between  the  northern  limits  of  the  Leicestershire 
coal-field  and  the  southern  limits  of  the  Nottingham- 
shire coal-field.  Therefore  in  this  map  (  producing  a 
map)  I  have  lef^  this  space  blank.  With  regard  to 
the  extension  of  the  Nottinghamshire,  Derbyshire, 
and  Yorkshire  coal-field  eastward,  there  can  be  no 
question  that  the  coal-seams  rango  to  a  very  great 
distance,  because  although  the  Permian  rocks  rest  un- 
oonformably  upon  the  coal-measures,  yet  there  is  a 
general  tendency  in  the  coal  seams  to  dip  towards  the 
eastward,  and  I  think  that  it  is  only  there  a  question 
of  depth  and  not  of  extension  which  will  deter- 
mine the  eastern  limits  of  the  wwkable  coal  of  that 
country. 

328.  (Chairman.  \  Do  not  all  the  Derl^slure  coal- 
fields (Up  to  the  eastward -7 — 

Yes,  and  sometimes  at  a  higher  angle  than  the  Pot- 
mian.    What  I  have  stated  relates  to  the  extent  uid 

distribution  of  the  coal-measures  themselves,  over  the 
central  counties  and  Shropshire,  and  extending  into 
Lancashire. 

We  now  come  to  the  subject  of  the  thickness  of  the 
overlying  Triassic  and  Pei'mian  rocks.  With  regard 
to  the  original  limits  of  the  Permian  formation  of  the 
central  counties  and  Shropshire,  I  think  that  Professor 
Ramsay  will  agree  with  me  that  all  the  Permian  rocks 
of  Warwickshire,  South  Staffordshire,  Denbighshire, 
and  Shi-opshire  are  a  <rroup  Mtti  generis,  they  are  ell 
<^  one  character.  I  do  not  mean  to  say  that  there  are 
not  certain  beds  in  one  part  which  are  not  in  the 
other,  bat  they  are  all  of  a  spedal  tjrpe,  md  I  think 
that  there  are  very  strong  grounds  ror  believing  that 
the  original  margin  of  the  basin  in  which  tiiese  Per- 
mian rocks  were  deposited  was  only  a  very  little 
more  extended  than  thnt  in  which  the  coal-measures 
had  previously  been  deposited.  We  have,  I  think, 
the  strongest  evidence  that  in  the  Leicestershire  coal- 
field we  are  actually*  on  the  margin  of  that  Permian 


*  To  tbe  north  of  the  river  Sow,  near  the  villttge  of  Wyken — 
«  The  Geology  or  the  Warwiekshin  Coal-field,"  p.  St. 


basin,  and  I  believe  that  the  uprising  of  these  Silurian 
and  Carboniferous  rocks  shut  off  tlie  whole  o£  the 
Permian  rocks  of  YOTkahire  and  Durham  from  those  of 
the  midland  coonties.  That  aoconnts  for  Sir  Rodnick 
Murchison's  observation  of  the  extreme  dissimi- 
larity between  the  Permian  beds  of  the  central  coun- 
ties and  tiK»e  of  the  north  of  England.  We  have  the 
mai^n  in  Leicestershire,  we  have  the  margin  most 
clearly  in  the  Alberbury  district,  in  Shropshire,*  and  I 
have  endeavoured  to  indicate  a  limit  under  the  district 
of  Mid-Cheshire,  and  therefore  it  is  towards  the  centre 
of  this  region  that  these  rocks  attain  their  greatest 
thickness  of  2,000  feet,  that  is  to  say,  Warwickshire 
and  Staffordshire.  The  sections  and  memoirs  of 
the  geolf^cal  survey  give  approximately  the  thick- 
ness of  these  Permian  rocks  in  different  parts  of  the 
central  counties  and  Shropshin^  and,  to  these,  I  'beg 
leave  to  refer  the  Committee.  I  therefore  leave  the 
Pannian  formation  and  cone  to  speak  of  the  Trias. 

Now  the  Triassio  rot^  as  I  have  shown  on  a  for- 
mer occasion,  I  think  by  the  most  positive  evidence^ 
have  been  distribnted  at  a  definite  plan  of  arrangement 
all  over  the  central  cotmties,  and  extending  into  Lan- 
cashire, f  That  arrangement  is,  to  decrease  in  thickness 
when  traced  from  the  north-west  towards  the  south- 
east ;  and  by  means  of  the  various  sobdivisions  of 
these  Triaasic  rocks  which  we  have  established,  and 
which  we  have  mapped  out  all  over  this  country, 
we  are  able  to  estimate  with  the  greatest  approach 
to  accuracy  the  actual  thickness  of  that  forma- 
tion in  any  single  spot.  If  we  take  the  Triaesic 
series  of  South  Lancashire  and  Cheshire  we  find  that 
we  have  there  theBunter  sandstone  attaining  a  thick- 
ness of  1,200  or  1,500  feet  (these  are  maximum  thick- 
nesses), the  lower  Keuper  svidstone  with  a  m^yimMn* 
of  450  foe^  and  the  red  marls  not  less  than  8,000  feet; 
they  are  at  least  that  tiiiclcaeBB  in  Cheshire.  Now  if  we 
trace  these  beds  into  Stafi^ndshire  we  find  a  (Kmstant 
diminution  in  their  thickneflses,  and  tiie  Bunter  sand- 
stone may  tiiere  be  set  down  in  round  numbers  at  600 
feet,  the  lower  Keuper  sandstone  at  250,  and  the  red 
marl  at  1,000.  Therefore,  in  order  to  determine  the 
depth  of  the  coal  in  any  of  these  districts  where  it  is 
supposed  to  exist,  we  have  at  least  this  part  of  the 
problem  very  clearly  solved,  namely,  the  thickness  of 
the  New  Red  Sandstone,  and  that  thickness  wUI  vary 
considerably,  even  in  the  same  district,  by  reason  of 
the  lines  of  fault  which  displace  the  beds,  and  which 
cause  t^e  depths  to  increase  and  to  decrease  suddenly. 

I  may  now  be  allowed  to  bring .  my  observaticms  to 
a  close,  and  I  beg  leave  to  hand  in  this  map  on 
which  is  shown  the  extent  of  the  present  coal-fields  at 
tiie  Burfiu»,  the  extensiim  of  the  coal-^eams  to  a  depth 
of  ^000  feet  under  newsrfonnationa,  by  a  certain  inter*> 
me^ate  grade  of  shading*  and  the  still  farther  exten- 
uon  of  the  coal-eeams  to  a  depth  of  4,000  foet  l^^  a 
third  and  a  lighter  degree  of  Bhading.^  The  portion 
which  is  crossed  by  red  lines  is  to  show  the  region  in 
which  I  think  it  highly  improbable  that  tbe  coal  for- 
mation was  ever  deposited.  I  have  had  a  diagramatic 
section  from  the  north-west  to  the  south-^east  of  Eng- 
land, enlarged  from  one  which  I  made  for  The  coal- 
fields of  Great  Britain,"§  showing  the  general  view 
whichi  entertain  as  to  the  arrangement  of  the  different 
formations  along  a  line  drawn  from  the  north-west  to 
the  soutli-east  of  England.  This  purple  colour  repre- 
sents an  ideal  view  of  the  rocks  on  which  the  Carboni- 
ferous formation  is  deposited,  induding  Devonian, 

*  The  Albtrbory  Bad  Cirdeslon  breeoia,  wcit  of  Wirewibury, 

origuuOly  described  by  Sir  B.  Mnrchiion  in  **The  SUoifn 
Syston,"  can  only  be  regarded  aa  a  sbiogle  beach  of  Pennian 
age  formed  aloog  tbe  margin  of  the  Permian  basin  in  Shropabire  { 
wmle  Professor  Ramsay  has  shown  that  the  Silarian  and  Cam- 
brbn  tracts  of  the  Longmynd,  Stiper  Stones,  &c.,  were  land 
aor&ces  daring  the  Permian  period.  "  On  the  Pennian 
breceia,  &c.,"  Jonra.  OeoL  Soc.,  London.  YtA.  xi. 

t  **  On  the  South-easterly  AttennatiaD  of  tiie  Lowr  Secon- 
dary FormatioDB,  ftc.,"  Joum.  OeoL  Soc.  V<d.  xri. 

X  This  map  is  bat  a  modification,  and  on  a  amaUiir  scale,  of 
one  irhich  aconapaaleB  mj  wofk  on  the  "The  Coil-flelds  of 
Great  Britain." 
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Sihnilm;  aad  Cunbruoi:'  lV)w«ddB  ^nortb-west  of 
Eogland  th«  k>we^  CarbonifBrouaBedinoDeirtMry-beda  dad 

  ihc  isoal  fonnatim  are  shownito  sttain'thfllr-maaumnm 

tl  Mudi  IMS.  developmenl^  thjimmg  kw9j  in  the  nudkod  oouHties 
aad  towards  the  sfratb-eksteni  :<«oiiiitos,  filling  rnp 
original  imgularities  in  the  fimn  of  the  4oot.  Here 
it  hu  been  ^owB-  tiuii  4bs.  coal^ieaBniH'iprftdiuUy 
decrease  m  tbiokness  tcnrards  the  south-east  &nai 
their  outcrop,  and  terminate  against  the  original  mn^- 
gin  of  the  tMikD  formed  of  elder  reeks,  -  HielWassie 
strMa  are  believed  to  ■inereone  •  in  thifAaesa  fpom 
thei)r  ontcim  on  the  north-west,  and '  gradnaUy  to 
lessen  toworda  the  south-eaet  nnti^  th^  alsa  terMinmte 
BgainM'Uie  upHsing  of- the  old  palsBMie  roc^.  In  a 
similar  mannSF  the  Jomssic  8etie»>is  sapposed  to 
«»1hiittate  ag^st  Hie  shelrfng  sides  of  tfaie  'original 
land  emiimbb  ;  and  ultimatefy  this  aeoonnts  for  the 
Absence  of  these  fonnatiens  In-the  b<n4iig  at  Harwieh 
between  ^  base  of  die-eretaeeoas  sMdee  and  -die 
hnrer  Cwbonifbrons-slate."      -  •  • 

{The  CammUtae  reguested  Mr,  Bkil  to  prepan-  a 
map  on  a  redueod'teau  WnHtwhe'of1ii^  «vidonoe.) 

:8a9.  <<^iMrwn)  -Anothi^  -'^Miitiott  whiefa 'I 
wonid  a^  jaa  is  with  refeMnee  to  the  Tiews  which  I 
pnbliiiftied  'two  yearB  ago,  a  eOpy  of  whieh  I  'hiTeinrt 
mto  the  hands  of  varions  eomnussiBn«*0v'but  which  I 
have-not  pat  in  evidence  hare.  -I  wish  yoa  to  state 
What  «xtentthc«e  Tie WB  which  I  have  printed  eoincide 
with  joar  own,  as  to  the-BouUieni  limit  of  the  <coal 
fields  of  England,  as  to  the  nen-4xistence  of  a  coal 
field  tinder^e  eastern  parte  of  Twluhife^  and  as'to 
the  prcJott^tion  of  Irue  and  good  ooal  nndw  the 
snperjacmt  fbrmatione  in  IfottinghatBshii«-  aind  the 
adjacent  oouB^es  ? 

{Mr.-  J¥Mll.)  Ton  were  kind  enough  to  send  me 
a  copy  of'  that  pi^F  Bcme  miBntfas' <ago,  and  I  mad 
it  earefVilly-  at  Ae  timew  '  When  I  reM  it  it  occurred 
to  me !  tlmt  yonr  riem  and  m^-  own  eoirespcmded 
eenea-idly  and  very  closely  on  those  points.  -  I  lAonld 
have  been  aMe  to  ge  into  the  putkman  of  thtt  agree- 
ment*  and  should  have  done  sd  with  -  j^eaenre,  but  I 
only  received  notice  that  I  should  be  called  up  to  this 
meeting  a  very  few  days  ago,  and  when  I  was  oa  the 
point  of  leaving  home.  Therefore^  owing-  to  that 
drcnntBtanee,  I  have  not  had  "toe  aiid  opportunity  t» 
^6  step  by  step  into '  thoe«  views  which  are  publishcid 
in  that  papery  bat  I  distinctly  recollect  that  generally 
btir  views  veiy  closely  coincide. 

330.  (  Chairman. )  Agreeing  entlrdy  with  yon  in  yotir 
lAeseription  of  the  attenuation  of  this  great  coal-field 
as  ii  proceeds  from-Flintshlre  md -DenlHghshire  into 
tiie  T^bn  which  I  described  30  yeaxB  i^o,  into  certein 
pbfH'.uid  little  eod>^eId8, 1  wish  to  bA  you  in  refer- 
ence to  one  pfdnt-  of  your  evidence  what  indications 
have  yon  of  a  great  barrier  separating  the  -CheshiM 
barin  Into  tW(^  except  the  proofs  yon  have  given  of 
tiie  Teladons  of  the  'CaxibonifHons  limestone  t6  the 
Miperior  deposits  upon  the  east  as  well  as  upon  the 
west?  •  ... 

'  {Mr.  SuH.)  Besides  the  evidenoe  whidi  yon  have 
referred  to,  and  the  evidence  which  we  have  on  the 
west  side  (in  FlintehireX  which  is  of  a  similar  character, 
we  reqnire  a  reason  for '  the  extreme  dineimilarity  of 
the  Fennion  formation  in  the  districts  of  Soath  lAiica- 
vhire  and  Cheshire  and  of  the  same  formation  in  the 
midland  counties  and  Shropshire ;  and  the  supposition 
of  a  barrier  of  lower  Carboniferous  rocks  dividing  the 
two  areas  into  separate  Permian  basins  seems  to  go 
fu>  to  solve  the  problon.  I  look  upon  the  lower  Pw- 
mian  finmatiou  of  Lancashire-  as  intimately  ooimected 
'With  that  of  t^e  north  of  England.  Tn  the  centre  <tf 
England  and  Shropshire  I  do  not  ecmsider  ^t  we 
have  my  representatives  of  the  magnerian  limestone 
aeriea.  The,  eTiden<;e  of  liie  ezistemn  of  that.bqirier 
xoats  on  the  Wgrouods  I  have  stated. 

331.  {Chmrvtdn,)  You  have  snggested  that  to  the 
north  and  north-east  of  the  Leicestershire  coal-field,  and 
between  that  and  the  Derbyshire  coal-field,  th^re  is 
no  probability  of  finding  com.  .  Have  you  liewd  of  the 
recent  borings  through  the  New  Bed  sandslione  to  the 
south  of  the  Trent,  in  which  coal  has  not  boM  found  ? 


I  a  ftctthere  k  Ihis  high 


-■<iEfrv  £fM<tf)' Yasi''  Ofie6arM'that' remhi^  o£  mine 
referred  -  to  a-  distriofi  ivriiick  wo«ld'  b^inelnded  aoutfa 
of  « line  dvawn  iroin  tlie  base  of  the  coal-formation 
near  Notting^tam-  roimdibowards  -^"senth-eaat  i  but 
betwem  that  line  -»nd  the  LeiM8terAtoe-eanl-4«ld  we 
Aould  harai-ntathii^p^  .bat-  the  knrer  Carboniflttoos 
heds,.aad  l  am  not 'mrpriaad  at^tlie  lesnttn^  of  the 
hiving  you  hsv0  alluded  to. 

861*^  (CftoAvum.)  In  addition  to  OegeDBraMiBgram 
irincAi  ycm  have  prsatoted  to  us,  leptesentifi^  the 
thinning  -ent  of  all  -the  ooat-mcasimae  and-  the  over- 
lying-deposits  to  Ae  south-east,  b«ye:yon  not  pub- 
lished in.  the  joumid  of  the  Gtedogieal  Sboietj)  a 
nrnmoir  which  shows  the  attenuation  of  most  of  the 
ooGtio  ovwiyihg  fbrmatims  in  the  aanle-  directioD  ?— 
Ihave;  (Vobxvi.) 

332.  {»br.  Diekmswti)  With  regard  to  your  view 
of  the  probafaiUty  of  ooid  bting  ' found  under  this  great 
owtral  part  of  Engtend,  I  may  say  that  ttvne  i»  nucfa 
in  whicl  I  entirelyfconcur.  to.  the  matginfof  th^ 
eoal  fields  of  which  y«n:hM«  spoken  is  thco^  oeC  for 
»eonsiderable  portion  of  it  high  land  upon  the 
lemt  oc«l«en»  neat  I  r6fer  to  Duil^^hire, 
Flintshira,  and  the  northern  part  of  LameaBliire,  and 
the  saparatiffli  hy  Ais  Pennine  chain  between  Iiiinea- 
shire  and  Torkttipe  and  Derbyshire?  •  -  ■ 

{Mr.  JSirtt.)  Tes,  but  that  is  owing  to  the-upbeaval 
of  the  lowN*  Cart>enilfi»eas  rooks.  llMt  laud 
does  not  neeeaaarily  mark  Ae  origmal  margin  of  the 
eoal-besin.  . 

833.  {Mr,  DkiituoH.)  But 
land  ?■»— Yes. 

334.  Did  you  hear  Mr.  Godwin-Anstm  y«steNay 
allnde  to  that  feature  in'  tracing  oat-  the  view  wfaidi 
he  hol^  with  r^^ardtothe  probaUe  extensiira-of  Ae 
Somersetshire  cosi  field  eastward  ^^Yes. 

{Mr,  DiekituoH.)  To  that  extent  do  yoorob- 
servationB  oorroborate  the  view  taken  by  Mr.  G«dwiii- 
Attflten  ei»«hnt  point  ? 

(JIfr.  JKtK.)  Ko,  I  do  not  tiihik  so,  because  in  the 
district  of  Denbighshire,  LanoMhire,  Derbyshire,  aad 
Tnkiblre  all  Hub  high  -ground  is  com{>o8ed  of  rocks 
oldw  than  the  ooal.  In  the  dstrict  to  which  Mr. 
Godwin- Austen  referred  yesterday  tiie  formations 
whieh  -oompoae  the  high  ground  are  ali-  of  rotks 
newer  than  the  coal,  and  tlmrefore  I  do-  not  think 
that  the  oases  are  analogous. 

336.  {Mr.  Diekinion.)  Li  the  pertmhdf  the  district 
of  Franee  to  which  he  aUnded  did  he  not  sutfpose  tiaA 
the  older  rocks  framed  the  base  on  wlilcb  -  ttese 
higher  onss  were  resting  ?— Do  yOu  mena  -  by  tfae 
*^  ^der  rocks  '*•  ibe  Oarbeniferoas  ?  ■ 

337.  (Mr.DuikmMm.)  Older  than  ffceCarboeifefeas. 
{Mr.  Hull.)  Yes,  he  dearly  stated  that  the  eoal- 

measures  rested  on  roekB<elderthan  the  Carbon  iferooB, 
but  tiiose  are  not  tfae  beds  which  <^ed  ^  hOls 
to  whidi  he  refiarred,  those  hiUs*ere-A»med  gmer- 
aUy  of  CtetAeeons  nx^.  I  do  not  see  any  oonoexiM 
between  the  phyrieal  features  which  Mr.  Godwin- 
Austen  described  yesterday  and'  those  of  tfae  dis^ 
in  the  nortfa  and  centre  of  England. 

338.  {Mr^  DidkinMH.)  Upon  this  map  which  you 
have  put  in  I  see  that  you  leave  it  an  open  question  M  to 
the  probaMBty  of  finding  coal  east  of  the  Somerset- 
shire coal-field  ? 

{Mr.  Hull.)  I  have  already  stated  that  I  do  not 
wish  to  go  into  die  evidence,  or  to  refer  to  the  distHcl 
south  of  a  line  drawn  I  may  say  cast  and  west 
through  Chelteohsm,  because  the  snbject  was  so  foUj 
discussed  yestetday  tfaat  anything  iriiidi  I  could  hare 
to  say  upon  tbie  snigect  wc»iM  not  ndd  to  yonr 
knowledge.     '      <  - 

839.  {Mr.  tHtMnmm.)  Pardon  me,  yon  have  evi- 
dently given  very  great  consideration  to  this  solgee^ 
and  you  have  in  your  book  publidied  yonr  view  npoa 
^faat  point.  Jn  the  map  which  you  havo  put  in  do 
yOu'  not  leave  it  as  an'  open  question  that  there  is 
a  possibiliW  of  coiil  being  'found  in  that  tiact?— 
Certainly ;  I  use  the  word  "  possible,"  and  that  is  aUf 
but  1  do  not  wish  to  go  any  Aurther  than  "  poHtt)le." 
I  do  not  think  that  anyena  wMl  deny  tfae  posBibiH^. 
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.  340.,  {CAaimum.y  Jjo,  other  words,  you  do  not  wish 
to  go  into  what  is  a  hjpodiesis  ?— ^iut  so,  wHh  re^iarii 
to  the  extension  of  a  coal  bank  along  the'  l^iuneB' 
Vallej.     ■  .....  Q  .-  .  . 

341.  (Str,  ZHckifuon.)  With  reg^d  to  the  dip  Of  the, 
Yorkshire  coal-£dd,  apd  the  coal-field  south  of'it,  to 
the  eastward,  is  there  my  probable  limit  which  .you 
would  assign  as  to  the  dip  of  tb^  coal  in  that  direi^tion ; 
OT  is  it  probf^le  that  i(  jfx^j  tiara  up  again  and  form  a 
basin  on  the 'east.?  . 

{Mr.  3uil.)  I .  think  that  '  fliat  is  a  vefy  pt^per 
sabject.  for  disciissioti,  I  think  that  there  is  A  pro- 
longati(jn  'of,  tjhe  orijjin^l  paargin  which  we  fiarifi 
traced  into  Xeicesterslure,  and  which  I  ihi^k,'  in  all 
probability,  extends  ip  a  north-easterly  direction. 

3,42.  {Mr.  pickinson.)  Te  enable  the  Comilii^ion  pa 
coirLQ,.to  a  qoi^(:[lifBi6i^.a3.to  the  probable  extOnt  <it'  thkC" 
co'al-field^  .will  you  oblige  us  by  venturing  an  bpiaion 
as  tp  whal  is  the  probal)le,  wic(th''of  ^at  coal-^eld, 
hpw  far  U.^'ill  ^ie.n^  to  the  oast?— ;;^3t  dp  not  think 
that' I.BhQi4d,ultejlo.''hazw^  an,. opinio))  upon  .that 
subject,  but  beUeve  thatt,,for  piining  operations,  it 
frill  t)Q  f^-.q^fisfli^  oi  (lapui  an4  9^  extendtou  id 
tluB  caaeb  ....  -  ... 

3^3*,  {Ji^,  Dieiinso^t)  YouTiaying^udiedtheBn'bT. 
ject  so  thcwou'ghly,  ihens  possibly  may  tiave  been  some 
conjecture  form^  b;^  you  as  to  how  far  t)ie,  Derby- 
shire cu^  fielct  extends  to  the  east  ? 

(^r,  fftiil.)  .Judging  hj  the  analogy  of  oiher  coal- 
fields, and  Judging  ly  the  faci,  as  I  have  been  informed, 
that  In  the  co^-fi^d  of  I>arham  when  the  seams 
are  '  traced  under, !the  sea  it  is  found  that  they 
have  a  tendency  (9  ^  eastward,  I  t^i^k 
that  it  is  hot  at  all  improbable  that  at  som^  in- 
definite distance  to  the  eastward'  of  the  Derbyshure  and 
Yorkshire  coal-field  the  coal-measures  will  actually 
be  foiiiid  to  rise  to  the  eastward. 

344.  (Mr.  Dichinton.)  And  to  crop  tip  agunat  these 
overlying  rocks  ? — Yes  ;  bui,  as  I  said  beforej  it  is 
probable  that  the  limit  of  actual  ipining  will  he  deter- 
mined iQOTe  by  the  thickness  of  the  overlying  formations 
ihm.  hy  *h»  actual  limit  ot  the  coal-field  itoelf. 

345.  {Chairman.)  Xb  not  tha't  last  answer  of  yours 
purely  hypothetical,  and  has  it  any  foundation  what- 
ever to  rest  upon  but  the  evidence  deriveid  from  the 
other  «ide  of.  the  channel  as  to  the  existence  of  an 
eastern  margin  to  a  coal  basin  under  the  supeijacent 
rocks? 

{Mr,  Jlufl-)  If  tlie  axis  of  this  coal-field  had  hap- 
pened to  extend  in  an  east  and  west  direction  instead 
of  in  a  north  and  south  diroctionf  I  think  that  I  cpuld 
have  called  in  that  as  an  argument,  but  I  dc  not  think 
that  I  can  do  so  at  present.  I  o^y  refer  to  the 
general  tendency  of  these  coal-fields  to  foim  , basins, 
of  whioh  the  cral-field  of  South  Wales,  the  Forest  of 
Dean,  Ihe  Somersetshire^  and  that  of  Dnrluui,  seem  to 
be  examples., 

346.  {Chairman.)  In  looking, at  the  map  of  Europe^ 
the  question  which  has  been  asked  hy  Mr.  Dickinson 
is  whether  ify/sr^  is  ^  probability,  of  the  older  forma- 
tions rising  to  the  sur&ce  far  to  the  north-east,  of  th^ 
Derbyshire  ooiU-field.  It  appears  certain  _that  there 
is  no  evidence  in  the  lands,  whether  of  North  Holland 
or  of  Denmark,  of  any  uprising  whatever  of  the  older 
rocks,  to  the  surface  to  indicate  that  there  is  tmy  pro- 
bability of  a  coal-field  being  broqght  in  there  ?  • 

{Mr.  Mull.)  No;  on  the  (»ther  hand,  I  quite  agi'ee 
with  Mr.  Godwin-Austen's  view  of  the  extension  of 
(he  very  ancient  rocks  of  Norway  in  this  direction, 
and  that  in  fact  the  roc^  of  the.G^brian  age,  which 
.we  have  in  the  c^n^  of  Engl^ipd,  arp  merely  a  prolong 
atioQ  of  this  ancient  tract  of  the  older  rocks. 

347.  {Chairman.)  If  that  hypothetical.,  view  be 
adopted,  then  the  rocks  which  are  so  extended  under- 
ground will  he  older  1|ian  tb^  co«l-field  ?     .  , 

{Mr.  Midi.)  Xoe, ,  an4  t^X       form,  (he  original 
margin  of  it 

34B.  (CA^m-moA.)  According  to  the  hypotfaetiud 
views  of  Mr.  Grodwin-Austen,  in  which  you  to  a 
jdajftajp^Q^^tent^^^,  the  extension  of  the.^candina- 

3li2 


in  England  would  he  beneath  all  the  prqdnctive  coal- 
field'?—J'ust  so. 
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'  849.  {F)rpfes80T  Ramsay.)  Mr.  Hnll  has  evMeotly  "   

considei^  the  question  of  the '  distribution  of  <l»e  sllbrchlMS^ 
coal  fields  under  the  Permian  And  Secondary  rock* 
so  thoroughly,  so  profoundly,  tmd  with  bo  mncb 
judgifnent,  that  I  edtirely  agree  with  aflmott  era*/-' 
thing  he  has  said.  l  uiomd,  however,-  like  to  ask 
one  '6t  two  questions  wftich  are  comparatiretf  UD^' 
impot'ia^.  ■  {To  the  witness,)  Have 70U  conMd6red 
what  are  the  probabilities  of  there  being  coal  under 
the  New  ^qd  Sandstone  of  the  Vale  of  CTwyd  ?  " 

CJtfr.  Hull:)  I  cannot  say'^that  I  have  conudbred 
that' question  with  snfilicient  att^tion  to  pr<M)'onnoe 
tid  Opinion  upOn  It.'  I  may  state  as  a '  fact  that  a 
boring,  has  been  carried  on,  but  is  now  abidadoned, 
a^nt  three. miles'  east  cX  Rhyl,  in  a  poditien  abont 
luilf  a  mile  to  the  nd^th'  of  ^e  cliff  of  'mountaia' 
limestone,  in  which  Aoal-tneasures  of  ^ome  kind,  and' 
above  the  mountain  limestone  were  found,  and  (iiere^' 
fore  the  probabilities  are  that  the  monnlaln  linteettme 
to  tl^e  east  of  Rhyl  is  terminated  by  a  &tt1t  olSifif 
thd  New  Red  Sandstone,  which'  ritay  possibly  throw 
iii  a  little  of  the  coal-measnres  and  uie  tailllrta&e  grit. 
But  if  say  coal  exists  in  the  Vale  of  Olnrd  it  wffl 
be  an'extremely  small  portion  near  the  month. 

350.  {Professor  llamsdy.)   I  presume  that 
kiiow  that  there  are  no  workable  coal  measures -On 
the  Menai  Straits  ? — ^Yes.  ' '  • 

351.  (Professor  Ramsay.)  Yon  ha^ii  stated  that 
you  think- that  the  extent  of  workable  coal  east  of  the 
Yorkshire  and  Derbyshire  coal-field  will  be  a  question 
of  depth  more  than  the  form  of  the  coal  measures 
underneath  the  Permian  and  Secondary  rocks  ? — Yes. 

352.  {Professor  Ramsay.)  How  far  east  might 
you  go  before  the  depth  would  become  so  great  as  in 
your  opinion  to  make  it  impracticable  'to  procure  coal 
by  sinking? — That  takes  ue  into  another  qnestion 
utogether,  namely,  the  question  of  depth.  TTpdn  this 
map  I  have  shown  the  distance  at  Which  I  think  coal 
would  be  found  at  a  maximum  depth  of  4^000  feet. 
That  would  stretch  as  tkr  east  as  the  eacarpnuait  of 
the  chalk  in  the  Humbef.  *  i 

353.  {Professor  itamsay.)  And  farther  strath  how 
far  ^  east  would  it  go  ? — I  would  fcarry  the  line  in  a 
nearly  north  and  south  direction 'down  toXiincoln. 

354.  {Professor  Ramsay.)  You  are  probably  award 
that  the  angle  of  the  coal-measures  over  a  large  part 
of  the  area  occupied  -by  the  Yorkshire  and  Derbyshire 
coal-fields  is  very  small  ? — ^Yes. 

.  355.  And  it  has  been  shown  t'hai  in  some  places 
where  they  sink  through  the  tnagnesian  limestoie'tiie 
angle  is  still  lower  ?  .  . 

{Mr.  Mutt.]  I  have  no  doubt  tliat  what' you  state 
is  the  ctte ;  hut  in  a  spedial  instance  which  Mr. 
Woodhouse  clesfirihed  to  me  the  reverse  waff  the 
case.  I  think  th'at  after  a  distance  has  been  attained 
ithe  beds  iriU  become  flatter  and  actually  'flat-,  aftd 
will  very  probably  rise  to  the'  east ;  but  whether 
as  far  ua  mining  operations  have  gone  that  has 
taken  place  or  not,  I  am  not  prepared  to  say  ;  in  fact, 
I  am,  not  sufficiently  acquamted"'with'"fiie  mining 
operations  there  to  give  an  opinion  upon  that  point. 
J  can  only  state  that,  with  regard  t6'  thit  sp^ial 
instance  which  Mr.  Woodhouse  informed  me  of,  upon 
wjhich  he  doubtless  can  give  information,  the  dip  of 
the  coal  beds  beneath  the  ma^nesian  limestone  was 
greater  than  that  of  the  magnesian  limestone  itself. 

356.  {Professor  Ramsay.)  Where  is  that  spot 
X  liiink  that  it  is  north  of  Shireoaks. 

357.  M/  !object'  in  asking  these  quesdons-  is  to 
^^deayisiur  to  obtain  some,  possible  data  for  attemjpting 
to  esdmate  at  wliat  distance  from  the  edge  of  the 
inagnesian  limestone  the  Millstone  Grrit  would  crop  out 
.agunst  thebaseof  thePermian  strata  On  the  east^  side 
^  the  coal-fi!eld.  I  believe  that  it  is  a  basin,  and  that 
the,  Northumberland  and  Durham  coal  field  {pointing 
tojhemap)  ifl  another  basip.  West  of  Nottingham  we 
have  the  Millstone  Grit  .turning  round  on  the  south  of 


Digitized  by 


Google 


D32 

Mr.Edmrd 

BuJL 

Slllindi  18(8. 


444      dK  THS  PBOBABILITr  Of  HNSING  OOAI.  tTNSEE  THE  FEKHIAN,  NEW  KfiD 
SANDSTONE,  AND  OTHES  BtrPERINGlTHBENT  STRATA. 


shire  coal-flfild,  uid  as  manj  coftl-fields  «:«  banns, 
either  perfect  at  tlie  sor&ce  or  partiy  concealed  by  un- 
ccmformable  overlying  rocks*  I  believe  that  the  form  of 
the  Yorkshire  and  Derbyshire  coal  field  is  probably 
basin  shaped,  its  eastern  margin  being  concealed  by 
permian  and  secoadary  strata.  If  the  coals  begin  to 
flatten  in  any  of  the  known  pits  sunk  through  the 
magnesian  lixuestone,  we  should  then  have  a  possible 
indication  of  an  approach  to  a  commencement  of  an 
eastward  rise  of  the  coal  field  under  the  unoonformable 
strata? 

{Mr.  Hull.)  I  have  no  doubt  that  Mr.  Woodhouse 
will  be  able  to  give  you  full  details  upon  that  question. 
I  quite  concur  in  FrofesBor  Ramsay's  theoretical  view. 
(&0  atm.) 

358.  {Rvfessor  Ram*ay.)  I  presume  that  you 
Itave  not  any  means  of  correctly  estimating  as  yet 
the  thickness  of  the  New  Red  Sandstone  series  east 
of  the  Derbyshire  coal  fields  ? — No,  not  very  accu- 
rately, as  the  Greological  Survey  has  not  ret  completed 
the  investigation  of  that  part  of  England. 

359.  ( Chahman.)  If  the  hypothetical  view  which 
has  been  suggested  by  Professor  Ramsay,  and  which 
seems  to  have  a  very  good  foundation,  be  carried  out, 
will  it  not  follow  that  all  the  countr}',  and  the 
easternmost  counties  of  all,  will  then  have  beneath 
them  ridges  of  rocks,  older  than  the  productive  coal 
field?— Yes. 

360.  {Chairmati.)  Will  not  all  the  country  east  of 
the  escarpment  of  the  oolite  and  chalk  be  upon  the 
unproductive  and  lower  rocks  ? — {Professor  Ramsay.) 
Yee,  and  I  will  also  say  that  it  is  probable  that  tbe 
palsoBoic  rocks  underneath  the  oolitic  wolds  of  York- 
shire are  (dder  than  tbe  coal  strata. 

(  Chairman?)  I  am  quite  of  that  opinion. 

(Profeittor  Ramsay^  It  is  my  opinion  that  the 
Northumberland  and  Durham  coal  field  is  also  a  basin, 
the  eastern  edge  of  which  is  pwtly  covered  by  the 
Magnesian  limestone  and  partly  out  at  sea,  north  of 
Shields,  where,  however,  it  may  also  be  partly  covered 
by  magnesian  limestone.  The  top  of  the  millstone 
grit  (with  a  northern  dip)  forming  the  Bouthern  edge 
of  the  coal  field,  may  possibly  run  on  a  line  from 
near  Darlington  towards  the  mouth  of  the  Tees. 

{Chairman.)  From  observations  of  my  own,  I  quite 
agree  with  Professor  Ramsay  in  the  Idea  that  this  is 
a  basin,  and  that  fact  shuts  out  the  possibility  of  the 
upper  or  {o^uctive  carboniferous  rocks  being  fisund 
under  the  eastern  district  of  Yorkshire.  Even  if  any 
ooal  measures  be  there  continued,  they  can  only  be 
reached  at  depths  which  vrould  exclude  the  hope  of 
benefit, 

{Mr.  Geddet.)  I  confess  that  I  have  almost  leaned 
to  a  different  view,  namely,  that  this  is  a  great  ooal 
field — Uiat  has  been  my  impression. 

{Frofessor  Ramsay.)  The  coal  measures  were  not 
origin^y  deposited  in  the  basin-shaped  hollows  in 
which  most  of  the  coal  fields  now  lie.  After  the  close 
of  the  coal  measure  epoch,  the  coal  measures  and  all 
the  rocks  below  them  were  disturbed  and  thrown  into 
.  aseries  of  anticlinal  and  synclinal  curves,  many  of  which 
assumed  the  forms  of  egg-shaped  domes  and  basins. 
The  synclinal  curves  assumed  the  basin-like  form. 
Then  in  consequence  of  denudation  the  tops  of  the 
anticlinal  curves  were  in  a  great  measure  cut  off  and 
destroyed,  and  those  portions  of  the  coal  fields  which  * 
now  lie  in  the  basins  were  saved  from  destruction 
because  they  were  below  the  average  levels  of  planes 
of  marine  and  other  denudations. 

861.  (CAttsrmOR.)  I  presume  that  Professor  Bamaay 
will  admit  that  in  tJie  original  deposition  of  v^table 
matter  which  formed  the  coal  fields,  it  was  very  irre- 
gularly accumulated  in  thick  masses  here  and  in  thin 
masses  there.  The  attenuation  of  the  carboniferous 
rocks  has  been  clearly  shown  by  Mr.  Hull  in  their  pro- 
gress from  north  to  south,  and  I  presume  that  in  the 
original  formation  of  coal  in  thef*e  lagoons,  or  whatever 
they  might  hnve  been,  they  were  not  everywhere  con- 
uoustin  masses  of  importance,  but  sometimes  they 
were  as  poor  and  thin,  and  sometimes  of  great 
thickness}  and  that,  therefore,  (hough  doubtless  they 


have  been  ^ce  formed  into  banns,  as  Mr,  Bamaaj 

has  described,  the  uprise  of  the  older  rocks,  stiU 
originally  there  was  a  thick  and  a  thin  part  all  the 
original  coal  growth  (to  use  the  term  of  Mr.  Godwin- 
Austen)  spread  over  the  surface  where  the  coal  beds 
now  appear  in  patches  ? — {Professor  Ramsay.)  Yes, 
just  like  every  other  formation.  Every  formation  had 
Its  limits,  and  coal-fields  have  their  limits.  The  area 
over  which  coal  beds  were  formed  in  the  west  of 
Europe  was  shown  by  Mr.  Grodwin- Austen  yesterday, 
and  that  area  includes  all  the  existing  coal  basins, 
the  special  forms  of  which  are  generally  due  to 
subsequent  disturbances  and  denudations.  If  two 
chief  coal-areas  were  formed  in  the  British  Islands, 
one  of  which  is  occupied  by  the  South  Wales  and  tho 
adjacent  coal-fields,  and  the  other  by  the  middle 
and  north  of  England  coal-fields,  stul  the  details 
(tf  the  present  fbrm  of  the  coat-fi^ds  is  due  to  sab- 
sequent  disturbances  whidi  bent  the  carfooniferons 
rocks  and  other  strata  below  into  variouB  cunrea,  after 
the  close  of  the  deposition  of  the  coal  measure  strata 
Then  came  subsequent  denudations. 

362.  {Mr.  Geddet  to  Mr.  Hull)  As  to  the  occur- 
rence of  the  boring  at  the  mouth  of  the  Vale  of  Ctwyd, 
the  boring,  as  I  gather,  was  beyond  the  Ibnestcme  ? — 
Yes. 

363.  {Mr,  Geddes.)  And  ooal  was  found  where  it 
was  unexpected  ? — I  did  not  intend  to  say  coaL  I 
said  coal-measures.  I  referred  to  the  strata  above  the 
mountain  limestone. 

364.  {Mr.  Geddet.)  I  think  that  you  referred  to 
an  upheaval  ? — 1  referred  to  a  &nlt  which  has  pro- 
bably taken  place  betwem  llie  mountain  limestone 
and  the  newer  Carboniferous  beds, 

365.  {Mr.  Geddet.)  Do  you  think  it  probable  that 
the  Flintshire  coal-field  is  likely  to  slew  round,  and 
that  it  will  be  found  in  the  Vale  of  Clwd  ? — Yes,  I 
think  at  first  sight  that  it  is  probable  that  under  the 
sea  it  is  connected  with  perhaps  a  very  small  portion 
of  coal  measures  at  the  mouth  of  the  river  Clwyd. 

366.  {Mr.  Geddet.)  Then  if  so  would  you  expect 
to  have  seaward  coal-measures  at  some  period  r — We 
must  recollect  this  powerful  line  of  upheaval  alcmg 
the  Pendle  range  ;  and  anywhere  north  of  the  prolong 
atlon  of  this  Hoe  I  should  be  very  doubtful  of  coal 
being  found ;  in  fact,  I  do  not  consider  that  coal  will 
be  found  at  a  very  little  distance  north  of  LiverpooL 

367.  {Mr.  Geddet.)  Does  not  this  open  a  reason- 
able view  of  there  being  a  very  considerable  coal-field 
in  this  b<}d  ? — {Mr.  Hull.)  South  of  a  line  which  is 
an  ancient  line  of  elevaUon  ranging  across  that  part 
of  England. 

368.  {Mr.  Geddet,)  Have  yon  any  opinion  how  far 
seaward  the  Flintshire  coal-field  extends  at  the 
estuary  of  the  Dee,  and  at  the  mouth  of  the  Clwyd  ? 
— I  should  say  not  very  far,  but  as  far  as  the  prolong- 

-  ation  of  the  Pendle  line  of  upheaval,  which  ranges 
through  Blackburn  and  near  Ormskirk  in  a  south- 
westerly direction. 

369.  {Mr,  Geddes.)  To  the  south-east  of  that  line 
you  would  expect  a  coal-field  ? — ■Yes. 

370.  {Mr.  Geddes.)  ITnder  the  estuary  ? — Under 
the  estuary. 

371.  {Mr.  Geddes.)  With  refereuce  to  the  fault  ques- 
tion, a  question  was  put  when  we  were  dealing  with 
the  Somersetshire  bed,  whether,  in  the  event  of  a 
large  down  fault  of  1,000  or  1,200  feet  occurring  at 
^e  westerly  or  even  at  the  easteriy  range  there,  it 
would  not  go  very  much  to  open  np  the  probiUtilitj 
of  a  coal  field  coming  towards  Ix>ndon  ? — Certainly, 
if  there  was  a  fault  to  the  extent  of  which  yon  speak 
east  of  the  Somersetshire  coul-field,  it  must  neces- 
sarily re-introduce  the  coal  measures  under  the  Secon- 
dary formations. 

372.  {Profetsor  Ramsay.)  Do  you  know  of  any  evi- 
dence of  such  a  &uk  ? — ^No,  I  know  of  no  evidence  of 
such  a  fault. 

{Chairman.)  I  beg  to  state  that  Mr.  Prestwich 
distinctly  said  that  he  knew  of  no  such  fault. 

{Mr.  Geddet.)  He  did  not  know  of  it,  but  he  said 
that  if  (hat  fault  existed  it  would  be  bo.  the 
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principal  &altB  in  that  field  are  known  to  ran  north 
and  south— that  is  upon  the  eridence. 

{Mr.  Hvil.)  I  do  not  think  that  there  is  any 
evidence  of  any  such  fault. 

{Mr,  Geddes.y  I  do  not  know  that  there  is,  but  I 
am  assuming  that  it  mar  occur. 

(Chairman.)  According  to  my  impression,  the 
evidence  of  Mr.  Prestwich  distinctly  showed  that 
wherever  the  lower  carboniferous  formations  were 
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found  upon  the  east  side  of  that  Somersetshire  basin 
th^  invariably  dipped  to  the  west,  and  therefore 
dipped  away  from  the  eastern  counties.   

{Mr.  Geddes.)  Yea,  so  ftr  as  is  known.   We  have     March  1868. 
the  limestone  at  one  pdnt  and  at  another  point,  and 
there  is  no  connexion  between  the  two. 

{Chairman.)  There  are  fdao  intervening  boraes  of 
limestone. 

{Mr.  Gtddet.)  Yos. 


The  witaiesH  withdrew. 


Adjourned  to  Friday  next,  at  I  o'clock. 


COMHITTDE  D^Tenth  Meefcmg,  Friday,  27th  March  1868.  . 


Pbesewt  : 

Sm  RODERICK  MURCHISON  (in  the  Chair). 


Professor  Ramsay. 

Mr.  DlCKBNSOK. 


Mr.  Hunt. 
Mr.  Prsstwich. 


Mr.  Henht  WiLLiAK  Bristow,  F.R.S.,  examined. 


37^.  {Chairman,)  As  it  has  been  conndered  desi- 
rable to  ascertain  tiie  thicknwa  of  the  Secondary 
deposits  north,  south,  and  east  of  the  Mendip  Hills,  X 
beg  you  to  give  us  all  the  information  which  you  possess 
upon  this  subject  ? — I  produce  a  map.  First  of  all  1 
have  represented  the  mass  of  the  Carboniferous  Lime- 
stone strata  of  the  Mendip  Hills  in  a  rough  way,  and 
then  I  have  drawn  the  corresponding  lines  of  section, 
and  upon  that  I  have  traced,  as  nearly  in  their  proper 
positions  as  possible,  the  thicknesses  of  the  strata  at 
the  particular  points.  This  will  show,  in  a  certain 
degree,  the  way  in  which  some  of  the  strata  thin  out 
in  approaching  the  Mendips  from  noi-th  to  south,  and 
from  south  to  north,  and  alao  the  way  in  which  some  of 
them  entirely  dis^pear,  and  are  absent.  At  Dnndry 
the  Inferior  Oolite  is  70  &et  in  thickness,  die  Upper 
Lias  Sand  and  Clay  as  well  as  the  Marlstone  are 
absent,  the  Lower  Liaa  is  from  ft90  to  420  feet,  and 
then  we  get  the  New  Red  Sandstone  70  feet  thick, 
but  we  do  not  know  the  bottom  of  it.  Further  east, 
at  Staatonbury  Hill,  we  get  the  Upper  Lias  sand 
50  feet  thick,  and  the  I^wer  Lias  300  feet  thick,  and 
the  New  Red  Sandstone  below  it  of  unknown  thick- 
ness. A  little  further  south,  at  Priest  Barrow,  we 
get  a  trace  of  the  Upper  Lias  sand,  the  Lower  Lias 
is  reduced  to  246  feet  in  thickness,  and  the  Upper 
Liaa  is  entirely  absent,  and  we  get  the  New  Red 
^ttdstone  again.  South  of  this  at  Cluidown  we 
get  the  Inferior  Odite  75  feet  in  thickness.  The 
Upper  Lias  Sand,  and  the  Upper  Idas  Clay  as  well  as 
the  Maristone  are  absent.  We  get  the  Lower  Lias 
only  160  feel^  the  New  Red  Sandstone  is  150  feet, 
and  the  Dcdomitic  ConglcMuerate  is  about  20  feet,  and 
it  rests  np<m  Coal  fi&asnres.  Near  Upper  Tining 
Farm  the  Inferior  Oolite  is  30  feet  thick,  resting 
upon  only  90  feet  of  Lower  Lias.  The  New  Red 
Saodstoue  is  only  150  feet,  and  the  Dolomitic  Con- 
glomerate is  perhaps  20  feet ;  that  rests  upon  Coal 
Measures.  Up  this  valley  to  the  east  of  the  range  of 
the  Mendips,  all  these  strata  becoTse  extremely  thin, 
having  apparently  been  deposited  iu  the  continuation 
of  this  ridge  of  Carboniferous  Limestone.  The  strata 
are  extremely  thin  up  the  Radstock  Valley;  the  whole 
thickness  of  the  Upper,  Middle^  and  Lower  Lias  is 
reduced  to  68  feet ;  that  is,  in  the  Badstock  and 
Clandown  district. 

374.  (Mr.  Pre9taneh.)  Are  those  thicknesses  which 
you  have  just  given  us  determined  by  well-sections, 
or  borii^  or  by  estimated  thickness  from  the  out- 
crop?— ^They  are  by  the  Geolt^cal  Survey,  and 
those  thicknesses  are  put  upon  particular  points, 
correspondiag  w  newly  as  possiUe  to  the  oonstmcted 
sections. 


375v  (Profeuor  Bamsay.)  On  the  east  side  of  the    Mr.  H.  W. 
Bfondips  is  it  well  known  that  the  Secondary  i-ocks  Btitow. 
lie  directly  upon  the  Old  Red  Sandstone  and  the  — ~ 
Carboniferous  Limestone  ?— Certainly  ;  the  Inferior 
Oolite  rests  upon  the  Carboniferous  Limestone. 

376.  How  far  east  do  you  know  that  the  Secondary 
rocks  lie  directly  upon  the  Mountua  Limestone?— 
One  mile  north  of  Frome. 

377.  {Mr.  Prestmeh.)  Has  the  Mountain  Limestone 
been  traced  under  the  Secondary  rocks  in  the  districts 
to  the  £ast  of  Frome  ? — I  cannot  say  ;  it  is  so  long 
since  I  was  in  that  part  of  the  country,  that  I  know 
of  none.  - 

378.  These  secUous  in  the  neighbourhood  of  Frome 
are  all  published  sections  of  Uie  Geolf^ioal  Survey  ? — 
Exactly  ao. 

879.  Do  you  know  of  any  shaft  sunk  through  the 
Secondary  nx^s  to  the  south  or  east  of  the  Mendips 
in  search  of  coal  ?■— No. 

380.  Do  you  know  anything  of  the  shaft  which  is 
being  sunk  in  the  neighbourhood  of  Trowbridge  ?^ — I 
do  not  That  is  a  part  of  the  country  in  which  I  have 
not  been  ;  I  heard  of  it  the  other  day  merely  iuci- 
dentally. 

381.  Can  you  give  ns  any  evidence  showing  the 
variable  thickness  of  the  Secondary  rocks  iu  proceed- 
ing from  the  neighbourhood  of  the  Mendips  eaatwwd 
into  Wntahire  and  Dorsetshire  ?— Tea. 

382.  You  say  that  the  Secondary  rocks  are  very 
thin  at  Radsto<^  ? — ^Tes. 

383.  Can  you  proceed  from  Radstock,  and  show  how 
they  vary  in  thickness,  proceeding  eastward  ? — Shall 
I  take  the  strata  in  ascending  or  descending  order  ? 

384.  As  you  please  ? — The  Lower  Lias  :it  LnrKVKtt 
Beacon  south  of  the  Mendips  is  450  feet  thick  ? — At 
what  distance  is  that  from  the  Mendips  ?  It  may  be 
called  six  miles  from  the  southern  outcrop  of  thr* 
Mountain  Limestone.  The  greatest  thickness  of  the 
Lower  Lias  which  we  can  get  in  the  south-west  of 
England  is  at  Lyme  Regis,  where  it  is  635  feet  thick  ; 
so  that,  I  suppose,  we  may  take  that  as  tiie  greatest 
thickness  in  which  it  probably  occurs  in  the  south  of 
England.  At  Cheltenham  it  is  600  feet  thick.  At 
Lamyatt,  south  of  the  eastern  extremi^  of  the  Men- 
dips,  it  is  450  feet  thick. 

385.  Can  you  give  us  the  thickness  at  Bath? — 
Approximately.  You  cumot  see  the  bottom  of  it  at 
Bath,  because  the  lias  does  not  crop  out  there. 
Mr.  Lonsdale  gives  the  entire  ^ckness  of  die  liaa 
at  Bath  at  only  280  feeb 

(Profeuor  Mamsay.)  I  can  give  it  to  you  within 
«  veiy  few  nulss  of  Bft^  I  have  measured  it. 
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(  Witne$a,)  A  section .  has'  been  made  near  the.  ho.t 
welb  at  Bath,  where  they  paade  a  deep  well .  to  supply 
a  brewery,  and  they  tapped  the  same  water  as  there 
was  at  the  hot  Bpiings  apparently. 

386.  {Mr.  Prettunch.)  At  what  depth  is  that  ?—l70 
feet,  at  the  top  of  the  New  Red  Marl,  apparently. 
At  Clandowu,  the  whole  thJekness  of  the  Upper, 
Middle,  and  Lower  Lias  is  160  feet. 

387.  What  is  the  bearing  of  Clandown  from  Bath, 
and  what  is  the  distance  £rom  it  ?-^bout  ei^t  miles, 
south-west. 

388.  Can  you  give  the  thickness  of  the  Lias  at  its 
outcrop  in  its  most  easterly  extension,  pfooee^Dg 
north  of  the  Mendips  to  the  eastern  counties  of 
England  ? — I  can  give  four  thicknesses  immediately 
north  of  the  Mendips. 

389.  What  is  the  thickness  of  the  Lias  at  Banbury  ? 
-—The  whole  thickne^  from  the  base  of  the  Great 
Oolite  to  the  top  of  the  Lower  Lias  is  only  ftom  30  to 
36  feet    It  is  220  feet  at  Lansdown  near  Bath. 

390.  {Professor  Samgay.)  And  at  Bonndhill  it 
about  the  same  ? — Yes. 

{ProfestoT  Ramsay.)  If  that  is  the  Lower-  lifls, 
225  feet  is  the  entire  thickness  of  it.' 

391.  {Mr.  Presttoick.)  What  is  the  entire  thickness 
of  the  Marlstone  ? 

(Professor  Samsay.)  The  thickness  of  the  Marl- 
stone  is  veiy  variable.   At  Batli  it  is  125  feet 

(i(r.  Briataw.)  There  is  more  than  850  feet  of  Hie 
Lower  Lias,  north  whoe  it  crope  oat  in  Oxfbrddiire. 

3S^.  {Mr.  I^^Hwich,)  Will  yon  be  good  enough  to 
put  in  evidence,  to  the  best  <H  your  knowledge,  the 
thickness  of  the  varions  Secondary  rocks,  commaadng 
firdm  the  neighbourhood  of  the  Mendip  Hilled  and 
proceeding  east  and  north-east  from  Bath,  in  t&e 
same  direction  as  you  have  just  given  ns  the  Lias ; 
that  is  to  say,  taking  all  tilie  rotdca  upwards  from  the 
New  Red  Marl  up  to  the  Chalk  ?— I  will  give  it  in  a 
tabular  form. 

393.  {l^fessor  Ramsay.)  Will  you  ^ve  an  ac- 
count of  the  thickness  of  the  Oolitic  formations 
between  Cadbury  Gamp  in  Scnnersetshire  and  the 
Chalk  to  the  south-east?— You  may  take  the  Marl- 
sttme  at  from  90  to  100  feet  The  Upper  Lias  Sukl 
in  that  country  seems  to  be  tolerably  constant,  and 
veiy  thick ;  it  is  «t  least  240  deep.  The  Upper 
Lias  Clay  is  absent.  The  Inferior  Odite  is  about 
90  feet  in  thickness.  The  FoUer^s  Earth  is  also 
thick ;  it  may  be  taken  at  430  feet ;  and  there  is  very 
little  limestone  in  it ;  it  is  almost  entirely  composed 
of  clay.  The  Great  Oolite  is  also  absent.  The 
Forest  Marble  is  on  the  borders  of  the  counties  q£ 
Somerset  and  Dorset,  460  feet  thick. 

394.  What  comes  after  the  Forest  Marble  ?— The 
Combrash.  It  is  about  40  feet  in  thickness  of  nearly 
solid  limestone. 

395.  What  is  the  thickness  of  the  Oxford  Clay?— 
The  Oxford  Clay  cannot  be  less  than  500  or  GOO  feet 
Ton  may  take  the  Coral  Rag,  the  Upper  Calcareous 
Grit  being  absent  in  that  part  of  the  country,  as  at 
least  i        of  that  thickness  at  WOTmouth. 

'396.  What  b  the  thickness  of  the  !]&niffl:idge 
Clay  ? — ^It  is  very  seldom  that  you  can  get  the  tiilck- 
ness  of  it,  but  the  Kimeridge  Clay  near  Weymouth, 
that  is  to  say,  at  Kimeridge,  may  be  taken  at  530 
feet.  At  Nettlebed  it  is  reduced  to  160  feet  in 
thickness ;  we  may  call  that  north  of  Oxford.  At 
Swindon  it  is  275  feet  thick.  The  Portland  beds  at 
Portland  are  150  feet  thick.  Further  eastward  in 
the  Isle  of  Purbeck  they  are  from  220  to  260  feet 
thick.  I  do  not  know'what  they  are  exactly  in  the 
Vale  of  Wardour,  but  they  may  be  about  50  to  60  feet 
thick.  In  this  section  they  are  reduced  to  70  feet 
thick. 

397.  Do  you  consider  tlwt  the  probabilities  are 
that  the  Portland  Oolite  is  continnous  under  gronttd 
between  Purbeck  and  the  Vale  of  Wardour  ? — 
Possibly. 

398.  In  that  case  it  gradually  thins  away  to  the 
north? — Yes.  At  Swindon  fhef  are'  rtedneed  to 
about  8  feet  in  tiiiekness.   At  Brfll  in  Biu^dngham- 


shijre,  w)uch  is,  I  think,  t^.  poia^  whete  they  nuke 
their  most  easterly  ^pewaoce,  Uiey  .m  16  feet  i& 

thickness.. 

399.  What  is  the  thickness  of  the  Purbeck  betla 
at  Purbeck  ? — The  Pnrbeck  beds,  even  there,  are 
extremely  variable.  They  attain  their  greatest  thick- 
ness in  Durlston  Bay  near  Swanage ;  they  are  380 
feet  in  thickness,  but  they  thin  away  very  rapidly 
in  a  westerly  direction.  At  Ridgway,  inland  between 
Weymouth  and  Dorchester,  the  same  beds  are  but  175 
feet. 'in  thickness.  At  Swindon,  which  is  the  Isst 
jdace  where  they  are  seen  towards  the  east,  they  are 
hot  four  or  .five  ft$t  in  thickness. 

400.  But  they  appear  in  the  Yale  (tf  Wardour?— 
TeR.  They  are  about  60  feet  in  tliicknesB  there  ;  sU 
which  is  in  fvror  of  their  dying  out  in  a  northoly 
direction, 

401.  With  respect  to  the  Hastings  Sands,  will  you 
give  the  particulars  ? — In  the  south  of  England  they 
cannot  be  separated  from  the  Weald  Clay;  we  are 
obliged  to  consider  them  as  one. 

402.  What  is  their  thickness  ? — ^I  estimate  their 
thickness  in  Swanage  Bay  certainly  not  to  be  less  thaa 
2,500  to  3,000  feet.  At  Lulworth  Cove  in  the  Isle 
of  Purbeck  according  to  ^y  own  measurements 
th^  cannot  be  less  ihaa  600  feei ;  they  are  thrown 
up  iQto  a  vertical  position  in  these  localities ;  and  if 
you  measure  the  beds  with  a  tape  on  the  shore  at 
right  angles  to  the  strike,  between  the  top  and  the 
bottom,  it  mast  ^ve  yon  tiieir  total  thidkBees  voj 
nearly. 

408.  Do  you  know  of  these  beds  anywhere  to  the 

north  ? — Yes. 

404.  Where  ? — They  just  crop  out  from  beneath 
the  Greensand  in  the  Yale  of  Wuilour.  There  are 
beds  there  which  were  fcntnerly  supposed  to  be  Lower 
Greensand ;  they  are  very  sUghtly  exposed ;  but  I 
consider  that  they  belong  to  the  Weald  Clay,  and  Dot 
to  the  Lower  Greensand ;  besides,  we  get  no  Lower 
Greensand  in  that  part  of  the  country.      '  ' 

405.  What  is  the  Uuckness  there  F — ^It  is  impossible 
to  say,  because  they  just  appear  at  the  axtremi^  of 
the  triangle  of  the  Seomdaiy  stmta  there. 

406.  Oo  you  consider  it  probable  lliat  tihese  beds 
of  HaBtiiu;s  Sands  and  We^d  Clay  are  oraitinDOiu 
Dndemeau  &e  CrBtaoeoiu  strata  to  Kent'  and  Hamp- 
shire ;  do  yoil  consider  in  fbct  that  they  underlie  ^ 
CretaceoQs  strata,  and  that  diey  join  the  area  oon- 
moniy  known  as  the  Weald  ? — I  do.  The  Weald  Clay 
is  vary  constant  in  its  thickness.  I  do  not  know 
any  place  where  you  can  eonader  it  to  be  less  than 
600  feet  thick. 

407.  Do  you  think  that  these  Wealden  strati 
thicken  if  you  go  east  frcmt  the  Isle  of  Pnrbeck  to 
tfaie  area  of  the  Weald  in  the  soutlt-east  of  £nglaod  ? 
—I  do  not  think  that  they  do. 

408.  {Mr.  Prestv^h,)  Do  they  beoome  thinner  ?— 
Yes,  if  anythiAg. 

409.  They  do  not  vary  nmdi  ?— The  Weald  QsiJ 
itself  does  hot  vary  pmch.  • 

409a.  But  ti^g  the  Haetu^  Sands  widi  it,  does  it 
Tory  ? — In  the  Midhnrst  countiy!  the  Weidd  Clay  '» 
upwards  of  530  feet  thick. 

410.  {Chairman.)  That  is  without  the  Hastings 
Sands  ?— Yea.  We  have  no  means  in  that  line  of  ginng 
the  total  thickness  of  the  Htetings  Sands.  Further 
east-ward,  both  at  West  Grinstead  and  at  Horsham,  it 
is  600  feet  tiiick.  The  Hastings  Sands  at  the  iater 
mediate  point  are  more  than  140  feet  thick,  and  we  do 
not  get  to  the  bottom  of  them,  so  that  we  cannot  get  the 
entire  thickness  there.  North  of  Lewes  the  Hastings 
Sands  on  the  south  cannot  bci  much  less  than  1,000  to 
1,100  feet  thick  ;  and  on  the  north  s^proaching  the 
North  Downs,  when  you  cross  eVer  the  axia;  the 
Hastings  S^da  ifinst  be  about  609  feU  thick.  Fur- 
tiler  east  %tin,  north  of  Eastbotmief  Ae  HastiagB 
Sands  on:  the  sooth  lUre'  fhnii  980  to  l,iaO  feet  thick, 
and  on  the  norA.they-Bte''6U  feettiiick}  aothat,u 
far  as  we  caa  fell  from  oifr  eonsbveted  aectioBi^it 
seems  ^As  'thoogli  the  Hastinga  Suds-  fibiiiBed  -o«t<n 
the  north  side  of  the  WeahL 
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411.  (Pr^s$9or  Baaua^.y  What  -tfaidbwss  of 
theWeidd  vl&y  sfe  fiarhnrood  Aqrlnmft— I  'do  not 
know. 

413.  Tbey  began  aboat  50  ftet  from  the  top,  and 
sank  600  feet,  and  did  not  come  to  the  bottom  ? — 
make  the iWealden beds  thereat  lfiaae'600  feetj  ytfti 
cannot  luko  them  lees,  and  they  qrpear  to  be  more. 

418.  If  Ton  have  nofhii^  more  to  My  upon  tfa&t 
point,  I  will  ask  yen  fntt  regard  to  the  thidmess  of 
the  Cretaceous  strata.  WOl  joa  first  give  as  the 
thickness  of  the  Cretaceous  strata  over  the  area  of 
Dorsetshire.    Can  yott  do  tiiat? — Tes. 

414.  Can  you  give  us  the  probable  thicknew  of  the 
the  Cretaceous  strata  between  the  Vale  of  Wardour 
and  the  Isle  of  Porbeok  ? — Yes. 

415.  Can  yon  apply  that  to  the  thickness  of  the 
OetaceouB  strata  in  the  Hampshire  area  generally  ? — 
Yes.  Bi  the  vest  of  England  there  is  no  Lower  Green- 
sand  ;  it  appears  to.be  overlapped  by  the  Ganlt.  At 
MidhuTst  the  Lower  Greensand  is  500  feet  in  tikick- 
neas.  At  Haslemere,  north  of  Midhurst,  it  is  560  feet 
thick.  At  Lnth  Hill  it  is  420  feet  diick.  At  Seven- 
oaks  it  is  850  ftet  thick  ;  but  south  of  that,  at  Rmfl  iner^ 
on  the  northern  outcrop  c£  the  South  Downs,  it  ia  but 
70  feet  in  thickness.  And  east  of  Oat  again,  at 
Knlabam,  there  are  but  60  <xr  70  feet  of  it }  that  ia 
on  ttiB  north  outcrop  of  the  South  Downs. 

416.  (Mr.  Prestwieh.)  Tbst  is  on  the  south  side  of 
the  WefJden  ? — ^Tes,  but  north  of  Hailsham  it  thickens, 
beibg  230  feet  thick,  and  at  SevenofAs  850  feet  thick. 
It  thickens  out  westward  up  to  a  certain  point. 

417.  ( CAotrfflon.)  What  is  the  maximum  ttdckness 
of  the  Lower  Greensand  at  Hindhead  ? — It  is  500  feet 
at  Midhurst ;  that  appears  to  be  the  maximum  thick- 
ness. At  its  northern  outcrop  it  becomes  thinner. 
North  of  Marlborough  Downs  it  is  about  55  feet  in 
thickness.  South  of  Faringdon,  in  Berkshire,  there 
are  but  45  feet  of  it ;  and  at  Shotorer  Hill  80  feet, 
all  the  strata  between  the  Lower  Ureeaisflsid  and  the 
Kimeridlge  Clay  beiz^  absent  at  thoee  pconts. 

'  418.  (Profeitor  Mtmuay.)  Will  yo«  go  on  with 
tte  Ganlt  and  the  Upper  Greemand  separately  or 
together? — ^I  can  do  either,  Ltdividndly  they  vary 
in  thickness ;  but  if  you  take  Hiem  as  one  formatloB, 
which  I  believe  than  to  be  in  reali^,  it  appears  that 
they  preserve  a  more  uniibnn  tliiekness. 

419.  Will  yon  take  them  together,  and  proceed 
from  west  to  east,  or  from  east  to  west,  wfaidiever 
you  please  ? — ^In  the  Isle  of  Furbeck,  where  there  is 
no  Ganlt,  the  Upper  Greensand  is  110  feet  in  thi<^- 
ness.  In  the  Isle  of  Wight  the  Gault  and  the  Upper 
Greensand  are  265  on  an  average.  At  Chidiester 
they  are  200  feet.  At  Steyning  they  are  175  feet 
thick.  At  Brighton,  in  the  section  of  the  deep  well, 
they  are  307  feet  tliick.  Nordi  of  Lewes  they  are 
125  feet  thick.  North  of  Beachy  Head  they  are  150 
to  160  feet  thick.  At  Famham  they  ^  180  feet 
thick.  At  Dorking  they  are  1 15  feet  thick.  East  of 
Otfoid  they  are  110  to  115  feet  thick.  North  of  the 
Marlborough  Downs  they  are  200  feet  thick. '  Near 
Henley,  north  of  Nettlebed,  they  are  320  feet  thick. 
At  Aylesbury  the  Gault  alone  is  S90  feet  thick.  At 
Kentish  Town  the  well  section  gives  203  feet.  Under 
London  it  is  feom  260  to  800  feet,  but  at  the  outcrop 
north  of  London  the  Upper  Greensand,  which  is  1 5 
feet  thick  under  London,  is  reduced  to  nothing,  and 
the  Gimlt  is  reduced  to  150  feet.  At  Harwich  the 
united  thickness  of  the  Gault  and  the  Upper  Green- 
saild  amounts  to  61  feet.  At  Lamboum  in  Berkshire 
it  is  245.  The  greatest  development  of  Chalk  ^ich 
I' know  of  in  this  country  is  in  the  Isle  of  Purbeck 
and  in  the  Isle  of  Wight,  yfbere  the  beds  are  thrown 
np  into  a  vertioal  position. '  But  I  have  measured  tliem 
very  canftdly,  and  taking  care  'Co  avoid  any  compli- 
cation means  of  the  ^Itf'which  '  cuts  dirough  the 
chaHc  atrata  in  eut  and  west*  direction,  in  the  Isle 
of  Furbeck,  we  cannot  hare  a  less  Aichness  than  from 
1,150  to  1,450  few.  And  in  the  Isle  of  TVight  at  the 
western  extremity  of  the  island;  #h*re  I  have  also 
mettured  the  Chblk,  I  find  it  to  -be  from- 1-400  to 
l,SfiO  feet  in  thieknesaj-  and^  'fttkhge-tD  niy,>'ft  is 


almost  entirely  Chalk  with  fiints.  At  the  east  end  of 
the  island  it  is  rather  less ;  it  is  1,150  feet. 

420.  Do  these  varying  thicknesses  depend  qpon  the 
nnconfonuability  of  the  Tertiary  strata  to  the  Chalk  ? 
■ — I  think  that  it  depends,  to  some  degree,  npcm  the 
greater  or  less  amount  of  denudation  wmch  took  place 
befioro  the'  d^naltitti  of  the  Tertaaiy  strata. 

42L  Ctn  ycm  state  the  thickness  of  ^  Chalk  in 
DuMtshire  ?— On  Black  Down,  sonth  of  the  town  of 
Dorehester,  the  Chalk  varies  in  thickness  from  550  to 
750feetwitiiinavery8hartdutanoe.  I<«nonlyacoonnt 
for  the  discrepancy  in  the  thickness  on  the  prindple 
of  aneqUal  denndatioA  which  the  Chalk  experienced 
heforti  the  now  outlying  patch  of  Tertiary  strata  which 
covers  the  top  was  deposited. 

'  422.  Can  you  tell  us  tiie  thickness  of  the  Chalk 
near  Piddletown  7 — ^It  is  pretty  nearly  tiie  Sickness 
there  which  it  is  at  Bla^down. 

423.  Cannot  you  give  ns  any  idea  of  the  thickness 
of  the  Chalk  over  the  area  south-west  of  Salisbury,  or 
north  of  Salisbury  ? — I  should  not  like  to  speak  de- 
cidedly about  that.  I  think  that  it  becomes  thinner 
to^vards  the  nwth.  I  ph>tted  a  section  the  oGi&r  day, 
and,  as  fer  as  I  could  judge,  there  appeared  to  me  to 
be  a  oomparativdy  sl^ht  tiiickhess  of  Cludk  there 
between  the  Tertiary  strata  and  the  Upper  Greensand. 

424.  Have  you  any  idea  of  the  ^idcness  of  the 
Chalk  in  the  centre  of  this  plain  in  Hampshire  ? — ^No. 
At  Mariborough  Downs  it  is  800  feet  thick  ;  and  north- 
east of  that,  near  Henley,  at  Nettlebed,  it  is  also  800 
feet  thiijc.  On  Lamboume  Downs  it  is  890  feet  thick 
and  more.  At  Saffron  Waldon  in  Essex  it  is  more  than 
1,000  feet  thick.  At  Harwich  it  was  888  feet  thick 
in  a  deep  well.  Under  London  it  was  proved  to  be 
645  feet  thick  in  the  well ;  at  Kentish  Town  to  be  586 
feet  thick.  According  to  Mr.  Whittaker,  (  ,) 
the  Chalk  thickens  out  in  a  northerly  and  a  southerly 
direction.  At  Chichester  it  was  proved  in  a  deep 
well  to  be  790  feet  thick.  At  Worthmg  it  is  abont 
860  feet  thidc.  In  a  deep  well  at  Warren  Flaim  near 
Bottingdean,  north-west  o£  Brightm,  it  was  mcne  than 
945  feet  thick.  They  began  the  well  In  the  Chalk,  and 
the  Chalk  was  not  covered  with  any  Tertiary  strata 
there,  so  that  the  well-thickness  must  be  less  than 
the  entire  thickness  of  the  Chalk.  At  Lewes  it  is 
nearly  800  feet  thick.  At  Beschy  Head  it  is  certainly 
more  than  600  feet  thick.  At  Dorking  it  is  825  feet 
thick.  Th&t  is  as  far  as  I  can  tell  you  with  respect 
to  the  Chalk. 

425.  {Mr,  Pregtwieh.)  In  the  sections  which  you 
gave  us  of  the  Oolites  you  proceeded  in  a  direction 
south-east  from  the  Mendips? — South-east  and  north- 
east. 

486.  First  of  aU  you  gave  us  sonth-east  from  the 
HeodipB  to  Fbrtland  ?— -Yea. 

427.  Going  in  tliat  direction  do  they  show  a 
thinning  out,  or  a  thickening  ?--They  show  a 
thinning  out,  and  a  total  disappearance  of  some  of 
them,  because  we  get  the  Fullers  Earth  and  the  In- 
ferior Oolite  and  the  Upper  Lias  Clay,  and  the  Upper 
Lias  S^d  disappearing,  and  Great  Oolite  in  Oxford- 
shire rests  upon  the  l^forlstone. 

428.  I  am,  first  of  all,  merely  referring  to  Uie  dis- 
trict south-east  from  the  Mendips.  I  want  to  keep 
that  separate  from  the  north-east  ? — On  the  whole 
they  show  a  thinning  out  in  a  southerly  direction. 

.  429.  In  proceeding  now  from  the  Mmdipa  in  a  north- 
easterly direction,  can  you  give  us  the  Uiiokness  of  the 
Oolites  in  the  neighbourhood  of  Badi,  and  again  in 
the  neighbourhood  of  Oxford  ?— There  are  225  feet 
.9f  Lower  Lias,  and  125  feet  of  Marlstoue.  There  is  no 
Upper  Lias  Clay  }  there  are  35  feet  of  Upper  Lias 
Sand,  that  is  und^  Lansdown.  There  are  105  feet 
o^  the  Inferior  Oolite,  and  125  feet  of  Fuller's  Earth. 

43a  {Chamnan.)  What  is  the  thioknees  of  the  Great 
Ofdite  ?— At  Bath  we  do  not  get  to  the  top  of  tiie 
Gre^  Oolite.-  Inqnediately  ninth  oS  Bath  there  are 
abouti90f«et. 

48^1.  \Mr.  Prestwieh.)  Can  yon  give  ns  the  thick- 
ness of  ttie  Great  Oolite  in  the  valley  vast  of  Bst^ ' 


D35 

Mr.  B.  W. 
Brittm, 

S7  Haieh  1868. 


3L4 


Digitized  by 


Google 


448     ON  THE  PBOBABILITT  OF  FINDING  C 
SANDSTONE,  AND  OTHER 

D36 

Mt.  B.  W,    It  iti>  I  think,  about  120  feet ;  I  cannot  Bpeak  with 
Awtov.      absolute  ceitainty. 

  432.  Can  you  give  us  the  thickneBS  of  the  Oolites 

S7  Mnrch  1868.  the  neighbourhood  of  Chippenham  ? — I  have  the 
thickness  at  lalip  in  the  neighbourhood  of  Oxford. 
Thwe  is  a  very  thin  bed  of  Upper  Lias  Chij,  and  there 
IB  no  Upper  Lias  Sand,  Inferior  Oolite,  and  no  Fidler's 
Earth.  There  are  210  to  225  feet  of  Great  Oolite 
underlying  10  feet  of  Forest  Marble.  At  Shotover 
Bill  there  are  45  feet  of  Coral  Rag,  175  feet  of 
Kinieridge  Clay,  and  from  70  to  80  feet  of  Portland 
beds. 

433.  Can  you  give  us  the  thickness  of  the  same 
beds  in  Bedfordahire  ? — I  cannot ;  I  will  try  to  find  it 
ont  for  you. 

484.  Does  your  experience  tend  to  show  that  the 
Oolitic  series  in  the  south-west  of  England,  taking  the 
whole  of  the  series  t<^ether,  becomes  thicker  or 
thinner  as  you  proceed  north-east.  Does  it  thin 
much  ? — ^Yes. 

435.  Have  you  reason  to  suppose  that  if  the  Oolites 
passed  underneath  the  Eastern  Counties,  you  would 
expect  to  find  them  thicker  or  thinner  than  they  are 
in  the  west  of  England  ? — Thinner. 

436.  {Chairman.)  Does  the  Oxford  Clay  thia  out 
in  its  progress  north-eastwards  into  Oxfordshire  ? — 
No ;  the  Oxford  Clay  seems  rather  more  constant  tiian 
the  other  formations.  .  . 

437.  {Mr.  Dickinson.)  Throughout  all  these  rocks 
which  you  have  been  speaking  of,  do  you  find  that  from 
tiie  top  of  the  Chalk  down  to  the  bottom  of  the  ITpper 
New  Bed  Sandstone  they  lie  conformably  with  each 
other  ? — No,  certainly  not 

438.  Where  do  you  find  liiat  they  do  not  Ue  con- 
formably  ? — The  Upper  Grreensand  and  the  Gault 
overlap  the  rocks  from  the  Weald  Clay  down  to  the 
Portland  beds  and  to  the  Kimeridge  Clay,  even  down 
to  the  New  Red  Marl,  in  going  from  west  to  east. 

439.  From  the  Kimeridge  Clay  down  to  the 
bottom  of  the  Upper  New  Red  Sandstone,  do  you  find 
that  they  lie  conformably? — No,  certainly  not. 

440.  Will  you  describe  what  beds  you  do  find  lying 
conformably,  and  what  beds  you  do  not  find  lying 
conformably ? — ^Ai:  uiuiiv  of  the  beds  are  absent  there 
may  be  an  apparent  conibrmabiltty,  but  there  cannot 
be  an  actual  conformability.  The  unconformability 
may  be  so  small  tliat  sometimes  it  is  not  immediately 
apparent ;  but  where  there  is  a  series  of  beds  wanting 
there  must  be  unconformability,  although  it  may  not 
^parent  to  observation,  unless  made  on  a  vwy 
extensive  scale. 

441.  I  do  not  ask  you  as  regards  some  of  these 
rocks  being  entirely  wanting,  bat  as  to  whether  they 
lie  stiTitified  in  parallel  order  with  each  other  where 
they  do  exist? — They  may  do  so  appai-ently,  but 
they  cuinot  be  exactly  confoirmable ;  there  must  be 
some  slight  unconformability,  although  it  may  not  be 
appai'ent  to  ordinary  observation,  unless  such  observa- 
tions are  made  on  a  large  scale.  In  the  cnse  of  the 
(3halk  and  tlie  Tertiary  strata  which  I  mentioned  just 
now,  it  sometimes  appears  that  the  strata  are  conform- 
able ;  but  if  you  extend  your  observations  furthei-  you 
find  that  they  are  not  so,  and  that  the  Tertiary  strata 
always  reet  unconfoimably  upon  the  Chalk,  so  fai'  as 
I  have  seen  them  in  this  country,  although  the 
unconformability  is  sometimes  seemingly  very  laifling. 

144.  At  the  western  part  of  this  district  of  whi^ 
you  have  been  speaking,  in  Somersetshire,  do  you 
fiiid  at  some  portions  of  die  coal-field  the  Lias  resting 
upon  the  coal-field  ?—  So  it  appears  from  the  geological 
map. 

443.  At  that  point  the  whole  of  the  New  Red  Sand- 
stone and  Red  Marl  is  entirely  absent  ? — ^Apparently, 
unless  they  extend  under  the  Lias.  We  see  the  Lias 
here  {pointing  to  the  map)  resting  on  the  Coal 
Measorea,  and  we  also  see  the  Dolomitic  Conglomerate 
closely  adjoining  on  the  west  side  of  the  Lias  and 
New  Red  Sandstone ;  and  the  question  is,  whether 
those  formations  do  not  extend  under  the  Lias  there. 
Certunly  the  New  Bed  Sandstone  must  go  across 
under  the  T^ias. 


OAIi  TTNDBB  THE  FEBHIAN,  NEW  KBD 
BUPEKINCUMBDNT  STBATA. 

444.  Then  you  cannot  &am  your  m^  say  that  Uie 
Lias  itself  doee  rest  upon  the  Coal  Measuree  widioat 
this  New  Bed  Sandstone  and  Bed  Marl  being  under- 
neath  it  ? — I  should  say,  from  the  appearance  of  the 
map,  that  although  the  lias  is  represented  as  resting 
on  the  Coal  Measures  it  is  certain  that  there  mu^t  be 
New  Red  Sandstone  in  contact  with  the  Coal  Mea- 
sures. Certainly  the  New  Red  Sandstone  must  be 
underneath  and  in  very  close  contact  with  the  Coal 
Measures. 

445.  But  if  it  be  in  contact  at  all  it  is  exceedingly 
thin  ? — ^yei7  thin  near  the  contact  of  Lias  and  Coal 
Measures. 

446.  So  thin  as  to  be  of  no  consequence  as  regards 
having  to  sink  through  it  Certainly  not ;  at  that 
p(nnt. 

447.  The  distance  which  you  have  been  speaking 
of  extends  to  ICQ  or  120  miles  west  of  London  ?— I 
presume  so. 

448.  Do  yon  know  that  at  about  100  miles  east 
or  south-east  of  London  the  Chalk  actually  rests  apoa 
the  Coal  Measures  at  Valenciennes  ? — Yes. 

449.  So  that  there  the  whole  of  those  beda  between 
the  Chalk  and  the  bottom  of  the  New  Bed  Sandstone 
are  entirely  wanting  ? — Yes. 

450.  May  not  there  be  similar  portions  of  this 
district  where  these  upper  rocks  are  also  oither 
entirely  or  to  a  considerable  extent  wanting  ? — Yea. 
The  fact  is  that  in  the  Sometsetshire  coalfield  it  is 
most  probable  that  there  is  a  ridge  of  older  rocks 
extending  across  that  district,  because  they  have 
been  proved  at  Harwich  in  the  well-bcwiug  there. 

45U  Will  you  specify  tJio  places  where  you  Uiink 
that  this  ridge  of  lower  rocks  extends? — ^In  a  line 
fh)uL  Somersetslure  to  Harwich,  and  south  of  that 
line. 

4d2.  So  that  you  do  not  find  any  conformability 
between  the  Coal  Measures  and  these,  or  with  the 
overlying  rocks  ? — No. 

4d3.  And  it  is  possible  that  the  Coal  Measures 
might  be  reached  in  portions  of  this  district  without 
liaving  to  sink  through  anything  like  the  whole  <^ 
the  immense  thicknesses  of  these  rocks  which  you 
have  named  ? — Not  thj'ough  their  normal  thiuknessei. 

454.  {ChatTman.)  You  have  stiMcd  hypoihetically 
that  a  ridgo  of  rocks,  you  think,  may  extend  from 
Someraetshire  to  Harwich,  or  vice  versa.  XIhisu  are 
rocks  older  than  the  Coal  Measures  ? — ^Yes  ;  bat  we 
know  nothing  of  the  futures  or  disturbances  which 
Uiat  old  ridge  of  rocks  has  been  subject  to,  before 
the  deposition  of  the  Coal  Measures  or  afterwards ;  nor 
do  we  know  anything  of  what  was  done  prior  to  their 
being  covered  up  by  the  Secondai^  rodts.  The  last 
whidi  we  see  of  these  rocks  is  that  they  are  dipping 
to  the  west,  and  we  have  no  information  whidi 
would  lead  us  to  suppose  that  they  would  turn  over; 
but  we  know  nothing  of  the  disturbances  to  which 
thoy  have  been  subjected  since  they  were  deposited, 
nor  of  the  disturbances  to  which  they  were  subjected 
before  the  Coal  Measures  were  deposited  upon  them; 
nor  do  we  know  the  amount  of  disturbwiccs  to  which 
they  have  been  subjected  since  the  deposition  of  the 
Coal  Measures,  or  the  unount  of  Coal  Measures 
which  were  deposited  upon  them  before  they  were 
denuded ;  or  of  the  denudation  which  the  Coal 
Measures  underwent  between  the  time  of  the  depo- 
sition and  the  deposition  of  the  Secondary  rocks  upon 
them. 

455.  {Mr,  Presiwick.)  I  presume  that  you  have 
pud  a  good  deal  of  attention  to  the  Folicozoic  rock^ 
as  well  as  to  the  Secondary  ones  in  the  west  of 
England?— I  have  not  paid  bo  much  attention  to 
the  Palaeozoic  rocks  of  the  west  of  H^glmd  as  I 
have  to  the  Secondary  and  Tertiaiy  rocks ;  but  T  am 
tolerably  familial'  with  them. 

456.  From  the  relation  of  these  two  scries  of  rocka 
one  to  the  other,  do  you  think  it  probable  that  tiie 
Pakeozoic  rocks  pass  under  the  secondary  rocks 
eastward  ? — Decidedly. 

457.  Do  you  think  that  the  Coal  Measures  would 
fcffm  any  part  of  those  Fakeoxoio  rocks  ?— I  thiwfc  u 
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extremely  doubtfaL  I  thiol  that  the  probability  is 
that  they  do  not,  although  I  would  not  go  bo  &r  as 
^bsolut^  to  say  that  thm  do  not. 

458.  Do  yon  not  think  it  possible  that  the  Monntain 
limestone,  and  the  Old  Red  Sandstone,  and  the  Coal 
Measures  raAy  maintain  an  irr^ular  relation,  so  far 
as  surface  goes,  one  to  the  other,  in  this  underground 
range,  as  they  do  where  they  come  to  the  surface  in 
the  west  of  England  ? — There  is  a  possibility  rather 
than  a  probability.  This  Somersetshire  coal-basin, 
which  is  the  easternmost  extension  of  ^e  Cosl 
Measures,  is  a  perfect  basin,  so  far  as  we  can  form 
any  opinion  ;  that  is  to  say,  the  Carboniferous  Lime- 
stone which  finuiB  the  botbnn  rock  of  the  Coal  JhfoaBures 
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is  exposed  on  the  eastern  side  of  that  coal-field, 
and,  wherever  it  is  so  exposed,  it  preserves  a  dip  to 
die  westward ;  and  so  far  as  those  rocks  underlying 
the  Coal  Measures  have  been  proved,  the  dip  has  still  87UsnA  1868. 
been  to  the  westward,  and  we  have  had  no  evidence 
at  all  of  the  beds  turning  over  so  as  to  get  an  easterly 
dip. 

459.  Admitting  that,  and  supposing  that  the  whole 
of  the  Somersetshire  coal-field  bad  been  covered  up 
by  the  Secondary  rocks,  would  not  the  stune  argument 
applied  to  the  Soudi  Welsh  coal-field  have  led  to  the 
inference  that  Uiere  was  no  coal-field  in  SoniOTset- 
shire  ? — Yes, 


The  witneM  witlidrew. 


IVc^SBW  Bawat  Airther  examined. 


460.  {Mr,  Presheick.)  Mr.  Bristow  has  given  us  in 
detail  the  thickilaas  of  the  various  Secondary  rocks 
round  the  Mendips.  Did  yon  not,  some  years  ago, 
before  this  enquiry  was  thought  of,  publish  ind^n- 
dfHit  evidence  of  the  denudation  of  the  Faheosoic  rocks, 
and  of  tike  thickness  of  the  overlying  secondary 
rooks  in  that  same  district ;  and  ean  yon  give  us  a 
reference  to  it  ? — ^Yes ;  I  published  in  the  Memoirs  of 
the  Geolf^^cal  Survey,  in  v<dnme  Ist  in  tiie  year 
1846,  a'  memoir  on  daiudation,  in  which  I  showed 
that  the  limestones  of  the  Mendip  Hills  are  overlaid 
by  coal  measures  on  the-nortb.  These  limestone  beds 
lie  in  a  series  of  anticlinal  and  synclinal  ciunres,  and 
finally  as  far  as  known  the  Mendip  limestones,  dip 
south ;  and  I  showed  that,  therefore,  as  the  limestones 
of  the  Mendip  Hills  had  once,  before  disturbance,  been 
covered  b^  coal  meaeures,  it  was  probable  that  a  coal 
basin  origmally  joined  to,  bnt  now  separated  from  ibo 
Bristol  coal  field,  may  Ue  under  Sedgmoor  and  ihe 
great  marshes  to  the  west  On  the  supposition  that 
the  limestone  was  once  covered  by  coal  measures 
"  depmds  the  probable  existence  of  coal-bearing  strata 
"  beneatii  the  allnvialfiats  of  East  Sedgmoor."*  That 
is  in  volume  1st  at  page  305.  Further,  it  seems  to 
me  probable  that  as  ^e  coal  measures  north  of  the 
Mendip  Hills  under  the  new  red  marl  lie  at  very  low 
levels  for  the  most  part,  and  had  been  denuded  to 
the^  low  levels  before  the  deposition  of  the  new  red 
marl,  so  the  low  ground  on  the  south  side  of  the 
Mendips  was  reduced  to  a  low  level  by  the  partial 
denudation  of  the  coal  measures,  because  they  consist 
of  much  softer  strata  th^  the  limmtones  of  the  Mendip 
Hills  to  the  north,  and,  aiter  that  denudation,  these 
co^  measures  were  covwed  with  new  red  marl  and 
lias  fbrmaticsiB  now  partly  concealed  nnderneatii  the 


marshes.  The  lowness  of  the  ground  is,  in  my  opinion, 
when  coupled  with  these  geological  reasonings,  an 
evidence  of  the  probable  existence  of  cool  measures 
south-west  of  the  Mendip  Hills. 

461.  Can  you  form  any  idea  of  the  probable  thick- 
ness c£  the  secondary  tocks  in  that  area? — At  the 
immediate  e^es  of  tiie  Mendip  Hills  thOT  are  idwaya 
thin.  As  you  go  south  I  do  not  think  that  it  would 
be  safe  to  oalci£ite  on  reaching  coal  meaaurea  under 
a  d^tii  of  1,200  feet,  including  the  lias  and  the  new 
red  marl,  irrespective  of  the  thickness  of  the  alluvial 
and  other  strata  which  lie  above  the  lias. 

462.  {Mr.  Dickiruon.)  You  say  that  the  lowness  of 
the  grotmd  is  one  of  the  points  by  which  you  form  the 
opinion.  Are  'there  any  surface  indications  by  which 
yon  can  give  an  idea  as  to  the  probable  extension  of 
that  basin  southwards  ? — No  certain  indications.  , 

463.  Have  you  any  data  by  which  you  can  give  an 
o^nion  as  to  the  probable  extension  of  such  a  b|uin, 
if  it  ffldsts,  south-west  ? — Roughly  spewing,  I  should 
a^  most  likely  12  miles ;  but  what  may  be  the  cause 
of  its  termination,  if  the  coal-field  exist  there,  I  do  not 
know.  Whether  the  limestone  crc^  up  to  the  south 
under  the  marshes,  or  whether,  as  appears  to  be  likely, 
the  whole  is  cut  off  1^  a  north-east  and  south-west 
fault,  I  am  quite  ignorant  of  until  the  whole  country 
is  renaurveyed. 

464.  Could  you  give  any  idea  of  the  length  of  this 
probable  basin  ;  you  say  ^that  it  is  about  13  miles 
broad  ? — I  conld  not. 

Mr.  Brittow  was  requested  to  put  his  inrormatiou 
into  a  tabular  form,  and  to  add  to  it  aa  much  as 
possible.  {See  page  D  SS  et  *eg.) 
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ON  THS  PROBABILITY  OP  PIKIIING  OOAA  UNDiBS  THE  PEBJEIAK,  NBW  BBD  463 
SAKBSTONE,  AKD  OTHm  ST7PERIN0TJ1£BENT  8TBATA. 

.    IX— 11^  MMHng,  at  ike  Boyai  aohooL  of  Minea,  Friday,  I9th  J-ane  1868. 

Pbesent:  1.  Sib  Roderick  Mttschison  (in  the  chair) ; 
2.  Mb.  Dickinson  ;  3.  Mb.  Geddes  ;  4.  Me.  Pejstwich  ;  5.  Professor  Ramsay. 

LoBD  MosTTN,  Mb.  Godwin- Austen,  and  Mb.  Best  were  present. 

1.  The  Minutes  of  the  last  meeting,  embodied  in  the  evidence  taken  by  the  short-hand  writer, 
and  made  up  in  double  oolnmn,  aA  revised,  were  taken  as  read. 

2.  The  Secretary  produced  a  copy  of  Circular  A  1.  and  the  replies,  and  stated  that  the  form 
proposed  for  publication  had  bieen  approved  by  Committee  C,  also  Circular  D  1,  with  the  replies 
sent  in,  which  he  submitted  for  approvaL    The  Committee  approved  the  plan. 

3.  The  members  then  adjourned  to  the  theatre  of  the  institution,  which  was  sunounded  by  mx 
tiers  of  8eoti(»i8  prepared  in  aeoordanee  with  the  minutes  of  March  4th,  and  Profe^r  Ramsay 
gave  the  following  evidenoe. 


B61 


ProfiMBor  ASBREW  Cbcwbib  Ramsat,  a  member  of  the  CommiBsion,  ftirther  examined. 


465.  (CAoirman.)  Will  yon  explain  the  maps  and 
sections  which  have  been  prepared  to  illustrate 
specially  the  probable  range  of  the  Coal-measnres 
under  the  PermiaD  and  secondary  rocks  ?— The 
country  which  I  propose  first  to  explain  includes  the 
South  Staifordshire,  the  Warwickshire,  the  Forest  of 
Wyre,  and  Coalbrook  Dale,  the  North  Wales,  the  Lan- 
cashire, the  Cheshire,  the  North  Staffordshire,  the 
Iieioesterdure  and  Derbyshire  coal  fields,  and  the 
country  covered  byPermiao  and  secondary  roclte,  which 
lies  between  them.  I  will  b^in  with  the  Forest  of 
i.PLl.  Wyre,  the  South  Stttffinrdshire  and  the  Warwickshire 
ooal  fields.  Section  No.  1.  mns  £rom  west  to  east 
acroiB  tike  Forest  of  Wyre,  the  Fennian  roi^B  of  the 
Cleat  Hills  at  the  south  end  of  the  South  Stafibrd- 
flhire  cool  field,  the  Permian  rocks  of  the  Warwickshire 
coal  field  near  Corley,  and  the  southern  end  of  that 
coal  field.  This,  and  all  tlie  other  sections,  are  drawn 
on  a  true  scale,  vertically,  and  longitudinally,  and 
explain  the  arrangement  of  the  strata  over  wide  areas. 
On  the  west,  uncomformably  on  the  Old  Red  Sand- 
stone, lie  the  Coal-measures  of  the  Forest  of  Wyre, 
about  800  feet  thick  where  crossed.  They  axe  un- 
productive, or  nearly  bo  ;  no  valuaUe  beds  of  coal 
in  that  area  b^i^  now  woi^ed,  and  none  of  importance 
ever  having  been  worked,  so  far  as  I  know.  On  the 
west  side  a£  Wars  UiU,  the  Old  Bed  Sandstone  rises 
to  the  surface  between  two  faulty  or  perhaps  there 
is  merely  a  strong  nnccmfbrml^  oa  the  west,  tho  Coal- 
measures  lying  on  the  denuded  edges  <^  the  Old  Bed 
Sandstone  at  angles  of  about  70^.  On  the  east  side  of 
Wars  Hill  Camp,  which  is  capped  with  about  200  feet 
of  Permian  strala,  one  of  the  faults  with  a  down  throw 
on  the  east,  throws  in  the  New  Red  Sandstone,  against 
Coal-measures  which  «re  probf^ly  nearly  unproductive. 
On  the  east  side  of  that  fault  the  Coal-measures  would 
pirobably  be  found  at  a  depth  of  about  700  feet  from 
the  surface,  underneath  the  Permian  and  New  Red 
Sandstone  strata,  which  stretch  £rom  thence  to  the  south 
end  of  the  South  Staffordshire  coal  field.  I  think  it 
probable  that  these  Coal-measures  are  thin  and  unpro- 
ductive, and  to  a  great  extent  at  least  the  represen- 
tatives of  what  are  usually  known  as  the  upper 
Coal-measures  of  the  Forest  of  Wyre^  A  little  north 
of  this  section,  in  South  Staffiffdshire,  at  Waasel 
Grev^  and  also  near  Halesowen,  sbaAs  yrere  umk  in 
sean^  of  the  "  thick  coal,"  to  a  depth  of  about  771 
feet.  The  "  thick  coal "  was  not  found,  nor  any  other 
important  coal,  and  at  the  base  of  tiie  shafts  they 
reached  a  conglomerate  containing  pebbles  of  quarts- 
rocks  intermingled  with  stems  of  carboniferous 
plants,  and  a  little  lower  they  came  to  Upper  Silurian 
rocks,  probably  Upper  LucUow.  Therefore,  tho  ex- 
treme southern  end  of  the  South  Stafibrdfdiire  coal 
field  is  unproductive,  and  as  the  southern  end  of  the 
Forest  of  Wyre  coal  field  is  also  nearly  improductive, 
I  believe  it  to  be  possible  and  periups  probable  that 
the  Coal-measures  beae«di  the  Hew  Bed  Sandsttme 
.between  these  cqal  ^Ids  in  the  area  mossed  by  tim 
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section  consist  of  unproductive  Coal-measures  of  no 
great  thickness,  and  that  further  south  in  Worcester-  I*  l^*** 
shire  they  are  either  veiy  thin  or  in  places  thin  out 
altogether,  and  Palaeozoic  rocks  older  than  the 
Carboniferous  strata  lie  next  below  the  Permian 
and  New  Red  beds.  We  are  in  fact  near  the 
southern  margm  of  the  original  coal  field  of  which 
the  Forest  of  Wyre  and  the  South  Staffi)rdshire 
ooal  fields  are  portions'  now  exposed  at  the  surface. 
The  extreme  depth  to  the  Coal-measurAs  between  the 
Forest  of  Wyre  and  the  Clent  hills  would  probably  be 
about  1,650  feet.  I  now  take  yon  to  the  Warvic^lure 
coal  field.  This  oonl  field  is  estimatod  to  be  about 
2,700 to  8,000 ibet  thick  down  to  the  Millstone  Grit,  as- 
suming  t^e  Hartshill  rock  to  be  the  Millstone  Grit  Five 
beds  of  coal  lie  about  600  or  700  feet  from  the  top 
of  the  Coal-measures ;  the  rest  is  miproductive. 
This,  coal  field  lies  in  h  basin  shaped  form,  the  sides 
of  which  are  cut  off"  by  faults.  From  the  eastern 
margin  the  coal  beds  dip  westward,  and  the  greater 
part  of  the  eastern  edge  of  the  coal  field  is  bounded  by 
a  fault.  The  north-eastern  boundary  of  the  coal  field 
is  also  a  fault ;  likewise  the  north-westeni  boundary  ; 
and  a  fault  bounds  the  western  edges  of  the  cosl 
field,  and  of  the  Permian  rocks^  from  the  n^ghbour- 
hood  of  Fazeley  southwards.  The  coal  cn^  on  tiie 
east  side  of  the  coal  field  are  cut  off  the  eastern 
boundary  &alt  near  Folesworth,  and  the  ooal  crops  on 
the  west  are  cut  off  by  other  fiuilts  near  Fazel^. 
.These  ooal  beds  at  and  near  Dost  -Hill  dip  eMt,  "and 
thmfi^re  the  northern  part  of  the  coal  field,  and  by 
implication  the  souths  part,  whidi  is  to  a  great 
extent  coneeaJed  by  Permian  rocks,  lies  in  the  form 
of  a  brt^n  baain.  In  section  No.  6  you  see  these  Sec.  6,1*1.  i. 
rooks  lying  in  this  basin-like  form,  broken  on  both 
sides  by  faults.  -  The  Coal-measures  which  come  to  the 
surface  near  Sybil  Hill  have  been  drawn  as  probably 
occurring  underneath  the  Permian  and  New  Red  Sand- 
stone strata  on  the  west  side  of  the  fault,  and  as 
gradually  thinning  firom  that  point  to  the  eaetem 
boundary  fault  of  the  South  Staffordshire  coal  field. 
The  South  Staffordshire  coal  field  where  it  is  crossed 
by  section  No.  6,  is  not  of  any  great  tiiiekness,  being 
always  less  than  1,000  &et,  and  resting  directfy  upon 
SUnrian  rocks,  llierelbre  the  Millstone  Grit,  (Bection 
6a)  ^e  position  of  irtiich  we  know  underneath  the 
Warwii^shire  coal  field,  must  disappear  under  ground 
somewhere  between  the  Warwickshire  and  the  South 
Staffordshire  coal  fidds,  (see  Nos.  1  and  6)  and  I  think 
the  -whole  of  the  Coal-meosureB  must  thin  to  the  west 
as  you  approach  the  eastern  boundary  fault  of  the 
South  Staffordshire  coal-field.  This  eastern  bouridary 
feult  as  drawn  in  the  section  No.  6  throws  Permian  • 
against  Silurian  rocks.  The  Permian  strata  are  there 
estimated  at  about  1,600  feet  thick.  Nevertheless  the 
Coal-measnres  are  conceived  to  be  underneath  these 
Peimiao  strata  on  the  east  side  of  the  fhult,  because 
the  CarbonHerous  rocks,  and  the  Silurian  rocks 
on  which  they  rest,  are  here  aecidently  nearly  con- 
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formable,  and  therefore,  for  reuons  which  geologiste 
will  appredate,  the  Coal-meuuroB  are  Ukelj  to  exist 

  on  the  east  side  of  the  fault.    Between  Frankley 

l9Jniiei868.  Beeches  and  the  Warwickahire  coal  field  (section 
Sec.  1,  PI.  1.  No.  1)  the  extreme  thickness  of  the  Permian  rocks  is 
estimated  at  from  900  to  1,200  feet,  and  they  are 
overlud  hj  New  Bed  Sandstone  and  Marl  of  nearly 
1,000  feet,  where  thickest.  The  Coal-measures,  pro- 
bably unproductive,  on  the  east  side  of  the  faalt  near 
!Lower  Tinkers,  (Section  No.  1,)  lie  directly  upon 
Silurian  strata,  and  partly  underlaid  by  Millstone  Grit ; 
they  are  supposed  to  thicken  out  as  they  approach 
the  Warwickshire  coal  field,  where  they  are  known 
to  be  underlaid  by  Millstone  Grit,  and  overlaid  in  this 
section  by  about  1,200  feet  Af  Penniui  strata,  where 
thicknt. 

466.  (Nr.  Preiiwich,)  I  think  yon  said  that  the 
thickness  of  the  Forest  of  Wyre  coal  field  was  about 
800  feet  ? — Tes,  where  crossed  by  this  section. 

467.  Have  they  reached  the  base  of  it  in  the  centre 
of  that  coal  field  ? — Not  that  I  know  of. 

468.  Do  they  still  work  any  coal  in  the  neighbour- 
hood of  Bewdley  ? — It  is  about  16  years  since  I  was 
theic.  Perhaps  you  have  been  there  since. 

46U.  My  experience  dates  about  the  same  time  as 
yours,  but  at  that  time  they  were  working  a  few 
seams  of  coal  ? — ^Very  few,  but  not  at  this  part  of  the 
coal  field. 

470.  You  say  that  those  ore  the  upper  beds  of  the 
C!oal-4iiea8ure8  ? — Yes. 

471.  The  ilueknesB  of  this  part  ofthe  Forest  of  Wyre 
coal  field  is  800  Soet,  whilst  ihe  Warwickshire  end 
of  the  section  shorn  you  a  thickness  of  3,000  feet  ? — 
3,000  feet  or  tbereaboats. 

472.  Can  you  tell  me  what  relation  tliese  beds  bear 
to  those  of  the  Warwickshire  coal  field ;  do  the  whole 
of  the  series  expand,  or  are  these  a  continuation  of  the 
upper  or  of  the  lower  beds  of  the  Warwickshire  series  ? 
— You  have  asked  a  question  which  involves  one  of  the 
most  obscure  points  in  carboniferous  geology.    If  you 

,  would  like  me  to  explfun  what  I  know  upon  the 

subject,  I  will  do  so,  but  it  will  take  a  little  time. 

473.  You  say  that  die  beds  in  the  southern  pai't  of 
the  Stafibrdshire  coal  field  are  thin  and  unproduc- 
tive ?— Yes. 

474.  Are  those  the  upper  or  the  lower  beds  of  the 
Staffijrdsfaire  coal  field,  and  what  rolatu>n  also  have 
they  to  the  Forest  of  Wyre  Coal-measures? — ^The 

I  genUemen  who  sank  at  Waasel  Grove  and  near  Hales- 

owen considered  that  they  passed  through  the  measures 
which  a  litde  further  north  are  associated  with  the 
"  thick  coal,"  i.e.  which  lie  above  and  below  the  "  thick 
coal,"  that  coal  being  represented  by  a  smut  of  a  few 
inches  thick.  That  was  their  opinion.  It  is  very 
important,  and  bears  upon  the  subject  of  your  question. 
See.  2,  PL  1.  This  No.  2  is  a  section  from  Stourbridge  to  Quinton 
Church  across  the  southern  end  of  ^e  South  Staf- 
fordshire coalfield,  which  is  faulted  on  its  west  and 
east  boundaries.  On  the  west  the  Permian  rocks  are 
thrown  against  the  base  of  the  Carboniferous  and 
Upper  Silurian  strata,  and  on  the  east  agMnst  the 
Coal-measures,  which  are  here  probably  aboat  1,100 
fdet  thick,  and  include  the  "  thick  coeA"  aboat  850 
&et  from  the  surfitce.  It  is  imposuble  aconrately  to 
estimate  the  tb^<^^»Ay  of  these  Permian  strata.  On 
the  east  side  of  llie  coalfield,  perhiqw  about  1,300 
feet  from  the  surface,  the  Coal-measures  might  be 
found  on  the  east  side  of  the  fault;  and  on  the 
west  side  of  the  western  fault  might  perhaps  at 
about  the  same  depth  you  reach  the  base  of  the 
Permian  strata  ;  but  whether  you  would  come  to 
Coal-measures  or  Silurian  rocks  1  am  unable  tb 
The  next  section  is  No.  3,  and  runs  from  the 


Sec.  8,  Fl  1.  say 


north  end  of  the  Forest  of  Wyre  across  the  south 
Staffordshire  coal  field  to  West  Bromwich.  The 
Coal-measures  of  the  Forest  of  Wyre  are  here  doubt- 
fully estimated  at  1,150  feet  thiek.  Two  beds  of  ceal 
are  included,  one,  a  five-feet  coal,  is  reported  about 
800  feet  from  the  base  of  the  Permian ;  another, 
called  the  "stinking  coali**  lira  about  B60  feet  higher. 
Tho  account  of  tSiese  coals  was  given  by  im  old  miner, 


when  the  Grcological  Survey  mapped  the  coal  field. 
We  have  no  information  connected  with  them  which  b 
to  be  thoroughly  depended  upon.  These  are  oauallj 
considered  m  upper  Cool-measures,  which  are  often 
nearly  unproductive.  The  eastern  part  of  the  section 
runs  across  the  South  Stafibrdsliire  coal  Mi, 
through  Kingswinford,  Dudley,  and  West  Bromwicb. 
The  Coal-measures  at  the  western  part  of  the  coal 
field  include  all  the  coals  as  high  as  the  upper  sulphur 
coal,  and  the  depth  from  the  surface  of  the  ground  to 
tlio  bottom  of  the  coal  measures  is  about  750  feet 
They  lie  upon  Ludlow  rocks.  The  west  side  of 
the  coal  field  is  hounded  by  a  fault  which  thrown  the 
Upper  Bed  and  Mottled  Sandstone  against  the  higher 
beds  of  the  Coal-measures.  This  Sandstone  is  hoe 
about  100  feet  tiiit^.  Below  it  lie  the  CongloHunto 
beds  of  the  New  Bed  Sandstone  from  200  to  300  feet 
tiiick.  Below  that  there  is  the  Lower  Bed  and  Uotfled 
Sandstone,  which  has  here  probably  thinned  away  to 
about  100  feet  in  thickness.  Below  that  there  are  the 
Permian  beds,  estimated  at  from  1,800  to  1,950 
feet  in  thickness.  The  Coal-measures  of  the  South 
Staffordshire  coal  field  t  believe  to  be  thrown  down 
on  the  west  by  this  fluilt,  and  that  they  are  continued 
under  ground  in  the  M«a  which  lies  between  the  South 
Staffordshire  and  theForestof  Wyrecoalfields.  Thecoal 
field  of  South  Staffordshire  in  its  soathem  area  is  never 
known  to  exceed  about  1,000  feet  in  thickness,  and  it 
contains  the  "thick  coal"  and  a  number  of  other 
important  coals,  which  possibly  may  be  continned 
somewhat  to  tlie  west  of  the  boundary  fault,  but  the 
precise  relations  of  the  South  Staffonishire  coal  field 
to  the  Forest  of  Wyre  coal  field  undei^round  are  verjr 
obscure. 

This  question  is  this — 

Ist,  Do  the  Coal-measures  of  South  Staffordshire 
belong  to  lower  measures  than  those  of  the  Forest  of 
Wyre,  the  former  being  productive,  the  latter  almMi 
unproductive  ?  If  this  is  the  case  the  South  Stafford- 
shire Coal-measures  must  thin  out  beneath  the  con- 
tinuation of  the  Coal-measures  of  the  Forest  of  Wne 
somewhere  in  the  area  between  the  two  coal  field?. 
Or,  2ndly,  are  they  both  of  the  same  age  (Upper  Coal- 
measures),  consisting  of  beds  which  are  productive  in 
Staffordshire  uid  unproductive  in  the  Forest  of  Wyre. 
In  this  case  the  profitable  coal  seams  must  thin  out 
beneath  the  newer  strata  between  the  coal  fields. 
The  disappearance  of  the  prodnctive  Coal-measnRs 
at  Wossell  <^ve  and  Halesowen  is  not  un&vounUe 
to  the  letter  opinion. 

On  the  east  side  of  this  section  the  Permian  roHcs 
are  faulted  against  the  Coal-measures,  but  the  ftnh 
is  of  no  great  magnitude.  At  West  Bromwich  the 
Coal-measures  dipping  west  crop  up  against  the  hate 
of  the  Permian  rocks,  and  further  east  the  Permian 
strata  probably  lie  direct  npon  Silurian  beds. 

475.  I  see  that  you  have  drawn  the  Old  Red  Sand- 
stone in  Section  No.  1  as  rising  in  the  centre  of  the 
Forest  of  Wyre,  and  diminishing  the  thickness  of  die 
Coal-measures  to  a  small  thickness  ? — ^Yes. 

476.  Is  there  any  cause  for  holding  that  opinion? 
— There  is  some  cause. 

477.  There  is  a  very  important  fiiult  here  (pointing 
to  seetioH  No.  8)  on  the  west  side  of  the  South  Staffinii* 
shire  coal  field,  and  the  Coal-measnres  on  the 
east  side  are  from  800  to  1,000  feet  thick,  hut  is  It 
not  possible  that  on  the  west  side  <^  that  fault  yon 
may  have  a  greater  thickness  of  Coal-measures  thaa 
you  have  to  the  east,  in  consequence  of  their  haring 
been  protected  from  later  denudations  by  the  overljii^ 
beds  of  the  New  Bed  Sandstone  ? — It  is  possible,  but 
in  my  opinion  the  difference  probably  is  not  great, 
for  trds  reason,  that  the  Coal-measures  of  the  southera 
end  of  the  South  Staffordshire  coal-field,  between  the 
base  of  the  Permian  strata  and  the  top  of  the  Siloriu 
rocks,  are  thin.  At  the  extreme  south  end  thef 
are  probably  not  more  than  800  feet  thick.  There- 
fore, as  this  section  crosses  the  coal-field  not  fu 
fitun  the  south  end,  I  think  that  we  are  probably 
Tery  near  ihe  top  of  the  Coal<4neaanrefl  where  the7  are 
crossed  hj  the  section ;  and  Mr.  Jnkee,  yrkm  I  ooo- 
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Bolted  on  the  Bnbject,  incUnes  to  tiie  same  opinion. 
3eo.4,FLl.  I  will  now  take  section  No.  4.  This  is  a  section 
running  from  west  to  east,  from  the  north  end  of  the 
Forest  of  Wyre,  across  the  South  Staffi>rdshire  coal- 
field, and  in  the  mun  exhibits  the  same  kind  of 
phenomena  as  No.  3.  On  the  west  side  of  the  South 
Staffordshire  coal-field  the  Permian  rocks  are  estimated 
at  from  1,000  to  1,200  feet  in  thickness,  and  the 
greatest  depth  of  the  New  Bed  and  Permian  rocks 
together  underneath  Lawneswood  is  about  2,500  feet, 
where  I  believe  that  Coal-measnres  might  probably  be 
reached. 

478.  There  I  suppoae  you  wonld  look  to  a  jvo- 
longation  to  a  certun  extent  of  the  productive 
measures  of  the  Stafibrdshire  cmd-field  7 — Tea. 

479.  (Mr.  Diekituon.)  The  coal  seams  of  Sonth 
Staffordshire  consist  of  very  good  coal  ? — Yea, 

480.  With  respect  to  the  Forest  of  Wyre  coal-field 
to  which"  yoo  have  referred,  you  have  described  one 
coal  as  the  "  stinking  coal,"  and  the  other  as  a  flve^feet 
coal  of  a  poor  quality  ? — did  not  say  that  it  was  of  a 
poor  quality,  but  that  I  had  no  information  about  it. 

481.  But  at  all  events  the  marketable  value  of 
these  coals  does  not  appear  to  correspond  ? — No. 

482.  There  is  still  some  doubt  as  to  whether 
these  coalfidds  are  connected  underneath  the 
Secondary  rocks  ? — I  do  not  think  that  there  Is 
much  reason  to  doubt  the  connection.  In  ex- 
ploring tiie  Sonth  Staffi>rdshire  coal  field  ii-oni 
north  to  sonth,  if  Mr.  Graves  and  the  mining 
engineers  of  that  district  are  right,  yon  c<mtinue  in 
the  same  measures,  and  all  the  profitable  beds  dis- 
appear and  thin  away  to  nothing  as  you  approach 
the  Lickey  Hills.  Aiid  I  conceive  it  possible  that 
the  Forest  of  Wyre  coalfield  may  be  the  actual  repre- 
sentative of  the  South  Staffordshire  coalfield,  and 
that  the  whole  series  may  be  deteriorated  in  quality 
underground  as  yon  go  from  east  to  west.  I  do  not 
say  that  it  is  certain.  I  conceive  it  possible  that 
jast  as  the  Sonth  Staffi>rdBhire  coalfield  deteriorates 
as  you  go  from  north  to  south,  so  it  may  also 
deteriorate  as  you  go  from  east  to  west  nndMneath 
the  New  Red  and  Permian  strata. 

483.  {Mr.  Fresttoieh.)  Then,  without  actual  ex- 
periments, it  would  be  quite  impossible  to  say  how 
far  the  productive  beda  ctmti&ne  ?— Quite  impossible. 

484.  Was  the  tMeknesB  "ndiich  yon  gave  us  just 
now  the  Permian  and  New  Bed  at  Lawneswood  the 
greatest  thickness  in  that  district?  —  It  was  the 
greatest  estimated  thickness ;  the  New  Bed  Sandstone 
is  about  1,200  feet,  and  the  Permian  about  1,860  feet 
thick. 

485.  (Mr.  Geddes.)  Are  there  known  to  be  any 
beds  of  trap  in  the  district  ? — ^There  are  no  beds  of 
trap  known  ;  none  come  to  the  surface.  The  east 
side  of  section  No.  4  shows  a  fault,  throwing  the 
Permian  strata  against  the  Coal-measures  and  Upper 
Silurian.  This  is  the  eastern  boundary  fault.  The 
thickness  of  the  Permian  strata  near  the  iault  is  very 
doubtful,  but  probably  it  may  be  from  400  to  1,000 
feet,  and  I  should  expect  to  find  Coal-measures  below, 

B.  5,F1.I.  including  the  "  thick  coal,"  for  a  short  distance.  No.  5 
is  a  section  fr-om  south-east  to  north-west,  from  Lappal 
Tunnel  to  Compton  near  Wdvwhampton.  At  the 
south-east  eaA  the  Permian  rocks  are  faulted  against 
Coal-measures,  bat  the  ground  is  exceedingly  obscure. 
The  thickness  of  the  Fermifui  rocks  ia  unknown, 
and  the  value  of  the  Coal-measures,  I  believe,  is  un  - 
known.  On  the  north-wesi  the  Permian  rocks 
are  faulted  against  the  Upper  Silurian  strata,  and 
about  one  sixth  of  a  mile  frcon  the  fault  a  small  patch 
of  unproductive  Coal-meaatu-es  lies  on  the  Silurian 
beds.  I  therefore  believe  that  the  whole  of  the 
Silurian  strata  of  this  region  were  once  covered  by 
the  Coal-measures  of  the  South  Stafibrdshire  coal- 
field, because  throughout  all  this  area  ihey  lie  acci- 
dentally nearly  conformably  upon  tiie  Silurian  strata, 
and  partake  of  the  same  system  of  disturbance  and 
contortion.  Therefore  the  Coal-measures  probably 
lie  below  the  Permian  strata  west  of  the  western 
boundary  fault,  at  from  1,000  to  1,500  feet  deep, 
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according  as  you  approach  or  recede  frran  tiie  fault. 
The  Permian  strata  are  probably  here  about  1,250 
feet  thick,  the  New  Red  Sandstone  overlying  them 
westward.  The  New  Red  Sandstone  rocks,  about 
three  miles  from  the  fanlt,  attain  a  thickness  of  about 
800  feet,  giving,  a  total  thickness  of  2,050  feet  from 
the  suriiice  of  tiie  ground  to  the  base  of  the  Permian 
rocks. 

486.  {Mf.  Dickinson.)  At  what  is  marked  as  the 
western  boundary  &ult  here,  where  the  coalfield 
terminates,  has  it  been  ascertuned  to  be  a  direct 
downthrow,  or  does  the  Permian  put  on  there  as  an 
overlap  ? — believe  that  it  is  not  an  overlap,  but 
that  it  is  a  downright  dislocation.  I  am  quite  satis- 
fied that  it  is  a  didjocation,  and  I  should  be  satisfied, 
though  no  experiment  had  been  made,  frmn  the  way 
in  which  the  rocki^  were  found  to  behave  in  mapping 
out  the  geolt^y  of  the  country. 

487.  Has  it  not  been  found  that  the  coals  as  they 
approach  that  fault  near  Wolverhampton  deteriorate 
in  quality  ? — I  am  not  describing  the  Coal-measures. 
I  am  describing  the  country  between  tibe  coalfields, 
and,  with  your  permission,  I  will  give  no  details 
connected  with  the  coalfields  themselves,  excepting 
what  are  essential  to  the  object  for  which  I  prepared 
these  sections.  I  would  rather  not  complicate  the 
evidence  with  subjects  which  are  not  essentially 
connected  with  it. 

488.  To  show  how  the  coal  behaves  in  ^ipoaoh- 
ing  an  important  &ult  like  that  is  about  the  onlj 
means  which  we  have  guiding  us  to  a  condmion 
as  to  what  becomes  of  those  Coal-measures  underneath 
these  overlying  rocks,  is  it  not  ? — Coals  are  injured 
by  faults,  because  faults  are  accidents ;  but  on  either 
side  of  a  fault  they  generally  right  themselves  in  a 
very  short  distance  ;  and  as  my  object  in  preparing 
these  sections  is  to  illustrate  the  large  question  of 
the  probable  continuation  or  discontinuation  of  Coal- 
measures  beWeen  coal-field  and  coal-field,  whetiier 
the  coals  are  more  or  lees  injured  in  the  immediate 
neighbourhood  of  a  fault  does  not  affect  my  argu- 
ment. 

489.  (Mr.  Geddes.)  Those  various  faults  which 
are  described  on  those  nnmerous  and  very  interesting 
8e(^<ms  are  proved  at  some  part  o£  the  fifud  j  th^  are 
not  assumed? — ^The  faoUs  generally  that  intenect 
the  coal-field  have  been  proved,  and  eteewhere  tiiere 
are  no  fiuilts  aasimied  without  evidence,  but  the 
evidence  ia  not  of  the  same  nature  as  you  get  in  a 
coal-field.  When  we  get  different  members  of  the 
New  Bed  Sandstone  and  Permian  strata  cropping 
out  in  order  and  unbroken  by  faults,  we  are  enabled 
to  estimate  their  thickness;  and  on  these  grounds 
we  come  to  very  accurate  determinations  with  regard 
to  the  thickness  of  the  various  members  of  the  New 
Bed  Sandstone,  &c.,  and  get  data  which  give  us  all 
the  elements  for  determining  the  position  of  &ults, 
and  for  approximate  calculations  of  the  amount  and 
direction  of  their  throw. 

490.  That  will  be  assuming  the  thickness  on  each 
side  of  the  fault  to  remain  alike  ? — Tes,  bat  allow- 
ance beyond  the  faults  is  made  f<n-  that  when  we  find 
a  thinning  out  of  cert^  members  of  a  series,  as  we 
Tonstantly  do. 

491.  (Mr.  Diekimort.)  Up  to  the  present  time,  at 
any  point  has  the  coal-field  been  pierced  where  there 
are  overljring  rocks  ? — Tes.  Mr.  Jukes  described 
that  the  eodfield  has  been  reached  on  the  western 
side. 

492.  Is  it  possible  that  the  coal-field  for  some 
portion  of  this  district  described  may  basset  up 
against  these  secondary  rocks  ? — It  is  perfectiy  pos- 
sible, but  though  I  think  that  it  is  possible  I  do  not 
think  that  it  is  probable,  under  the  circnmstanora. 
I  will  now  go  to  section  No.  6.  From  west  to  east 
from  Bridgenorth  across  the  Soutii  Stafibrdshire  and 
Warwickshire  coal-fields.  It  commences  with  a  long 
narrow  band  of  Coal-measures  which  lies  upon  the  CHd 
Bed  Sandstone,  and  as  shown  on  the  nuq>  nnites  the 
coal-field  of  the  Forest  of  Wyre  with  tiie  eoal-fleld 
of  Coalbrodc  Dale.   Where  crossed  by  the  sectioa 
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these  Coitt-flB9itsureB  lie  meoaionixtitiij  on  the  Old  £ed 
SaadBtone,  and  gee  about  150  feet  thick.  They  are 
overiaid  1^  the  'Fenxuaa  roeks  luconibrniably. 

These  Coal-measures  probably  consist  of  the  upper- 
most carboaifecoas  strata  of  the  district ;  for,  in  the 
immediate  neighbourhood,  and  probably  nearly  on  the 
same  hwizon,  occurs  a  thin  band  of  limestone,  which 
contains  Spirorbis  carbonarins,  and  which  .liia^ 
sttm^  wherever' it  occors  in  En^^Umd,  is  near  the 
top  of  the  coal-fields.  In  Soath  Stafibrdshire  the 
coal-field,  where  crossed  by  the  section,  is  bounded  by 
the  west  -  boundary  &nlt  which  throws  Permian  rocks 
against  the  Coal-measures  containing  the  "  thick  coal." 
The  Permian  rocks  west  of  this  boundary  fault  are 
eslimated  aa  being  from  1^200  to  1,800  fieet  thick. 
Further  west  at  Ladywell  Cwpice  the  New  .Bed 
Suidatone  atrata  are  ■  about .  900  feet  thick,  and 
below  them  the  Coal-meaenrea  wonld  probably  occur  at 
a  depth  of  about  2,100  feet,  aasuming  tha^  brcdun 
here  and  there  by  &ults,  the  carboniferous  rocks  of 
South  Staffordshire  and  of  the  Forest  of  Wyre  are 
continuoas  beneath  the  Permian  and  the  New  Bed 
Sandstone  stmta. 

498.  {Mr.  I^eitvnch.)  I  think'  that  you  have  esti- 
mated t^e  thickness  of  the  Coal-measures  in  part 
of  the  Warwickshire  coalfield  at  about  3,000  feet 
Yes. 

494.  And  the  Stafibrdshire  Coal-meaauree  about 
4,000  ftet  ? — Yei,  whn:e  croBsed  by  the  section,  bat 
you  do  not  get  the  tf^  of  the  series. 

495.  Do  you  nii^oae  that  the  beda  of  the  South 
Staffiirdihiire  ooal-field-  repreaent  the  lower  beds  of  the 
Warwickshire  Coal'^neaauree  ? — My  opnion  is  that 
probabty  the  beds  of  the  South  StaffiMrdshire  coalfield 
rather  represent  the  upper  part-  of  the  Warwickslure 
Coal-incaeures,  and  that  the  Silurian  rocks  of  South 
Stafibrdshire  were  altogether  above  water,  when 
the  Millstone  Grit  and  the  lower  part  of  the  War- 
wickshire Coal-measures  were  being  deposited 
elsewhere. 

496.  Are  there  any  beds  of  the  Warwickshire  coid- 
field  which  can  be  identified  with  any  of  those  of 
ike  Staffordshire  coal-field  ? — ^Not  to  my  knowledge. 

497.  Is  it  the  upper  part  of  the-  Warwickshire 
coal  field  which  istiie  most  productive? — Yes.  The 
^mdoctive  beds  of  the  Warwickshire  coal  field  began 
at  a  deptli  of  about  650  feet  ftom  the  base  of  the 
Fermian  strata,  and  i^iout  500  feet  bdow  the  liiqe- 
stoue  band  contidiung  Spjrarbis  carbonarius. 

496.  la  that  band  well  developed  in  the  Warwiek- 
shire  field  ? — ^Tes,  extensively. 

499.  What  is  the  ^atest  depth  which  they  reach 
in  4hose  eoalfields  cannot  answer  Uiat  quesUon ; 
bub  I  should  think  that  Mr.  How^  could  do  so. 
You  will  probaMy  find  alt  that  in  Mr.  Howell's 
memoir  upon  this  coalfield,  which  is  a  very  pains- 
taking and  elaborate  memoir.  I  may  mention  that 
the  lower  part  of  this  coalfield  contains  a  great 
number  of  hands  of  trap  which  are  of  later  ^e  than 
the  Coal-DMBsnrei.  'They  alter  the  shales  amidst 
wluch  they  lie,  and  have  been  intruded  to  a  great 
extent  between  the  lines  bedding. 

500.  (Mr.  ZMcMuoil.)  Hie  coal  workings  in 
Warwickshire  have  already  considerably  extended 
underneath  the  Permian  strata  ? — ^Yea ;  a  long  time 
ago. 

501.  (Chairman.)  It  has  been  suggested  by  iSr. 
Dickinson  and  by  Mr.  Geddes  that  it  would  be  very 
desirable  to  have  these  sections  published  as  wood 
cuts,  iti  the  Report  of  the  full  Commusion  ;  and  that  is 
a  question  for  the  gentlemen  who  are  here  assembled 
to  consider,  namely,  whether  it  would  not  be  very 
desiraUe  to  have  these  sectioius  reduced  so  that  the 
public  at  lai^  might  at  onoe  see  the  value  of  these 
geologteid  illustrations. 

502.  {Mr.  Prestwich.)  I  think  that  these  sections 
are  of  great'  vidne.  I  took  it  for  granted  that  they 
would  Iw  published,  tsxA  I-  hope  to  see  tiiem  pubUi&ed, 
not  as  woifid 'cuts  hut  as  -kiger  UthograE^  because, 
as  wood  cuts,  tbey  would  be  ixa  ao  rataH  a  scale  that 
we  could  hardly- judge  of  them. 


■  -(iOS.-  (CJIairnctt).  WhatdoeaKofesBorBaoMKy  sajr 
vpon  that  point?',' 

604.  (Proftsmfr  Ranuay.)  I  published  aectifma  of 
this  kind  more  than  22  years  ago,  and  I  could  show 
you  eiiampWof  them.  My  opinion  ii^,  that  if  you  tried 
to  put  these  sections  in  wood  cuts,  and  to  reduce 
them  to  the  length  of  a  blue  book  page,  even  if 
very  large,  you  could  not  draw  wood  cots  of 
such  a  size  as  would  properiy  explain  the  ground. 
The  way .  in  which  I  had  sndi  thii^  done  before 
was,  tbey  were  engraved  on  copper  plates,  and  they 
could  equally  well  be  done  upon  litfaogn^uc  atones, 
and  <m  such  a  scale  and  in  such  a  manner  that 
it  would  be  impossible  to  mistake  the  meaning  of 
the  sectifxu.  Hy  opiwin  is  that  no  wood  cut 
would  be  elear  enou^  tat  this  object^  and  that 
iba  largest  possible  page  wonld  not  be  enough  if 
the  meaning  <^  the  sections  is  to  be  dearly  expr«sed. 

505.  ( Chcdmum.)  It  could  mily  be  cUme  having 
folding  pages  ? 

(Professor  Ramsay,')  Tes ;  that  is  my  opinion. 
But  it  will  be  for  the  Committee  to  talk  over  the 
matter  and  for  the  full  Commission  to  decide. 

(Mr.  Geddes.)  I  am  very  clearly  of  opinion  that 
the  value  of  these  sections  will  not  be  brought  out 
unless  we  have  them. 

506.  (Chmrman.)  I  think  that  the  Cmnmittee 
would  be  of  opinion  that  upon  this  very  reduced  scale 
and  with  folding  pages  it  is  desirable  to  have  this 
done,  with  a  view  to  the  full  illnatration  of  our 
subject  and  we  shotdd  refer  it  to  the  general  Com- 
mission to  adopt  it. 

'  (Professor  Hamaay^  My  own  opinion  is,  ^t  after 
all  tiie  sectifma  are  gone  over  some  weeding  mi^t 
be  done.  I  have  uwd  every  section  publidied  by 
the  GeoI<^cat  Survey,  and  I  think  that  we  could 
reduce  their  number,  but  it  is  for  the  Committee  to 
decide  upon  it  when  Aey  have  had  the  evidence. 

507-  (Chairman.)  Wonld  it  be  desirable  when  you 
have  made  this  weeding  to  retain  those  sections  where 
the  coal  wUl  be  found  under  the  superjacent  roeks  ? 

(Professor  Rmtuay.)  I  think  that  such  a  selecdon 
might  be  made,  pointing  out  where  coal  would  be 
found,  and  also  where  it  would  not  be  found. 

508.  (Chaitman.)  Will  yon  proceed  with  your  ' 
statement  ? — I  will  now  take  section  No.  7,  from  SkM".- 
the  Wrekin  on  the  west  acroas  the  CoallHwricdale  coal- 
field, Patshull  Park,  Fam  Hill,  and  the  South  Staf- 
fordshire coal-field  to  near  Barr  Beacon.  It  wOl  be 
rememberad  by  the  Committee  that  Coidbrook  Dale 
■WKR  admirably  nu^iped  many  years  ago  by  Mr.  Prest- 
wich, and  his  map  and  memoir  will  be  found  in  the 
Transactions  of  the  Geological  Society,  2nd  series, 
voL  5, 1840,   The  data  used  by  me  are  those  supplied 
by  the  map  of  sections  of  the  Geological  Survey,  which 
are  of  later  date.  The  Coal-measures  of  the  Coalbrook- 
dale  coal-field,  where  crossed  by  this  section,  are  about 
850  feet  thick  down  to  the  top  of  the  Millstone  Grit.  \ 
That  is  approximately  the  same  kind  of  thickness  { 
which  we  have  in  the  southern  half  of  the  South  Staf-  i 
fordshire  coal-field,  and  they  contain  a  number  of  I 
beds  of  workable  coal  which  I  need  not  deti^.  The 
Sontii  Stafibrdshire  coal-^d,  where  croased  by  | 
this  section,  east  of  Sedgley,   contains  the  **  thick  | 
coal"  -and  other  coals  as  fiv  as  the  "Inoodi  coal." 
Near  the  western  boundary  faidt  there  is  a  patch  <£  | 
unproductive  Coal-measures  lying  on  the  Silunan  | 
rocks,  with  an  accidental  conformity.   On  the  west 
of  the  boundary  fault  in  Sont^  Stafibrdshire,  the  Per- 
mian rocks  abut  upon    the  Coal-measures,  and  are 
approximately  estimated  at  1,400  feet  thick.  Fur- 
ther west,  about  four  miles  from  the  coalfield,  the 
New  Red  Sandstone  attains  a  thickness  of  nearly  1,000 
feet,  and  near  Fattingham,  where  the  Lower  Keoper 
Sandatone  forms  the  surface^  and  where  the  Lower 
Soft  Red  Sandstone  is  probably  thicker  than  where 
it  approw^es  the  South  Staffordshire  coalfield,  the 
total -inereaaeB  in  thickness,  and  is  about  1,300  feet. 
Underaeatii  New  Red  and  Fermian  strata  carbouforous 
To^  m^t  be  fbund  where- deepest  at  a'  depth  of 
2,600  or  2,700  feet,  assuming  that  the  South  Stafibrd- 
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shire  and  the  Coribrookdale  ooAl-^dB  are'eontinnons 
nndM^rouiid* 

508.  {Mr.  Pregiteieh.)  I  beUeve  ihst  to  a  certaiii 
extent  those  Coal-measnras  have  been  prored  to' 
be  continaoiiB  ? — To  a  certun  extent  tbej  have  been 
80  proved.  On  the  western  side  of  the  South 
Staffi)rdfihire  coal-field  it  is  known  that  the  Coal- ' 
measares  underlie  the  Fermiatl  strata,'  but  that  has 
only  been  proved  to  a  -very  small  distance.  They 
have  sunk  shafts  on  the  west  side  df  the  boundary 
fault,  and  have  come  to  the  Coal-measuree  ;  they  have 
at  all  events  in  a  drift  way  passed  through  a  ftnlt, 
whieh  Mr.  Jukes  has  pointed  ont,  and  they  came 
to  the  Permian  strata. 

510.  That  is  in  the  Staffordshbe  coal-field  ?— Tea  ; 
these  la  a  downcast  to  the  west,  and  upon  all  reaaon- 
mUe  ndea  I  should  say  that  yon  would  find  tlw  Coal- 
meaanres  undo-  the  Permian  strata.' 

511.  Have  they  not  sunk  a  pit  near  Shiffiiall  in  tiie 
Coalbrookdale  coal-field  ? — Yes ;  bat  the  details  I 
have  not  got,  though  I  could  easily  get  them. 

612.  What  is  the  distance? — I  think  it  is  about 
half  a  mile.  I  believe  that  the  surface  of  the  rocke 
(mdemeath  the  Goal-measnres  between  Coalbrookdale 
and  the  South  StaffcH^sfaire  coalfield  will  be  ex< 
ceedingly  irregular,  and  for  the  most  part  it  is  more 
likely  to 'consist  of  Silurian  rocks  than  of  the  Mill- 
stone Orit,  and  this  introduces  an  element  which 
may  be  the  cause  of  a  deterioration  of  the  Coal- 
measorsB  if  they  exist  between  the  two  coal-fields, 
or  even  of  their  disappeanuice  altt^ether. 

518.  What  are  your  reasons  wc  con^dering  so? 
-^My  reasona  are  these.  Whereveryon  have  a  thick 
coal-flbld  lying  npon  the  MUhtone  (xri^  you  have  one 
of  the  elements  of  regularity  in  the  original  stratification 
of  that  coid-field,  including  sometimes  a  tolerably  ex- 
tensive continuity  of  special  beds  of  coal.  When  the 
growth  of  the  v^tables  which  formed  the  beds  of 
coal  was  going  on,  there  is  every  reason  to  assume 
that  they  grew  upon  extensive  level  and  moist  tracts 
one  after  another  in  snccessive  periods.  When  the 
Coal-measures  lie  duectly  and  unconformably  upon 
Silurian  and  Old  Bed  Sandstcme  strata,  the  original 
surface  was  at  the  commencement  of  the  deposition 
of  the  Coal-measures  of  the  area  frequently  very  irre- 
gular, forming  hills  and  hollows ;  and  therefore 
over  portions  m  the  area  the  higher  ground  was  not 
of  a  nature  to  promote  the  growth  of  those  vege- 
tables which  fcmued  coal,  under  such  conditions  as 
would  be  &Tonnble  for  their  accumulation  to  so 
great  a  thickness  and  breadth  as  to  produce  very  con- 
tinuous beds  of  coal,  and  in  ray  opinion  that  is  the 
reason  why  there  is  much  irregularity  in  some  of  the 
beds  in  the  South  StaSbrdshire  coal-field. 

514.  What  are  yonr  reasons  for  supposing  that  the 
Silurian  rocks  prevail  rather  than  the  Millstone  Grit 
underneath  the  intermediate  area  ? — My  reasons  are, 
that  when  any  rock  older  than  the  Coal-measures  crops 
out  in  South  Staffi}rdshire  beneath  the  coal-field,  it  con- 
sists of  Upper  Silurian  strata.    Also  if  you  follow 
Wenlock  Edge  and  the  escarpment  of  the  Aymestry 
limestone  you  find  that  when  you  get  to  the  north  end 
of  these  ranges  the  Limestones  begin  to  curve  round 
to  the  east  towards  the  Severn,  and  west  of  Apl^ 
park,  the  Ayniestnr  liimestone  crops  up  directly 
underneath  the  Cow-measures,  without'  the  interven- 
tion Old  Bed  Sandstone,  Carboniferous  Limestone,  or 
Millstone  Grit.   Further  South  the  Silurian  rocks 
are  overlaid  by  Old  Red  Sandstone,  which  in  the  main 
seems  to  me  to  He  in  the  form  of  a  great  basin  con- 
formably underlaid  by  the  Silurian  strata.    This  basin 
is  of  older  date  than  the  Coal-measures  which  lie 
unconformably  on  the  Old  Red  Sandstone  proper, 
wherever  they  occur  together.    The  country  south- 
east of  Wenlock  Edge  forms  the  western  side  of 
that  basin.   Further  south  the  Abberley  and  Malvern 
Bills  form  its  eastern  side.   From  the  Abberl  ey  Hills 
northwards  you  may  trace  the  Old  Red  Sandstone, 
underneath  uie  Forest  of  Wvre,  mudU'bontorted,  and 
Illimkit  likely  that  the  Silinriaa  rocks  on  the  north 
edge  of  the  Old  Red  Sandstone  near  Coalbrookdale 
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curve  round  to  the  eastrvrard  and  muthward,  'is&m 
to  jdin  tite  SQitriui  rocks  of  South'SttiflMrdshire  uid 
of  the  Midvem  HiUs.  Therefore  I  bonskter  tliaf 
the  ground  betmen  Coalbrookdale  and  flie  middle 
of  the  South  StaflRndsfaire  coal-fidd  is  more  likely  to 
be  occupied  by  Silurian  rocks  beiieath  tUe  Co&l- 
measures  than  by  any  other*  formation. 

515.  {Mr.  JXckiruon.)  May  not  Ihley  have  entirely 
displaced  the  Coal-meastfres  ? — Yes,  but  I  do  not 
thick  it  so  likely  as  the  otber  hypothesis. 

516.  The  degree  of  accidental  conformability^  of 
which  you  have  Bpoken  may  prevail  throughout 
between  thme  two'  coal-fields,  may  it  not  ? — ^No, 
because  when  you  get  to  Coalbrookdale  tiic  car-' 
boniferoufl  rocks  lie  unconformably  on  an  iTi'^ular 
Rur^Me  of  Silurian  and  Old  Red  Sandstone  z«cks. 
But'  where  the  '  Coal-nteaanres  may  be  thiek^  and 
where  thin,  between  the  coal-fields,  it  is  impossible 

for  me  to  form  any  estimate.  Section  No.  8  is  from  Sec-  8,  PI.  a. 
west  to  east  through  the  Coalbrookdale,  the  South 
Stafibrdshire,  and  the  Warwickshire  coal  fields  j  and 
then  it  is  continued  to  the  north-east,  showing  the  con- 
tinuation of  the  Leicestershire  coal-fields  under  the 
Kew  Red  Marl,  &c.  On  the  west  is  the  Coalb;-ook- 
dale  cotd-field,  overlaid  by  Permian  strata,  which  east 
of  the  Severn  are  only  about  2CX)  feet  thick,  l>eing 
overlapped  unconformably  by  the  Lower  Bed  and 
Mottled  Sandstone  of  the  New  Red  Sandstone  sbries. 
Eastwards'  the  Permian  strata  are  supposed  to  unrlerlie 
the  Triassic  series  which  are  found  in  the  district  as 
high  as  ^the  New  Bed  Marl  near  Wrottesley  x>ark. 
The  New  Red  series  here  has  a^  thicknos'  of  about 
1,350  feet,  including  50  feet  of  marl  at  the  top. 
Estimated  by  their  average  thickness  on  the  borders  of 
the  Coalbrookdale  and  South  Staffordshire  coal  fields, ' 
the  Pennian  strata  under  Wri>ttesley  Park  may  be 
about  1,500  feet  in  thickniBSS  ;  and  below  there,  the 
Coal-measures  may  possibly  occur,  on  the  hypothesis 
that  they  lie  iu  a  trough  between  the  two  coal-fields. 
But  as  it  is  likely  that  throughout  this  ai'eathe  Silurian 
rocks  form  the  base  of  the  whole,  it  would  not  b:;  safe 
to  feel  assured  of  a  continuous  profitable  coal-field  all 
the  way,  on  the  grounds  explained  when  I  described 
section  No.  7. 

517.  {Mr.  Preittri^^  What  is  your  reason  for 
holding  the  opinion  that  in  that  particular  area  there 
is  a  greater  probabilii^  of  meeting  with  the  Silurian 
rocks  than  with  the  Coal-measures  ?• — At  the  western 
end  of  the  Coal-measures  in  this  section  the  edge  of 
the  Aymestry  Limestone  crops  up  agunst  the  extreme 
feather  edge  of  the  Millstone  Grit,  and  a  littie  further 
east  the  lower  Ludlow  rocks  lie  directly  underneath  the 
Goid-measures  a  few  feet  below  the  "  clod  coaL"  It  is 
therefore  by  no  means  impQssible  that  further  east  the 
Silurian  rocks  may  crop  up,  and,  so  to  speak,  cut  out 
the  Coal-measures  altogether,  so  as  to  lie  directly 
against  the  base  of  the  Permian  rocks ;  and  as  the 
Permian  rooks  lie  unconfonnably  upon  the  Coal- 
measures,  and  as  the  New  Bed  Sandstone  lies  unconfor- 
mably upon  thePermaiu  rodcs,  it  is  even  [nsBible 
that  the  Pomian  strata  themselves  may  not  be  every- 
where continuous  between  the  two  coal-fields. 

518.  Then  you  consider  it  possible  that  the 
thickness  of  the  Permian  under  the  New  Red 
Sandstone  which  you  represent  there  may  have  been 
diminished  to  a  certain  extent  by  denudation  before 
the  deposit  of  the  New  Bed  Sandstone  ? — Yes.  But 
under  these  circumstances  the  chances  would  be  that 
you  would  oome  to  the  Silurian  rather  than  to  the 
carboniferona  atzata. 

519.  It  is  a  ODutingou^  to  be  goarded  against 
Ym. 

520.  When  you  last  lose  sight  of  the  Silurian  strata 
in  the  Coalbrookdale  district  are  they  dipping  east- 
ward or  westward  ? — 'Westward  at  a  low  angle. 

521.  Unless  they  teke  a  reverse  dip,  you  consider 
it  possible  that  they  may  be  prolonged,  and  may  rise 
among  the  Coal-measures  to  the  eastward  ? — Yes, 
and  even  Lower  Silurian  rocks  may  crop  against  the 
bases  of  overlying  Btrat.  This  section  begins  at  the 
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Bouthern  end  of  the  Coalbrookdale  coal-field ;  and  on 
the  eastern  part  of  the  coal-field  between  Upper 
Bidding  and  the  Severn  the  Spirorbia  carbonarius 
Limestone  crops  out.  Whether  or  not,  for  example,  if 
yon  sank  under  the  Seyem  you  would  get  the  lower 
underneath  the  upper  Coal-measuree  is  very  doubtful. 

522.  {Mr.  GeSies.)  How  is  the  dipping  there  ? — 
It  ia  dipping  eastward  ;  but  in  my  opinion  the  thick- 
ness woold  not  be  great  down  to  Uie  Parian  strata. 

523.  {Mr.  Pretimeh.)  1  believe  that  none  of  the 
beds  of  the  Coalbnx^dak  coal-field  have  yet  been 
identified  with  those  of  the  Stafitadshire  coal-field  ?— I 
have  never  attempted  it,  and  I  believe  that  it  would 
be  a  fruitless  attempt. 

524.  Yon  have  expressed  an  opinion  that  the  Staf- 
fordshire beds  belong  probably  to  the  upper  Coal- 
measures,  corresponding  with  the  upper  beds  of  the 
Warwickahire  coal-field  ? — I  think  that  it  is  probable 
that  they  generally  correspond  with  the  upper  beds  of 
the  Warwickshire  coal-field,  but  I  do  not  think  that 
the  Stafibrdshiremeaanresrise  so  high  as  the  Spirorbis 
carbonarius  bed,  or  are  necessarily  what  ue  commonly 
called  Upper  Coal-measures. 

625.  Is  it  not  possible  that  the  beds  of  the  Coal- 
brookdale coal-field  may  be  lower  beds  than  those  of 
the  Staffindshire  coal-field? — 1  think  that  some  of 
them  moBt  be  lower  than  those  of  the  Stafibrdahire 
coid-field,  because  tiiey  lie  direcUy  upon  the  Millstone 
Grit,  which  is  absent  in  South  StaffinxUhire,  where  a 
base  has  been  reached. 

526.  Then  in  the  intermediate  area  you  might  get 
the  coals  of  the  two  fields  ? — I  think  that  you  might 
possibly  get  beds  generally  contemporaneous,  but  that 
does  not  imply  that  the  coal  will  be  altogether  con- 
tinuous between  the  two  coal-fields  ;  and  one  reason 
of  diat  is,  as  I  have  explained  before,  the  frequent 
irr^ularities  of  beds  of  coal  in  areas  in  which  the 
lower  carboniferous  beds  are  absent.  Another  reason 
is  the  possibility  of  Silurian  r9ckB  cropping  up  against 
the  base  of  the  Permiui  or  even  of  the  New  Bed 
Sandstone  strata,  and  cutting  out  the  Coal-measures 
between  the  coal-fields. 

527-8.  {Mr.  Dickinson,)  Reasoningby  analogy  frmn 
other  coal-fields,  one  would  rather  suppose  that  tiie 
South  Staffordiddro  measures  were  the  lower  measures, 
the  coal  of  the  South  Stafibrdshire  measures  being, 
to  a  very  considerable  extent,  durable  in  ba'ming, 
while  the  upper  coals  of  many  measures  are  swift 
burning  ? — -1  never  heard  that  before  ;  and  it  may  be 
of  very  great  value,  but  to  my  mind  it  would  not  have 
a  necessary  value,  because  I  am  reasoning  more  upon 
the  effect  of  the  ori^nal  form  of  ground,  on  the  mode 
of  accumulation  of  Coal-measures,  than  upon  that  kind 
<^  knowledge  which  is  derived  simply  from  a  com- 
parison of  one  coal-field  with  another,  with  regard  to 
the  relation  between  their  upper  and  lower  measures. 
I  see  no  reason  why,  under  given  circumstances,  beds 
of  coal  may  not  have  the  same  kind  of  qualities, 
whether  denved  from  the  top  of  one  coal-field  or  at 
the  bottom  of  anoUter.  I  think  that  we  have  a  case 
in  point  in  Scotland,  where  a  great  muiy  very 
▼alu^le  coal  beds  are  below  the  Carboniftrous  Lime- 
atone  ;  for  instance,  in  the  East  Lothian  coal-field. 

On  the  east  side  of  the  Soat&  Stafibrdshire  coal 
field,  where  it  is  crossed  by  this  section,  a  fault 
brings  the  New  Red  against  the  Coal-measures.  The 
amount  of  the  throw  is  unknown,  but  probably  it 
would  not  be  safe  to  estimate  the  Permian  strata 
underneath  at  less  than  from  700  to  1,000  feet. 
Beneath  the  Permian  strata  I  should  expect  to  find 
the  Coal-measures.  But  it  would  be  unsafe  to  predict 
what  particular  beds  of  coal  might  be  found  there. 
The  thickness  and  all  the  contents  of  the  Coal- 
measures  in  this  northern  half  of  the  South  Stafford- 
shire coal-field  ia  at  present  unknown.  Between  the 
Staflfordshire  and  the  Warwickshire  coal-fields,  the 
surface  conmsts  chiefly  of  couglomeiate  of  t|ie  New 
Bed  Sandstone  and  of  New  Bed  Marl,  intersected  1^ 
faults  which  twice  bring  Permian  beds  to  the  snr&ce. 
Where  the  section  reaches  the  Warwickshire  coal-field, 
half  a  mile  south-east  of  Tamworth,  there  is  a  fault 


bounding  the  coal-field  on  the  north-west.  .  This  fault 
at  the  surface  throws  the  Lower  Keuper  Sandstone 
against  the  Coal-measures.  Some  years  ago  a  well 
was  sunk  a  little  to  the  north-west  of  the  boundary 
fault,  through  the  Lower  Keuper  S^iT^dstone.  The  weU 
was  30  yards  deep,  and  at  the  bott<Hn  limestone  contain- 
ing Spirorbis  carbonarius  wm  fotmd,  but  being  so  upar 
the  &ult  the  limestone  was  much  broken,  and  the  dip 
was  not  to  be  obtained.  This  information  is  given  by 
Mr.  Howell,  who  ccmstmcted  this  part  of  the  section. 
If  yon  again  examine  the  section  between  thb  War- 
wickshire coal-field  and  the  South  Stafbrdshire  coal- 
field, you  will  see  that  it  conusts  of  New  Bed  Sandstoue 
and  Marl,  with  intervening  patches  of  Permian  strata 
brought  to  the  surface  by  faults  and  dcAiudation, 
and  there  is  every  reason  to  believe  that  so  far  the 
Permian  beds  are  continuous  under  ground  from  the 
westwards,  adjoining  the  South  Staffordshire  coal- 
field, where  they  attain  a  thickness  of  about  I,400  feet, 
If^  .as  the  well  sinking  seems  to  show,  the  Lower 
Keuper  Sandstone  rests  directly  upon  the  Spirorbis 
carbonarius  bed  of  the  upper  Coal-measures,  then  the 
Permian  strata  must  thin  '^ut  underground  between 
the  South  Stafibrdshire  coai-Held  and  the  Warwick- 
shire coal-field  near  Tamworth  ;  and  also  the  o>iiglo* 
merate  beds  of  the  Kew  Bed  Sandstone  must  thiu 
out  in  the  same  direction.  Considering  that  the 
Keuper  beds  lie  somewhat  nnGonf(»nu£ly  on  the 
Bunter  Sandstone,  this  last  statCTicut  is  by  no  means 
improbable.  At  ^e  same  time,  the  well  having  been 
sunk  close  to  a  fault,  and  the  limestone  having  been 
brought  up  much  smiashed,  it  is  pcwsible  that  a  frag- 
ment may  have  been  brought  up  derived  from  the 
rubbish  filling  a  broad  line  of  fault,  and  therefore  the 
possibility  of  the  upper  Coal-measures  lying  merely  at 
a  depth  of  200  feet  beneath  the  Lower  Keuper  Suid- 
stone  on  the  north-west  of  the  fault  should  be 
received  with  caution ;  fOr  by  an  inspection  of  the 
map  and  section  it  will  be  seen  that  the  Permian 
strata  are  not  far  distant  from  the  boundary  fault, 
and  that  they  overlie  a  very  large  proportion  of  the 
coal-field  further  south.  Also  a  small  outlying  patch 
of  Permian  strata  is  brought  in  by  an  east  and  west 
fault  in  the  middle  of  the  coal-field,  bA  a  point  not 
far  distant  from  where  the  section  first  enters  the 
coal-field.  The  diflBculty  which  meets  you  when  you 
try  to  balance  all  the  evidence  is  whether  or  not  the 
whole  of  the  coal-field  was  covei'ed  by  the  Permian 
strata  at  the  time  when  the  boundary  faults  took  place 
which  threw  the  New  Red  Sandstone  strata  against  the 
Coal-measures.  Considering  that  we  hare  Permian 
strata  in  one  place  on  the  east  side  of  the  coal-field 
in  this  neighbourhood,  and  that  a  thin  band  of  Penniao 
strata  in  also  found  cropping  out  below  the  New  Bed 
Sandstone  on  the  north-western  side  of  the  Leicester- 
shire coal-field,  1  am  inclined  to  thiuk  that  it  ia 
possible  that  the  whole  of  the  area  between  South 
Stafibrdshire  and  Waiwickshire  may  be  occupied  by 
Permian  strata  undwneath  the  New  Red  series.  To 
express  this  alternative  hypothesis  I  have  prepared 
another  section  over  a  part  of  the  same  area  (see 
below  on  the  sheet  of  sections),  showing  what  might 
be  the  position  of  the  Permian  strata  against  the  noi-th- 
west  boundary  fault  of  the  Warwickshire  coal-field 
underneath  the  Lower  Keuper  Sandstone  and  the 
Pebble  beds  of  the  New  Red  Sandstone,  which  under 
these  circumstances  would  also  abut  against  the  fault. 
The  depth  from  the  surface  to  the  base  of  the  Permian 
rocks  close  to  ibe  fault  would  then  be  about  1,000 
feet. 

529.  {Mr.  Geddes.)  Ton  are  aware  that  many  of 
these  faults,  which,  in  one  particular  divinon  of  tlie 
co^  district  are  found  to  be  large,  do  not  hold  the 
same  altitude  some  disttmce  ofi^,  in  fact  they  am  of  a 
wedge  shape  ? — ^Yes,  I  am  aware  of  that.  On  the 
eastern  side  of  the  Warwickshire  coal-field  ihen  is  a 
fkult  which  brings  the  conglomerate  or  pebble  beds  of 
the  New  Bed  Sandstone  against  the  Coal-measures 
dose  to  the  fault  On  tibe  west  of  the  fault  the 
Coal-measures  with  coals  roll  over  eastwards  in  an 
anticlinal  curve.   The  Permiaa  strata  abut  on  Uu 
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ftolt  in  the  same  neighbonziraod,  and  Ifaerefore  it  ib 
possible  that  tiiey  undeilie  the  pebUe  beds  where 
the  country  is  crossed  by  the  section.    Under  these 
circumstances,  I  think  it  probable  that  on  the  east 
side  of  this  fault  Coal-measures  may  be  found  at  a 
depth  of  600  or  800  feet,  perhaps  leas,  and  that  they 
may  be  continuous  underground  all  the  way  to 
Gharnwood  Forest,  where  the  conntry  is  crossed  by 
the  section.    The  Coal-meaaures  are  brought  against 
the  Cambrian  rocks  of  Chamwood  Forest  by  a  fault 
older  than  and  which  does  not  pass  through  the  Ix)wer 
Keuper  Saadstone,  which  here  overlies  the  Coal- 
measures.    Between  the  Lower  Keuper  Sandstone 
and  the  Coal-measures  there  lies  a  bed  of  igneous 
rack  aboat  25  or  30  feet  thick,  apparently  conformable 
with  the  Keuper  Sandstone,  and  Cool-meaSUres  con- 
tainii^beds  of  coal  have  been  proved  asfarsoutli-west 
as  the  river  Senge.   The  cods  there  are  known  as 
the  "  Heather  coals " ;  they  lie  in  a  very  slight 
synclinal  bend  under  the  river  Seuge,  where  crossed 
by  the  section,  and  seem  to  rise  against  the  base  of  the 
Lower  Keuper  Sandstone  on  the  S.W.    The  whole  of 
the  coal-field  underneath  these  New  Red  beds  seems 
to  lie  in  series  of  gentle  mtdulations,  and  therefore 
I  consider  it  probable  that  Coal-measures  may  be 
found  underneath  the  New  Bed  Sandstone  all  the 
way  to  the  Warwickshire  coal<field,    although  it 
becomes  more  doubtful  as  you  approach  it  With 
regard  to  this  probability,  everything  depends  upon 
the  amonnt  of  denudation  of   the  Carboniferous 
and  Permian  rocks  which   took  place  before  the 
deposition  of  the  New  Bed  Sandstone  and  the 
Kenper  Sandstone  and  Atol,  and   also  on  the 
amount  of  the  throw  of  the  finite  which  bound 
the  Warwickshire  coal-field  on  the  north-east  and  east. 
Between  Atherstone  and  Nuneaton  ^e  Millstone 
Grrit  crops  to  the  surface,  (section  6a)  and  on  the 
east  the  New  Red  Marl  is  thrown  against  it  by  a  fault. 
It  is  exceedingly  doubtful,  to  say  the  least,  if  the 
amount  of  this  fenlt  is  so  great  as  to  throw  in  against 
the  base  of  the  Millstone  Grit  2,000  or  3,000  feet  of 
Coal-measures,  which  would  then  underlie  the  Keuper 
series,  or  even  a  greater  amount  than  that,  for  the 
Permian  rocks  of  this  area  are  approximately  almost 
conformable  with  the  Carboniferous  beds.    It  is, 
therefore,  doubtful  if  we  should  find  profitable  Coal- 
measures  near  the  north-east  side  of  this  boundary 
fiuilt,  between  Nuneaton  and  Atherstone,  and  further 
east  to  -the  north.   Borings  have  been  mode  on  the 
side  of  this  fault  through  a  conaiderable  thickness 
of  New  R^  Marl  without  reaching  the  base.  Alto- 
gether, between  Gopsall  Hall  Park  and  the  coal-field 
on  the  south-west,  the  question  of  productive  Coal- 
measures  beneath  the  New  Red  Sandstone  may  be 
considered  as  doubtful ;  bat  I  incline  to  think  that 
it  is  more  likely  that  they  may  be  there  than  that 
they  are  absent. 

530.  {Mr.  Prettwich.)  At  what  distance  from  their 
outcrop  in  the  neighbourhood  of  Charnwood  Forest 
have  the  Coal-measures  been  traced  underneath  the 
Permian  and  New  Red  Sandstone  ? — Thei-e  is  a  pit 
at  Bogworth  sunk  through  the  New  Red  Marl,  which 
is  about  four  miles  &om  the  nearest  outcrop  Coal- 
measures. 

531.  Was  the  Permian  absent  in  that  pit? — ^It 
was.  They  sunk  through  the  New  Red  Marl  and 
the  Lower  Keuper  Sandstone,  and  a  few  miles  to  the 
north  at  Snibston  and  Whitmck  collieries  they  sunk 
through  a  bed  of  Volcanic  Ash  or  Greenstone,  I  do 
not  know  which.  It  lies  unconformably  upon  flie 
Coal-measures  and  conformably  with  the  Now  Red 
beds  that  rest  upon  it.  I  am  inclined  to  think  that 
it  may  be  of  Permian  ^e,  because  the  theory  obtains 
in  Scotland  that  there  were  numerous  volcanic  erup- 
tions of  Permian  age  which  broke  through  the 
Coal-measures,  and  which  in  Scotland  lie  quite 
unconformably  upon  the  Coal-measures.  North-east 
of  Charnwood  Forest  you  find  the  New  Red  Marl, 
and  occasionally  the  Lower  Keuper  Sandstone,  lying 
directly  upon  those  altered  slaty  beds,  which,  for 
wiwt  of  better  evidence  are  considered  to  be  uf 


Cambrian  age.  Where  croesed  by  section  No.  8  the 
New  Red  Marl  lies  Erectly  up<m  these  Cambrian 
strata ;  and,  as  patches  of  Millstone  Grit  and  Carbo 
niferous  Limestone  are  found  in  such  positions  that  it 
may  be  inferred  that  they  lie  in  places  directly  upon 
these  Cambrian  strata  on  the  north,  it  is  considered 
probable  that  they  also  lie  upon  the  Cambrian  rocks 
to  the  east  underneath  the  New  Red  Marl,  and  that 
no  Coal-measures  proper  occur  anywhere  between 
Chamwood  Forest  and  the  River  Soar,  or  further  to 
the  east  towards  Wysall,  where  the  section  ends. 
Another  reason  for  this  conclusion  is  that  the  Mill- 
stone Grit  and  Yoredale  rocks  which  underUe  tiie 
Derl^shire  coal-field  seem,  towards  the  southern 
end  of  that  coal-field,  to  be  curving  round  to  the 
eas^  and  the  continuation  of  that  curve,  in  my 
oinnion,  xdaj  run  towuds  Loughborough  and  the 
counby  further  east. 

{Mr.  Prtstteiek.)  We  must  express  our  obligations 
to  Professor  Ramsay  for  these  admirable  sections ; 
they  are  of  great  importance,  and  I  think  that  it 
clearly  comes  out  that  there  is  a  strong  probability 
of  the  Coal-measures  extending  at  a  depth  not 
exceeding  2,000  to  3,000  feet  in  the  areas  interme- 
diate between  the  great  coal-fields  of  Warwickshire, 
Staffordshire,  Coalbrookdale,  and  the  Forest  of  Wyre. 
I  have  been  much  struck  with  the  fcvco  of  the  addi- 
tional evidence  which  Professor  Bamsay  has  brought 
before  us.  Certainly,  the  thickness  of  the  Permian 
strata,  as  assumed  in  all  those  intermediate  districts, 
admits  of  question,  because  it  is  quite  possible,  ftom 
the  facts  stated  in  the  latter  part  of  his  eWdenee 
regarding  the  bearing  of  the  Pennian  imd  of  the  New 
R«l  Soi^stone^  that,  owing  to  the  denudation  of  the 
Permian  strata  before  the  deposition  of  the  upper 
members  of  the  New  Red  Sandstone,  the  thickness  of 
the  Pennian  strata  may  be  less  in  those  intermediate 
areas  than  is  represent^,  and  that  the  Coal-measures 
may  rise  nearer  to  the  upper  members  of  the  New 
Red  Sandstone  than  is  represented  in  the  sections. 
On  the  other  hand,  we  must  not  forget  that,  owing 
to  the  denudation  of  the  Coal-measures  before  the 
deposition  of  the  Permian  strata,  the  Coal-meaaureB 
may  in  some  parts  be  thicker  than  in  others.  Taking 
it,  however,  as  a  whol^  I  think  that  we  may  fairly 
accept  this  as  a  highly  probable  exposition  of  the  areas 
of  the  Coal-measures.  With  regard  to  the  thickness 
of  the  Coal-measures  themselvea  underneath  those  dis- 
tricts there  are,  I  thmk,  a  great  number  of  very  diffi- 
cult problems  to  be  solved  before  we  can  arrive  at  any 
conclusions  upon  that  sul^ect.  One  other  question 
arises,  whether,  if  the  Forest  of  Wyre  coal-fldd  is  an 
upper  unproductive  member  of  this  original  general 
coal-field  extending  throughont  these  intermediate 
areas,  we  may  expect  to  find  as  we  go  eastward  a 
certain  amount  of  unproductive  measures  underneath 
the  Permian  strata,  and  therefore  give  a  greater 
depth  to  sink  in  search  of  coal  than  if  we  had  more 
productive  measures  merely  covered  by  the  New  Bed 
Sandstone  and  the  Permian  strata. 

532.  {Professor  Ramsay.)  Assuming  that  the  Forest 
of  Wjre  consists  exclusively  of  the  upper  Coal-mea- 
sures  of  younger  date  than  any  part  of  the  southern 
half  of  the  SufTordshire  coal-field,  it  is  quite  possible 
that  it  may  continue  so  far  eastwards  under  ground, 
overlying  the  representative  of  the  South  Staflford- 
shire  cw-field.  At  Uie  same  time  it  is  by  no  means 
quite  certain  that  the  Forest  of  Wyre  coal-field  may 
not  partly  represent  the  South  Stafibrdshuv  coal- 
field, because  of  the  curious  disappearance  of  the 
thick  coal"  and  other  coals  in  the  country  near 
Halesowen  and  Wassell  Grove.  Further  south,  on 
both  sides  of  the  quartz  rock  of  the  Lickey  Hills, 
there  are  two  small  coal-fields  cropping  out  from 
underneath  Permian  strata ;  they  are  extremely 
thin,  and  contain  one  or  two  smidl  bands  of  coal ; 
nothing  is  worked  there ;  they  have  been  long  aban- 
doned. I  think  that  it  is  by  no  means  impossible  that 
poor  representatives  of  the  Coal-measures  m^ht  to  a 
great  extent  be  found  all  along  the  eastern  side  of  thq 
Abberley  and  the  Mendtp  I£Ue^  thoogli  it  ii  ^  bq 
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meani  certain^  and  if  found  they  might  probabfy  be 
utterly  valaelees.   My  reason  for  that  is,  beoanse  nelv 
Kewent  in  G^oacesterafaire  than  are  scane  very  tfafai 
so  Jane  1868.  etreafcs  of  Coal-aneaBiinB  between  the  New  Bed  Sand- 


stole  imd  the  Old  Bod  Stodstone,  and  they  are 
believed  to  bekmg  to  4lie  i^per  iminrodaetive  Coal- 
measures. 


A^onmed  to  To-morrow  at  10  o'clock 


D.— 12^  Jlfee^^,  Satwrday,  20th  June  1868. 

Pbesent  :  Sir  Bodbbiok  MuBOHisoir  (in  tike  chair)  i 
2.  Mr.  Gbddes;  3.  Me.  Pbestwich  ;  4.  Pbofessor  Ramsat  ;  «.  Mr.  Best. 

1.  The  short-hand  vriter  was  requested  to  send  the  manuscript  of  Profmsor  Ramsay's  evidence 
taken  on  the  19th  and  20th  to  the  Queen's  Printers,  East  Harding  Street,  with  a  request  that 
they  will,  as  soon  as  possible,  send  half  a  dozen  proofs  to  Professor  Ramsay  at  tbe  CJeological 
Museum,  Jermyn  Street,  who  will  send  a  proofs  if  he  thinks  proper,  tp  each  of  the  gentlemen,  who 
have  given  him  assistance  in  preparing  the  sections,  or  to  others  wbo  can  and  will  give  fixrth^ 
information  or  assistance  to  the  Committee.  Wh^  Piofessor, Ramsay  has  corrected  his  proof,  be 
is  requested  to  send  it  to  the  printers,  with  a  request  that  they  will  send  to  Committee  Boom  G., 
House  of  Lords,  20  revises  of  the  evidence  previously  taken,  revised,  and  now  made  up  in  double 
columns,  and  20  revises  of  the  new  evidence  in  slip ;  these  for  circuUtion,  one  set  to  each  member 
of  the  Commission. 

2.  The  next  meeting  to  he  held  at  the  same  place  on  Monday  at  one,  and  the  next  on  Tuesday 
at  the  same  hour,  with  a  view  of  getting  the  whole  of  the  evidence  of  Professor  Ramaay  into  type. 

3.  The  Secretaiy  was  directed'  to  send  notices  to  all  the  members. 


Professor  Ahdbew  Cbohbie  RucakT,  a  Member  of  the  Comnussion,  farther  exammed. 


683.  (Mr.  pTEstmch.)  Before  you  proceed  with 
your  eiplanfttion  of  the  sections,  which  you  com- 
menced yesterday,  I  wonld  surest  the  addition  to 
the  sections  which  were  brought  before  us  yesterday 
8m.  6a,  PL  1.  of  another  through  the  Warwickshire  coal-field,  as  the 
one  which  would  best  show  the  succession  of  beds 
from  the  top  to  the  bottom  of  the  series,  and  the 
Buflerpotition  npon  the  Millstone  Grit  (6a).  I  believe 
that  h  is  understobd  that  we  do  not  toncb  upon  any  of 
the  Lancashire  or  the  North  Wales  district  to-da^  in 
consequence  of  the  absence  of  Ifr.  Dickinson?— les. 
Before  descrilnng  the  sections  ^kich  are  reserved  fbr 
I  to-day,  I  should  like  to  preface  what  I  have  to  say 
with  one  or  two  remarks.  First,  that  all  the  sections 
exhibited  are  prepared  from  tiie  published  sections  of 
the  Geological  Survey  of  England  and  Wales,  of 
which  I  have  been  director  since  1845.  Many  of 
these  sections  were  originally  planned  for  the  pur- 
pcffie  of  throwing  light  on  the  questions  on  which  we 
are  now  engag^  long  before  this  Commission  was 
thought  of.  Wbat  I  have  now  done  ^is  to  produce 
below  sea  level  the  lines  marking  the  top  and  bottom 
of  the  different  secondary  and  Permian  formations 
which  crop  tu  the  surface  on  the  edges  of  the  coal- 
fields, showing  their  probable  arrangement  under- 
ground, and  the  probable  thickening  and  thinning  of 
these  formations  in  various  areas.  Also  the  reasons 
that  induce  me  to  consider  that  Coal-dieasitres,  or 
other  older  formations,  are  concealed  beneath  them. 
Kex^  that  having  prepared  a  number,  of  sections,  and 
being  in  doubt  on  several  important  points,  I  sum- 
moned to  my  assistance  my  colleagues,  jProfessor 
Jnkes,  Mr.  Howell,  and  Mr.  Hull.  'SSi.  Jukes 
mapped  the  South  Scaffordshire  Coal-field,  Mr.  Howell 
the  WMwickhire  Coal-field,  and  Mr.  Hull  the  Leices- 
tershire and  Lancashire  Coal-fields,  and  the  original 
sections  across  them  forming  some  of  those  now  ex- 
hibited are  by  these  genUemen  who  rendered  me 
valuable  aid  by  their  minute  knowledge  of  som^  of 
the  questions  with  which  we  have  to  deal.  I  will 
DOW  answer  Mr.  PTestwichls  question  with  regard 
to  the  strata  crossed  by  a  section  from  Duke  End 
near  Maxstoke,  across  the  New  Red  Sandstone 
Permian  strata,  and  Warwickshire  ooalfield  to  Watiing 
Bfereet,  between  Nuneaton  and  Atherstoue.  This 
Motkm  6a  crosses  the  Hartshill  to^  which  is 


believed  by  Mr.  Howell  and  myself  to  represent  the 
Millstone  Grit.  This  Millstone  Grit  dips  westeriy 
at  an  angle  of  about  45  degrees,  and  is  1,300  feet 
thick,  resting  on  Igneous  Rock,  or  possibly  this  so- 
called  Igneous  Rock  may  be  a  metamorphosed  for- 
mation of  a  crystalline  character.  One  bed  of  Green- 
stone about  50  feet  thick  lies  in  the  midst  of  ibe 
Millstone  Grit.  The  Millstone  Grrit  is  altered  from 
bottom  to  top  into  a  hard  quartz-rock,  largely  used 
for  macadamizing  roads,  and  there  are  indicatioiu  in 
it  of  black  shale,  whii^  induced  Mr.  ,  Howell  and 
myself  rather  to  consider  it  as  being  Millstooe  Grit 
than  the  equivalent  of  the  Quartz  rock  of  the  Uckey, 
South  Staffordshire,  with  which  other  geologists  had 
previously  co-related  it.  Above  the  Millstone  Grit 
there  are  1,650  feet  of  shales  with  four  lines  of 
Greenstone  or  Basalt,  T^bich  generally  lie  between  the 
lines  of  bedding,  but  in  places  slightly  cross  the  planes 
of  stratification ;  and  the  shales  being  altered  both 
above  and  below  the  Igneous  Rocks  they  M"e  considered 
by  us  not  to  be  contemporaneous  with  the  Carboni- 
ferous strata  as  lava  flows,  but  to  have  been  intruded 
among  them.  Above  these  shales  there  lie  1,300  feet 
of  Coal-measures,  containing  five  beds  of  coal,  namely, 
the  '*  Bench  coal,**  the  "  Seven  &et  coal,"  the  "  Slate 
coaJ,"  the"Ryder"  and  « Bare  coal,"  and  the  Fonr- 
feet  coaL"  Within  100  feet  of  the  top  of  the  Coal 
Measure  occuris  a  band  of  limestone  with  Spirorbis 
carbanarinB,  and  the  whole  is  overliud  by  the  Saml- 
8 tones  and  Red  Marls  of  the  Permian  series. 

534.  Are  there  no  coal  seams  at  dl  in  the  1,600 
feet  of  the  shales  at  the  base  of  those  Coal-measures  ? 
— None  that  I  know  of;  or  at  all  events  none  which 
are  worked.  The  Permian  strata  lie  nearly  conformably 
upon  the  Coal  Measures;  but,  here  and  there^  there 
are  slight  overlaps  of  the  Permian  beds  on  the 
upjtermost  part  of  the '  Coal-measures,  which 
show  that  the  conformity  is  not  absolute.  In  the 
middle  of  the  Permian  strata  rotmd  Arley  Wood  a 
patch  of  Coal-measures,  about  a  mile  and  a  half  in 
length,  and  from  a  quarter  of  a  mile  to  three  qnart«9 
of  a  mile  in  width,  rises  to  the  sur&ce,  and  a  fauH 
throws  down  the  Permian  Strata  i^ainst  theee  Coal- 
measures  on  the  west.  This  inlying  patch  of  Coal- 
measures  consists  of  the  uppermost  part  of  the  War- 
wickshire Carboniferous  aerite,  and  tiiis  is  known 
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becwise  the  L^n^tuie  w^th  Spirorbui  carbonariaa 
has  been  there  quarried  for  lime.   On  the  east  of  Arley 
Wood  the  Punnian  Strata  and  uuderlTing  Coal-mea- 
Bures  dip  eastwards,  and  therefor^  the  whole  lies  in 
the  fonn  of  a  low.  synclinal  ourve  between  Arley 
Wood  and  Galley  CtMnmon,  ^here  the  mass  of  the 
Coal-measures  crops  out  on  the  east  towards  Nuneaton, 
with  a  westerly  dip.   ,The  total  thickness  of  these 
overlyij^  Permmu  strata  is  here  about  300  feet,  and 
t  have  no  doubt  liiat  all  the  coal  beds  of  the  Warwick- 
shire coalfield  lie  underneath,  the  topmost  being  about 
1,000  feet  from  the  surface.    Westward  of  the  fault 
which  bounds  the  Arley  Wood  Coal-measures  on  the 
west,  the  Permit  strata  again  appear,  and  have  a 
probable  mftX'TnnTn  thickness  of  about  500  feet.  About 
a  mile  east  of  Mftxstoke  Park,  near  ColeshiU,  the  New 
Bed  Marl  is  faulted  against  the  Permian  strata,  and 
close  underneath  lies  the  lower  Keuper  Sandstone. 
The  section  is  continued  about  three  quarters  of  a  mijie 
west  of  the  &ult  which  bounds  the  Permian  strata. 
The  total  thickness  of  the  Kew  Bed  Marl  and  Lower 
Keuper  Sandstone  is  about  270  ibet.   They  lie  unoon- 
formably  upon  the  Pernuan  strata,  without  the  inter- 
vention  of  any  of  the  Bunter  Sandstones,  a  fact  proved 
at  the  south  end  of  the  Permian  strata  towards 
Warwick  and  lieamiugton,  and  also  by  the  arrange- 
ment of  the  strata  nea?  Berkswell.    The  highest 
Permian  beds  of  the  series  lie  at  the  south  end  of  the 
Pennian  formation  between  Warwick  and  Kenilworth, 
and  their  total  thickness  has  been  estimated  there  at 
about 2,000  ^t.  AfuUdescriptionofthis  coalfield  and 
(he  0T«rlying  strata  has  been  published  by  the  Geologi- 
cal. Sumy,  the  .memoir  being  by  Mr.  Howell.  There 
is  one  other  point  which  I  ou^ht  to  have  mentioned 
in  yesterday  8  evidence,  in  giving  a  description  of 
FLl.  Section  No.  1,  namely,  that  at.  Muaton  Quarry,  near 
Ma»t«i  Jablwtt,  there  are  symptoms  of  an  antidlnal 
curve  throwing  over  a  low  part  of  the  Carb<»dferouB 
strata  to  the  east,  underneath  Uie  Lower  Keuper 
Sandstone,  and  this  renders  it  more  probable  that  Coal- 
measnres  may  be  found  east  of  the  south  end  of 
the  coalfield  underneath  the  New  Red  Marl,  and 
some  distuice  east  of  the  fault  Pennian  rocks  may 
also  come  in  in  the  hollow.    But  as  masses  of  Green- 
stone  or  other  igneous  rocks  stand  out  through  the 
New  Red  Marl  between .  Sapcote  and  Enderby,  and 
as  these  are  believed  by  the  Geological  Survey  to  forQi 
portions  of  rocks  belonging  to  the  Chamwood  Forest 
beds,  it  is  possible  that  directly  oorthwards  from 
S^Hiote  to  Markfield  these  older  Paheozoic  strata  mj 
lie  directly  beneath  the  New  Bed  Marl  and  Lower 
Kenper  Sandstone  without  the  intOTvention  of  Coal- 
measures. 

585.  (Mr.  Geddet.)  Have  there  been  any  borings 
in  that  district  ? — There  have  been  no  bwings  in  this 
district  that  I  know  of ;  there  is  a  boring  west  of 
Sapoote,  which  I  believe  is  going  on  now.  I  think  that 
Professor  Phillips  has  given  advice  with  respect  to  it. 
At  Sapcote  Freehall,  about  a  mile  north  of  Aston 
Flamville,  a  boriog  is  now  being  made  through  the 
New  Red  Marl  to  a  depth  of  1,140  feet.  On  the  Slst 
.of  March  1868  it  was  reported  that  the  loi^est  500 
feet  conusted.  of  Coal-measures.  I  have  been  promised 
further  information  as  the  experiment  proceeds,  and 
I  will  communicate  it  if  I  receive  it. 

5350,  (Jtfr.  Prestwich.)  Did  I  rightly  understand 
you  to  say  that  those  are  old  eruptive  rocks  round 
which  the  New  Bed  Sandstone  wraps  ? — Yes. 

536.  Thensappo«in£j^iefetobepartofanoldrock 
surface,  it  is  equally  prfj^ble  that  th^  may  be  islands 
of  old  rock  surfitces  upcm  which  the  New  Bed  Sand- 
Btone  rests,  Mid  they  may  not  indicate  a  {H^olonged  fault 
cutting  off  the  Coal-  measure  eastward  ? — ^It  is  possible ; 
but  if  the  ground  were  mine,  I  should  be  very  doubtfiil 
about  sinking  for  coal  in.  thp  ground  eastwani  of  these 
islands  of  tr^  which  stand  through  the  New  Bed 
MwL  It  is  iJso  possible  that  a  tongue  of  Coal-mea- 
sures may  lie  between  Maxstoke  and  the  most  northerly 
of  these  igneous,  massee,  but  I  should  not  feel  justified 
in  saying  that  it  is  very  probable^ 

537.  Are  there  any  kttown  Coal  meMures  eastward 
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of  those  old  rooks,  in  any  pcolion  of  the  district  ?— 
None  are  known,  and  in  my  opinion  none  are  likely 
to  exist  near.  them. 

537a.  Not  in  proceeding  northward? — ^In|wcoceeding 
northward  you  would  have  Cai'bonifei-ous  limestone 
and  Millstone  Grit  underneath  the^  New  Bed  Marl 
directly,  aa  I  shewed  in  the  ground  crossed  by  sectitm 
No,  8  yesterday. 

538.  In  prmonging  the  strike  of  the  Chamwood  See.  8,  FL  2. 
Forest  rocks  northward,  are  there  nowhere  Coal- 
ipeasuree  to  the  north-east  of  that  line  of  sti'tke  ?— 
No  Coal-meusures  are  known  north-east  of  that  line  of 
8ti;ike  till  you  come  to  the  Derbyshire  coalfield,  and 
the  sinking  at  Cliftou  on  the  banks  of  the  Titjnt, 
about  four  miles  south-west  of  Nottingham.  A  boring 
has  lately  been  made  at  Clifton,  of  which  I  can  get 
the.  detaols.  They  reached  Coal-measures,  which  are 
probably  a  continuation  of  part  of  the  Derbyshire 
coalfield  striking  easterly.  In  this  opinion  I  am 
confinned  by  Mr.  Woodhouse  and  Mr.  C^en.  North- 
west of  the  Cambrian  xotka  of  Chamwood  Forest,  the 
steata  rising  through  the  New  Bed  Marl  and  Lower 
Keuper  Sandstone  consist  of  Carboniferous  Limestone 
and  Millstone  Cirit  .as  far  as  the  country  three 
quarters  of  a  mite  south  of  Stanton-by-Bridge,  where 
a  small  patch  of  Coal-measures  appears  at  the  surface, 
brought  in  by  u  fault  against  the  western  boundary  of 
the  Millstone  Grit.  This  patch  is  directly  overlaid 
by  a  thin  stratum  of  Pennian  rocks,  which  are 
agaio  overlaid  by  the  Conglomerates  of  the  New  Red 
Sandstone.  A  description  of  this  patch,  and  of  the 
coalfield  generally,  was  written  by  Mr.  Hull,  who 
mapped  the  coalfield..  .  It  is  published  in  tiie  Memoirs 
of  die  Geological  Survey. 

539>  The  question  of  the  probable  prolongation 
eastward  of  the  lieicestershire  wd  Warwickshire  coal- 
field is  a  very  important  one.  You  assign  a  great 
thickness  to  the  Coal-measures  in  Warwickdiire  ? — 
About  3,000  feet. 

540.  What  is  the  thickness  in  Leicestershire? — 
About  3,000  feet  where  thickest. 

o-ll.  Then,  so  far  from  the  Coal-measures  indicating 
any  thinning  off  eastward,  showing  that  we  are 
approaching  the  edge  of  a  basin,  it  appears  from  the 
evidence  which  you  have  given  us  that,  taking  the 
Coal-measures  from  Shropshire  in  a  line  across  S£af- 
fordshire,  through  Warwickshire  and  Leicestershire, 
where  we  finally  lose  sight  of  them  under  the  newer 
rocks,  they  in  fact  attain  in  the  latter  districts  a 
greater  thickness  than  they  have  in  the  former.  Do 
^po  not  therefore  consider  it  probable  that  this  also 
1^  merely  a  portion  of  a  larger  ori^nal  coalfield,  the 
other  portion  of  which  did  exist  or  does  exist  in 
some  part  of  the  dislxiet  covered  by  the  newer  rocks 
to  the  eastward  of  Locestershire  ai^  Warwickshire  ? 
— The  thickness  of  the  Coalbrookdale  coalfield  has 
already  been  given.  The  thickness  of  the  north  .part 
of  the  South  Staffordshire  coalfield  in  Cannock  Chose 
is  unknown^  the  base  never  having  been  reached  in 
any  of  the  shafts  or  borings  wliich  have  heretofore 
been  made.  The  thickness  of  the  Warwickshire  coal- 
field, as  already  stated,  is  about  3,000  feet,  and  it 
lies  in  a  depression  in  the  older  Paheozoic  rocks  which 
.  in  the  southem  half  of  the  South  Staffordshire  coal- 
field probably  stood  up  as  rather  high  land  when 
the  Millstone  Grit  and  the  lower  part  of  the  Coal- 
measures  of  the  Warwickshire  coidfield  were  being 
deposited.  It  then  gradually  sank  at  interval^  and 
I  think  received  upon  it  the  upper  part  coitv  of  the 
Garbonifbroiis  series  whidi  in  SouIJl  StafiK»*dahir6 
is  rich  in  coals.  WhenI  cmneto  speak,  of  the  sections 
whidi  cross  the  Leicestershire  coalfield  stHue  further 
light  may  be  thrown  on  this  subject. 

542.  Is  there  any  indication  of  approaching  an  edge 
of  the  coal  basin  in  the  Warwick^iire  coalfield  ? — la 
the  Warwickshire  coalfield  there  is  no  direct  indica- 
tion of  any  aitproach  to  the  origizud  margin  of  the 
coalfield.  : 

543.  Does  the  same  obswvatiou  api^y  to  Leiceeter- 
shire  ? — In  a  much  less  d^ree. 

544.  Then  in  fiict  in  that  extended  series  of  eoal-meih 
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FUres,  extending  frcnn  west  to  east,  is  there  only  one  bed 
which  you  can  recognize  at  the  extreme  points,  that 
in  which  the  Spirorbis  carbonarius  occurs  in  the  upper 
part  of  the  Coal-measnres  ? — Only  the  Spirorbis  bed  in 
the  upper  part  of  ^e  Coal-measures  and  the  Millstone 
Grit  at  the  base.  Both  are  absent  in  Sonth  Stafibrd- 
shire. 

545.  I  will  now  describe  section  No.  9,  from  the 
Wrekin  across  the  Coalbrookdale  coalfield,  Permian 
Bocks,  and  the  New  Red  Series  to  the  South  Stafford- 
shire coalfield,  a  mile  and  a  half  south  of  Cannock. 
Where  the  Coal-measures  of  Coalbrookdale  puss  under 
the  Permian  strata  their  thickness  is  about  900  feet. 
These  j.'evmian  strata  dip  eastwards  underneath  the 
New  Red  Saodstone,  and  sometimes  faulted  againet 
it.  They  lie  uncouformably  on  the  Coat-measures, 
and  the  New  Red  Sandstone  lies  unconform- 
ably  on  the  Permian  strata.  On  the  west  side 
of  the  South  Staffordshire  coalfield  the  Permian 
strata  bound  the  Coal-measures  at  intervals,  and 
north  of  Wolverhampton  these  Permian  beds  brandi 
into  two,  being  separated  by  a  patch  of  New  Bed 
Sandstone.  The  most  easterhr  branch  mns  north, 
adjoining  the  coalfield,  to  within  he\{  a  mile  of  the 
section.  The  western  branch,  which  is  brought  to 
the  surface  by  a  fault,  an  upthrow  on  the  west,  is 
crossed  by  the  sectiou.  Where  the  section  enters  the 
Coal-measures,  the  Conglomerate  or  Pebble  beds  of 
the  New  Bed  Sandstone  is  faulted  against  them;  and 
as  the  New  Bed  Sandstone  Hes  uncouformably  upon 
the  Permiwi  rocks,  and  as  further  north,  between 
Cannock  and  the  north  end  of  the  coalfield,  the  Pebble 
beds  lie  directly  upon  Coal-measures,  it  is  believed 
that  the  Permiui  strata  have  been  partly  denuded, 
and  are  thinner  adjoining  the  South  Staffordshire 
coalfield  towards  its  noi^iem  end  than  tiiey  are 
fbrther  sonth  in  Sonth  Staffordshire,  and  also  on 
tiieir  western  outcrop  adjoinii^  Coalbrookdale. 
!Probably  H^y  lie  in  a  great  trough  underneath  the 
New  Bed  series.  Acwrdingly,  as  drawn  in  the 
section,  in  the  centre  of  the  trough  the  Permian 
(Strata  are  supposed  to  be  about  1,300  feet  thick. 
The  New  Bed  Sandstone,  consisting  of  Lower  Bed 
and  Mottled  Sandstone,  Pebble  beds,  and  Upper 
Bpd  and  Mottled  Sandstone,  is  about  1,000  feet  thick, 
and  the  Lower  Keuper  Sandstone  and  New  Bed 
Marl,  where  crossed  by  the  section,  are  about  900  feet 
thick.  If  Coal-measures  underlie  these  strata  between 
the  two  coalfields,  they  might  be  found  at  a  greatest 
depth  of  about  3,300  feet  from  the  surface,  rising 
nearer  the  sui-face  as  you  approach  the  Coalbrook- 
dale coalfield  on  the  west  and  the  Sonth  Staffin*d8hiie 
coalfield  on  the  east. 

£46.  With  regard  to  the  difl^rent  lines  of  sections 
which  you  have  drawn  from  the  Shropshire  coal- 
field to  Staffordf^ue  and  to  Warwickshire^  do 
you  consider  it  probable  that  the  coal  seams  them- 
selves are  continued  underground  underneath  the 
newer  beds  from  one  coalfield  to  the  other  ? — 
Between  Coalbrookdale  and  South  St^ordshire  I 
think  it  most  likely  that  the  Coal-measures  are 
continuous  underneath ;  but  I  by  no  means  wish 
to  commit  myself  to  it  as  an  absolute  certainty. 

547.  With  regard  to  the  coal  seams  themselves,  do 
you  consider  it  probable  that  the  seams  are  con- 
tinuous?— I  cannot  say  that  each  individual  seam 
would  he  continuous,  and  otherwise  the  existence 
of  seams  would  entirely  depend  on  whether  the 
larger  part  of  the  Coal-measares  lay  underneath  the 
l^ew  Red  and  Permian  strata,  or  whether  they  had 
been  seriously  dranuded  before  the  deposition  of  the 
Permian  beds ;  anA  it  is  impossible  to  do  more  than 
to  form  coi^ectures  on  such  a  point 

548.  You  expressed  an  opinion  that  the  Stafibrd- 
shire  coalfield  represented  an  upper  member  of  the 
Cosl-meaanres,  and  that  it  was  an  area  of  depression 
which  led  to  the  formation  of  those  Coal-measures 
subsequently  to  the  formation  of  the  lower  unproduc- 
tive Goal-measures  in  the  trough  of  tbe  Warwickshire 
coalfield  f—Yes. 

649.  Do  you  therefore  tbi^k  that  there  is  a  pro- 


babili^  of  tbe  same  lower  Coal-measures  existing 
between  the  Staffi)rdshire  coalfield  and  the  Coalbrook- 
dtAe  coalfield,  from  the  depression  between  those 
two  areas,  because  if  bo  it  would  give  a  madi  greater 
thickness  to  the  Coal-measures  underneath  the  newer 
rocks  than  either  in  the  Staflfordshire  or  the  Shn^ 
shire  co^Lfteld  itself?—!  think  that  it  is  poe^e,  in 
the  area  which  lies  between  the  north  ends  of  the 
South  Staffordshire  and  Coalbrookdale  coalfields ;  but 
I  think  that  it  is  very  improbable  that  such  would  be 
the  case  towards  the  southern  end  of  the  Coalbrook- 
dale coalfield  and  the  South  Staffordshire  coalfield, 
as  far  as  the  latitude,  say,  of  Wolverhampton. 

550.  Taking  all  those  points  into  consideration,  and 
looking  at  the  possibility  of  there  being  a  greater 
thickness  of  Coal-measures  in  those  intermediate  areas, 
and  also  to  the  possible'  lesser  denudation  under- 
neath the  Pennian  rocks,  do  you  not  tiiink  it  very 
probable  that  some  considerable  ^tent  of  Coai- 
measures  still  exists  under  the  newer  rocks  between 
those  coalfields? — I  think  that  it  is  probably  but 
not  certain,  far  the  whole  distance.   Hie  next  section 
to  be  described  is  No.  10,  across  the  north  part  of  Seen, 
the  Warwickshire  coalfield,  and  through  the  Laces-  H  ^ 
tershire  coalfield,  and  the  southern  part  of  the  Derby- 
shire coalfields,  BO  as  to  show  the  probable  relations 
of  these  coalfields  underground.    The  section  begins 
on  Bodymoor  Heath  on  the  western  boundary  of  the 
Warwickshire  coalfield,  about  a  mile  and  a  half  south 
of  Dost  Hill,  and  it  may  be  considered  as  a  continuation 
of  section  No.  6  which  it  joins  in  the  valley  of  the  Tame  Scc^Z 
near  Kingsbury.    I  have  shown  in  section  No.  6  that 
the  Coal-measures  probably  underlie  the  New  Red 
strata  on  the  west  side  of  the  fault  which  bounds  the 
Warwickshire  coalfield,  and  therefore  it  is  probable 
that  the  same  Coal-measure  strata  underlie  tJie  New 
Red  beds  where  crossed  by  sectiim  No.  10.  But 
east  of  the  fault,  near  Cliff  Hall  and  E^ngsbniy  (see 
map),  all  the  workable  coal  beds  of  the  Warwick- 
shire coalfield  dip  easterly  at  an  angle  of  about  45 
degrees,  and  immediately  afterwardB  they  flattcai,  and 
beneath  the  topmost  bed  are  about  450  feet  from  the 
surface,  and  the  lowest  about  900  feet  running 
underground  as   far  as   the   fault  which  boan£ 
the  Coal-measures  on  the  north-east  at  Shuttington. 
The  Lower  Keuper  Sandstone  is  here  faulted  against 
the  Coal-measures,  having'a  thickness  of  about  200  feet. 
Beneath  that  the  Pebble  beds  will  probably  be  found, 
with  a  thi(^ness  of  about  250  feet    In  the  neigh- 
bourhood at  Callas  a  patch  of  Permian  strata  is 
faulted  against  the  Co^-measures,  and  it  is  there- 
fore safest  to  consider  that  these  Permian  beds  may 
be  found  underneath  the  New  Bed  Series  where 
crossed  by  the  section.   The  occurrence  and  thick- 
ness of  the  Permian  beds  north  of  Shattington  is 
veiy  obscure,  the  ground  being  mnch  troubled  by 
faults  ;  but  I  have  roughly  estimated  it  at  400  feet. 
I^believe  that  Coal-measures  would  be  found  below, 
probably  containing  the  workable  coals  of  the  ad- 
joining coalfield,  and  I  think  that  it  is  probable 
that  l^ese  Coal-measures  are  joined  underground  to 
the  Coal-measures  of  the  licicestershire  coalfield. 
Where  the  Leicestershire  coal  field  crops  out  to  tbe 
surface  at  Donisthorpe,  it  is  overlaid  directly  by  the 
conglomerates  of  the  New  Bed  Sandstone,  which  here 
are  only  about  70  feet  thick,  and  therefore  it  is  evideat 
that  the  Permian  beds,  if  continuous  and  not  merely 
in  patches,  which  is  possible,  must  thin  out  some- 
where between  the  Warwickshire  coalfield,  and  the 
Leicestershire  coalfield.    At  SiUtersford,  near  tbe 
bridge,  a  boring  was  made  through  the  New  Red 
Conglomerate,  and  at  a  depth  of  about  360  feet  a  bed 
of  coal  was  found  1 1  feet  thick,  supposed  to  be  tbe 
main  coal  of  Moira.   Five  other  beds  of  coal  underlie 
the  main  coal  of  Moira  elsewhere  the  lowest  of  which 
is  about  200  feet  below  the  main  coal ;  and  these  clr* 
cumstances  seem  to  me  to  render  it  probable  that  the 
chief  mass  of  the  Coal-measures  is  continued  further 
to  the  south,  where  crossed  by  the  section.  The 
Pennian  strata,  exceedingly  thin,  here  and  there 
lie  nnconfcHinably  on  the   Coal-measures  beneath 
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the  New  Bed  Sandstone  wUch  Borronnds  tiw  Leices- 
tershire coalfield^  wd  one  (v  two  patches  of  these 
Permian  beds  Ue  in  the  centre  of  the  coiUfield, 

associated  with  the  pebble  beds  of  the  New  Red 
Sandstone.  The  patches  of  the  New  Red  Sand- 
stone in  the  centre  of  the  coalfield  shew  that 
it  WHS  once  entirely  concealed  by  New  Bed  Sand- 
stooe  strata,  and  tltat  it  has  sjDce  been  exposed 
by  denudation.  Where  crossed  by  the  section  on 
the  north-east  margin  of  the  coaliield,  the  base  of 
Uie  Coal-measures  is  thrown  down  on  the  south-west, 
against  the  base  of  the  Millstone  Grit;  and  imme< 
diately  to  the  north  at  Ticknall  the  Cwboniferons 
Limestone  rises  in  a  small  boss.  A  little  nortii 
of  the  quarries  the  Limestone  is  again  orerliUd  1^ 
the  Millstone  Grit,  which  dips  nortbiBrly  nndenieath 
the  New  Bed  Series.  The  Millstone  Grit  is  here 
aboat  400  feet  thick,  and  the  New  Red  beds  perhaps 
abont  500  feet  underneath  Chelloston  Hill.  As 
the  MiUstone  Grit  forms  the  mass  of  the  country  all 
the  way  from  the  coalfield  to  the  river  Trent  near 
Stanton,  and  as  the  Millstone  Grit  also  appears  at  the 
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snrface  near  Dale,  about  six  miles  nin-tii-east  of 
Derl^,  and  as  the  MiUstoue  Grit  uid  Yoredale  rocks 
on  the  western  ontcrop  of  the  Derbyshire  coalfidd 
b^in  to  cui-ve  raund  to  the  eaatwaru  with  a  south-  J"**  IS*** 
easterly  strike,  it  eeenis  to  me  probable  that  the 
larger  part  of  the  country  crossed  by  the  section 
between  the  river  Trent  and  the  Derwent,  and  the 
chief  part  of  the  ground  further  north  beneatli  the 
New  Red  Marl  and  New  Red  Sandstone,  will  conrist 
of  Millstone  Grit,  without  the  interveutior.  'if  Con) 
measures,  approximately  in  the  nuuinei  shown  m  the 
section.  This  is  done  on  the  view  that  Che  Derby- 
shire coalfield  has  Millstone  Grit  underlying  it, 
dipping  northerly  under  the  alluvial  flats  of  Uio Trent 
and  mb  Derwenl^  oad  probably  aftei'ivai'ds  cnrrmg 
ronnd  and  striking  nor^ward  underneath  thj  New 
Bed  Suidstrae  and  Permian  beds  ncnth  of  the  Trent. 
Under  these  cirenmstancea  the  Millstone  Grit  may 
dip  westerly  at  some  point,  or  other  beneath  the  Mag> 
nesion  Limestone  and  New  Red  Sandstone  in  Notting- 
hamshire, at  an  unknown  distance  east  of  the  western 
outcrops  of  the  Permian  and  New  Red  strata. 


Acyoomed  to  Monday  next  at  1  o'clock. 


D.--13£A  Meetimgt  Mondayt  i2nd  June  1868. 

'Present:  Sir  Roderick  Muschibok  (in  the  chair); 
2.  Mr.  Dickinson  ;  3.  Mb.  Geddes  :  4.  Mb.  Pbestwich  ;  5.  Professor  Baicsat. 

The  Earl  Ducie,  Mr.  Best,  Mr.  Hu^n,  -were  also  present. 

1.  The  Secretary  reported  that,  in.  accordance  with  the  desire  of  the  Committee,  and  after  their 
meeting  on  Saturday,  he  had  sent  out  the  following  circnlar  and  a  test  letter,  which  was  delivered 
to  him  on  Saturday  night.  The  chairman  of  the  Commission  also  received  his  notice  on  Saturday, 
and  he  viuted  the  theatre  at  hidf-past  eleven  on  Monday  morning,  where  he  sav  Vrofeaaor  Ramsay; 
but  he  was  unable  to  attend  the  meeting  at  one,  in  (xtnsequenoe  of  previoos  engagements. 

(Circular.) 

Coal  Commission,  Conunittee  Room, 
SiK,  House  of  Lords,  June  20th,  1868. 

In  order  to  get  the  whole  of  Professor  Ramsay's  evidence  taken  down  and  printed,  meetings  of  Com- 
mittee D.  will  be  held  at  the  Museum  in  Jennyn  Street  at  one  on  Monday  and  Tuesday  next,  22ud  and  23rd. 

About  160  yards  of  geological  sections,  drawn  to  a  true  scale,  intended  to  connect  coalfields  which  are 
separated  at  the  surface  by  younger  rocks,  will  form  the  sut^ect  o£  the  evidence,  and  they  will  bo  exhibited 
in  the  theatre  of  the  Museum  for  about  a  week. 

The  evidence,  when  printed  and  revised  by  the  author,  will  be  sent  to  you,  but  your  presence  will  enable 
yon  to  ask  any  questions  which  may  occur  to  yon ;  and  it  is  desin^le  ^t  all  the  members  of  the  Commission 
shwld  have  an  opportunity  of  seeing  the  won  which  has  been  done.  I  am,  thei-efore,  directed  to  give  yon 
that  oppwtunity. 

lam, 

Tour  obedient  Swant, 

J.  F.  CAHPBBX.L, 

Secretary. 

Jfioie. — 1^  to  4  p.m.   Letters  roistered  and  sent  oat  from  1,008  to  1,048  ;  of  this  kind,  16. 

2,  The  Committee  then  continued  taking  the  evidence  of  Frotessor  Bamsay. 


Professor  Andrew  Ckokbib  Rahsat,  a  Member  of  the  Commission,  further  examined. 

SSI.  (Chairman,)  Will  you  now  proceed  with  your 
explanation  of  the  nu^M  and  sections? — Tou  will 
remember  that  I  described  the  Warwickdiire  coalfield 
as  a  basin,  die  sides  of  the  baun  being,  in  a  great 
raeasore,  cut  by  faults.  Tlie  arrangement  m  the 
strata  a^oining  the  north-east  fault 'between  Fazeley 
Mid  Seckington,  and  the  north-west  and  8on&-eaat 
&ult,  between  the  neighbourhoods  of  Shuttington  and 
Nuneaton,  where  the  Coal-measures  crop  up  on  the 
east,  helps  to  show  the  {nvbability  of  the  secondaiy 
strata  between  the  Warwickshire  and  Leicestershire 
coalfields  being  nndearlaid  by  Coal-measures.  On  the 
west  of  the  Warwickshire  coalfield  the  wiMrkable  beds 
in  the  Coal-measures  dip  easterly,  and  soon 
flatten  (see  sec.  ia>;  and  on  the  east  aide  of  the  eoal- 
18498.     TwuH.  3 


the  same  beds  of  coal  crop  to  the  east,  and  dip 
weMwards  (Noe.  6  and  8.) ;  then  &nlt8  brhog  in  the  g^e, «  n  ]. 
Fennian  and  New  Bed  strata  abutting  on  the  upturned  Sec  8^  Fli  s! 
edges  of  die  Cdal-measures.  The  fiut  that  this  cui-ve 
indicates  a  basin,  the  sides  of  which  have  been  portly 
cut  off  in  this  manner,  to  my  mii^  helps  to  prove 
that  where  it  has  been  cut  off,  and  the  New  Red 
strata  abut  upon  the  fimlt,  the  eastern  side  of  tho 
bottom  unproductive  part  of  the  Coal-measure  basin 
would  be  found  underneath  the  New  Red  strata, 
cropping  up  under  ground.  Then  there  may  be  a 
certain  area  eastward  with  unproductive  C<Ml-meft- 
sures,  before  a  reversal  of  dip  brings  in  ikat  conti- 
nuation of  the  Leicestershire  coalfield,  underneath  this 
New  Bed  Sandstone  and  Marl  area.    These  coals 
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PVe^  ^  C.  ^  known  to  exist  underneath  the  Keuper  iSandstone 
■Ba'iMoy.  *  by  actual  shafts.  Permian  beds  of  varying  but  minor 
  thickness  maj  sometimes  be  present.    Since  we  sepo- 

ss  June  18A8.  rated  on  Saturday^  I  have  had  a  section  prepared, 
which  helps  to  illustrate  this  view.    Here  we  have 

See.  6,  PI.  1.  the  baoui,  or  part  of  it,  in  section  No.  6 ;  only  a  small 
portion  of  the  eastern  part  being  cut  off ;  and  on  the 
eastern  side  of  the  fimlt,  wfaidh  bounds  the  Warwick- 
shire coalfield,  I  oMiceive  that  the  Coal-measures, 
partly  unproductive,  extend  underneath  these  Now 

Sec.  8  &  sa.     Bed  beds.    In  the  new  secti<m  8a,  which  joins  Na  8 

PI.  S.  at  the  point  marked  with  the  crQ89,produetiTe  Co^- 

laeasures  beneath  the  New  Red  Marl  have  been 
actually  sunk  to.  The  Coal-measures  further  east  in 
this  section  8a  lie  directly  on  the  Cambrian  beds  of 
Oharnwood  Forest,  without  the  intervention  of  the 
Uouutain  Limestone.  At  the  point  marked  x  the 
section  No.  8  branches  into  two,  and  this  new  portion 
8a  firom  GopsalPark  through  Nailstone  to  Oharnwood 
Forest,  and  over  the  Granite  of  Mount  Sorrel,  re- 
presents the  arrangement  of,  the  strata  a  few  miles 
further  south  than  the  strata  shown  in  No.  8,  between 
Gopsali  Park  and  Oharnwood  Forest  near  Whitwick. 
In  8a  the  same  general  turangement  of  the  strata 
^vails,  and  coal  occurs  underneath  the  New  Red 
Sandstone  at  Bagworth  and  its  neighbourhood,  where 
a  shaft  was  many  years  ago  sunk,  and  where-  the  coal 
beds  of  the  Leicestershire  country  are  known  to  exist 
in  the  plains  that  He  to  the  south-west  of  the  hills  of 
Oharnwood  Forest, 

552.  {Mr.  IVestwick.)  What  reasons  have  you  for 
supposing  that  the  Warwickshire  coalfield  is  in  a 
b^n,  separate  from  that  of  the  Leicesterehire  coal- 
field ? — Because  it  crops  up  to  the  east,  and  you  get 
the  Millstone  Grit  underneath  near  Nuneaton. 

553.  I  thought  you  said  it  was  cut  off  by  a  fault  ? — 
So  it  is  ;  but  the  Millstone  Chit  is  also  out  off  by  the 
fault,  and.abuts  with  a  western  4ip against  the  Seotwd- 
ary  sti-ata. 

554.  You  think  that  that  is  more  ]m>bable  than 
that  the  coalfields  were  continuous  ?— I  think'  they 
were  original^  contiaaous,  but  I  thmk  ttiey  have  been 
cut  up  by  undulations  and  denndation ;  and  this  is  one 
of  them  (pointinff  to  the  map). 

555.  You  think  that  they  were  originally  con- 
tinuous ? — I  have  no  hesitation  in  saying  that  the 
Ooalbrook  Dale,  the  Forest  of  Wyre,  the  Warwick- 
shire, the  Leicestershire,  the  Derbyshire,  the  North- 
nmberland  and  Durham,  the  North  Staffordshire,  the 
Lancashfa^,  and  the  North  Wales  coalfields,  were  all 
originally  continuous,  but  they  have  been  separated 
dnce  by  disturbances  of  the  strata,  tjirowing  them 
into  anticlinal  and  synclinal  curves ;  and,  denudations 
snpo^ening,  they  are  now  separated  more  or  less 
frran  one  another. 

556.  Can  az^  of  the  seams  of  the  Warwickshire 
coalfield  be  correlated  with  those  of  the  Leicestershire 
coalfield  ? — Not  to  my  knowledge.  '  Li  the  Leicester- 
shire coalfield,  which  is  divided  into  two  parts,  there 
is  the  extremeet  di^cnlty  in  correlating  the  eastwn 
with  the  western  part  of  the  coalfield.  This  used 
to  be  very  much  insisted  upon  by  the  late  Mr.  Cole- 
man, of  Ashby-de-larZoach,  who  was  well  veiled  in 
that  coalfield,  and  it  has  been  also  alluded  to  and 
described  more  or  less  in  Mr.  Hull's  memoir, 
descriptive  of  the  Leicestershire  coalfield. 

557.  (Mr.  Geddes.)  Does  the  difficulty  arise  from 
the  sumW  of  seams  of  coal,  or  what  is  the  difllcnlty  ? 
-—The  difficulty  arises  from  tlte  seams  Mid-  the  strata 
between  them  not  having-  the  same  charact^  in  the 
dllbrent  areas. 

558.  {Mr.  Bickhiiim.)  When  you  say  that  they 
may  have  been  probably  orginally  one  coalfield,  do 
Toa  conridop  tiiat  the  stmctnre  of  many  of  those  ooals 
•is  very  difiRnrant  in  easeh  of  those  difi^nrcBt  wudfields  ? 
— The  time  when  they  were  one  coalfield  was  before 
ib»  deposition  probably  of  the  Permian  strata,  luid  cer- 
tainly before  the  deposition  of  any  of  tiie  beds  of  the 
-New Bed  series.  Sinoetiiedepoeition  ef  the  New  Red 
>  strata  comrnsnced  th«*e  has  been  ample  time  for  oofds 
■«f  the  saKie  ag»-to  asstmie  vwj  different  eharaoters. 

559.  IXd  you  hear  the  account  Mr.  Grove  gave 
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in  his  address  before  the  Bi^tish  Associatian  last 
year,  in  which  he  seie  it  forth  as  not  itnfH'obabte 
that  this  planet  wi^  simply  a  disinl^rated  portion 
of  a  very  much  larger  mass  ? — ^Yes ;  I  heard  tb^ 
but  I  do  not  see  what  that'  has  to  do  with  ihii 
question. 

560.  If  »  disumting  of  differrat  pUoeta  took  plaoe, 
what  is  oallisd  the  marine  denudation  miglU  be  in 
that  way  oecaeioued  ? — 1  think  not ;  bnt  I  am  one  of 
Uioee  geologists  who  T$tAj'  enter  into  questiuis  ef 
.mere  cosmogony ;  and  when  a  subject  6tt<^  as  this  is 
brought  before  practical  men  for. a  purely  practical 
object,  I  shedi  steadily  refuse  to  discuss  theories  not 
bearing  upon  it. 

561.  Still,  in  connecting  all  those  coalfields  wbicb 
are  so  widely  separated,  without  any  connection  being 
traceable  either  on  map  or  on  the  ground,  are  you  not 
going  quite  as  far  as  that  view  wldds  you  dqirecaie  7 
—No. 

562.  Notfiuehortofit?— AninfinitediBtanoeskoit 

of  it. 

563.  (  Chairtman,)  WiU  you  go  on  with  ^our  state- 
ment?— go  next  to  section  No.  1 1.  That  is  a  section  <- 
that  nms  from  south  to  north  aiunss  the  LeiceetershireFLi 
coalfield.  There  is  not  much  of  importance  to  say 
about  it.  Over  the  greater  part  of  the  area  the  Coil- 
measures -are  exposed  at  the  surface,  and  on  the  Booth 
they  are  overlaid  by  a  thin  stratum  of  Permian  rock 
about  100  feet  thick,  that  underlies  the  Lower  Keuper 

-Sandstone  croSsed-Jay  the  section  under  Swepstone 
Church,  where  the  Keuper  Sandstone  attains  a  thick- 
ness of  about  170  feet.  The  coalbeds  crop  up  on  the 
south,  as  far  as  can  be  inferred,  agunst  the  base  of 
the  Permian  rock,  so  that,  as  far  as  llie  section 
shows,  there  is  a  gentle  undulation  in  this  direction ; 
but  that  does  not  interfere  with  the  occurrence  of 
Carboniferous  strata  still  fur^er  south-east.  Thfij 
are  known  M  Heather  and  also  at  Bagworth.  Then 
must,  tiberefore,  be  underneath  these  strata  an  -sn^ 
clinal  curve  throwing  ihe  coal  beds  in  again  to  the 
south-east,  nndeiiieaui  the  Secondary  Strata.  On 
Ae  nortJi .  the  sectiftti  ^  is  bounded  by  a  ftult  irifid 
tlffoWB  the  Lower  Keuper  Sandstone  against  a  low 
part  of  the  Coal-measures.  Beneath  the  Lower 
Keuper  Sandstone  occurs  the  Conglomerate  of  the 
New  Red  Sandstone,  about  100  feet  thick.  Hie 
Lower  Keuper  Sandstone  is  itisetf  about  100  feet  thick, 
and  where  crossed  by  the  section  the  New.  Red  Hnl 
ov^Iies  the  Lower  Keuper  Sandstone  to  a  depth  of 
about  90  feet.  Underneath  these  Secondary  strata  pro- 
bably there  are  certain  beds  of  Coal-measures,  most 
likely  belonging  to  the  lower  unproductive  beds; 
and  immediately  to  the  north,  I  believe,  there  will 
succeed  Millstone  Grit  beds,  and  between  the  rim 
Trent  imd  Derbyshire  to  the  north  ike  New  Red  Uvl 
most  likely  is  entirely  underlaid  by  Millstone  Grit, 
Yoredale  rocks,  and  Carboniferous  Limestone,  ail 
underlying  any  workable  beds  of  coaL  These  IfiU* 
stone  Grits  and  Yoredale  rocks  separate  the  Derbj- 
shire  from  the  Leicestershire  coalfi^d.  • 

564.  {Chairman.)  What  is  the  extent  of  thesr* 
in  the  region  now  under  consideration,  in  square  milea, 
where  the  new  Red  Suidstone  covers  at  once  Millstone 
Grit  or  lower  unproductive  Carboniferous  rocks,  in 
your  opini(Mi? — I  have  not  attempted  to  m«asnre  it,  sod 
at  best  the  measurement  would  be  merely  a  rude 
approximation,  but  It  would  be  very  ea0ily«seertained 
approximately,  and  I  will  take  means  to'asodrtain  itfo 
^e  best  of  my  knowledge. 

665.  {Mr.  Pre$twiek).  Have  any  sinkings  ben 
made  between  the  Leioesterflhire  and  DertrTsbire  coil- 
fields  on  the  line  of  the  supposed  tudo^gniniid  li^ 
of  older  rooks? — I  really  camiot  answer  the  qaesti<^ 
Itis  BO  long  since  I  wwked  in  Uurt  oonutry  thst  1 

'  have  fwgotten  wok  details.  '■'    -  ' 

566.  Yon  know  of  none  ?— No.  There  is  a'^ist  of 
abortive  sinkings,  in  Mr.  HtilPs  M«nbir,  itkick  td^} 
perhaps  throw  some  light  upon  the  snbjeet;  bnt  I  ^ 
not  know  whether  it  refers  to  ^at  particldsr  arss,  of 
goes  east  and  sooth.    I  have  not  lately  readj  - 

-  667.  Then,  although  yoa  pitesAme  tfiat  the  If* 
ceatwshire  coalfield  is  eepanted-floM  fibe  Daityibin 


Digitized  by 


Google 


13. 


3. 


ON  THB  PEOBABIXITT  OF  FINDING  COAL  UNDBB  THE  PERMIAII,  HEW  BED  475 
•SANDSTONE,  AND  OTHBU  STJPBRINOTTMBBNT  STRATA. 

The  section  which  Ulastrates  that  is  No.  13,  running; 
acro!)s  the  South  Stafibi-dahire  coalfield  from  south 
to  north,  and  the  Red  Marl  and  Rhoetic  beds  of 
Bagots  Park  to  the  CarboniferooB  Limestone  of  the 
W  eaver  Hills.  This  eeotion  rune  from  the  Permian 
Rocks  of  the  dent  HiUs  that  overlie  the  southern 
unproductive  Coal-measures  of  the  South  Staffordshire 
coalfield.  These  Permian  rocks  are  there  about  a 
thousand  eet  thick.  Passii^  northwards,  yon 
reach  die  produetire  Coal-measures.  The  section 
then  passes  over  the  Silurian  rodts  of  Budlejr,  and 
from  thence  the  CoaUmeasnres  are  otmtmiions  all 
the  way  to  the  northern  end  of  the  coalfield,  where 
they  are  oveilaid  unconibrmably  by  the  Conglomerate 
or  Pebble  beds  of  the  New  Red  Sandstone.  It  is 
unnecessary  for  me  to  enter  upon  the  dctwled  structure 
of  the  coalfield,  which  will  he  found  in  the  memoir  by 
Mr.  Jukes  in  the  Memoirs  of  the  Greological  Survey, 
aa  far  as  it  was  known  at  the  date  of  the  publication 
of  the  second  edition.  The  question  we  have  now  to 
consider  is,  the  probable  arrangement  of  the  rocks 
beneath  the  New  Red  Sandstone  and  Marl  in  a  line 
directly  nortli  of  the  northernmost  exposed  portion 
of  the  South  Staffordshire  coalfield.  If  you  examine 
the  section  you  will  find  the  New  Red  Sandstone 
lying  directly  upon  the  Coal-measares,  withoat  the 
intervention  of  ue  Permian  strata.  East  of  this 
section  the  Pennian  strata,  which  here  and  there 
show  themselves  adjoining  the  Leieestershire  coal- 
field, are  exceedingly  thin  and  very  inconstant. 
Adjoining  the  North  Staffordshire  coalfield  the 
Permian  strata  are  ^so  thinner  than  they  are  on 
the  borders  of  the  South  Staffordshire  coalfield.  By- 
nnd-by  I  will  show  you  the  thickness  of  the  Per- 
mian strata  adjoining  the  North  Staffordshire  coalfield, 
when  we  come  to  describe  the  sections  that  cross  it. 
Under  these  circumstances,  viz.,  the  thinning  of 
these  Permian  strata  eastward  towards  Leicest^- 
shire,  and  their  disappearance  southward  at  the  north 
end  of  the  South  Staffordshire  coalfield,  it  has  been 
considered  by  Mr.  Jukes,  Mr.  Howell,  and  myself 
that  they  are  probably  absent  on  this  line  of  section, 
or,  if  present  at  all,  only  in  such  small  force  that 
their  presence  will  be  immaterial  to  the  main  point  at 
issne.  Where  the  New  Bed  strata  crop  out  on  the 
north  a  few  miles  east  of  Cheadle,  they  are  foand  to 
lie  quite  unconformable  upon  the  Miltstone  Grit.  By 
a  reference  to  the  published  geological  maps,  it  will  be 
found  that  these  Millstone  Giit  and  Yoredale  rocks 
extend  east  and  west  of  the  line  of  section  till  they 
dip  underneath  the  North  Staffordshire  coalfield  on 
the  west  and  the  Derbyshire  coalfield  on  the  east ;  and 
further,  that  the  Millstone  Grits  bound  the  Leicester- 
shire coalfield  upon  the  north.  Under  these  circum- 
stances, it  seems  to  mo  probable  that  the  top  of  the 
Leicestershire  Millstone  Grit  joins  that  of  North 
Staffordshire,  under  the  New  Red  strata^  along  a 
north-west  line,  approximately  by  Tatbury  and  the 
ground  between  Uttoxeter  and  Bocester,  and  so  on  to 
Oakmoor.  Where  th^  beds  crop  to  the  surface 
north  of  the  New  Bed  Sandstone  series  of  Nca^h 
St^ordshire  and  Derbyshire  they  dip  southerly,  and 
by-and-by  the  Coal-measures  will  be  let  in  underneath 
the  New  Red  strata,  and  the  Coal-measures  of  the 
South  Staffordshire  coalfield,  where  they  rise  to  the 
surface,  form  a  portion  of  this  partially  concealed  coal- 
field. In  the  section,  as  shown  in  No.  13,  you  will 
better  understand  my  meaning.  Hero  on  the  north 
the  Carboniferons  Limestone  rises  to  the  surface,  with 
the  Yoredale  rocks  faulted  against  it.  These  Yoredale 
rocks  are  overlaid  by  the  Millstone  QtH.  The  Mill- 
stone Grit  will  pass,  in  my  opinion,  underneath  the 
New  Bed  Sandstone  as  shown  upon'  the  section ; 
and  somewhere  or  other  (I  wmnot  say  where)  as  4he 
Millstone  Qrit  dips  sout^,  the  Coal'-nieasures  -  innst 
set  in  above  becanse  th^  are  S9en  at  the  northern  end 
of  the  South  Staffi)rdsMre  coalfield.  Here  we  have  the 
Coal-measures  of  Sooth  Staffordshire  rising  to  "the  sbt- 
fiace,  and  seen  and  known  to  pass  underneath  the  New 
Bed  Sandstone  strata.  By-and-by,a!iont20milesfurther 
north,  the  MiHstone  Grit  crops  out  fVoia  nndoneath 


eoaMeld  by  this  strike  of  older  roCks,  you  have 
reason  to  believe  that  the  same  strike  cairies  the 
Leicester  coalfield  underneath  the  New  Bed  strata  in 
a  south-easterly  direction. — I  think  that  follows.  I 
will  come  to  that  when  I  describe  another  section. 
I  will  now  proceed  to  No.  12.  That  is  a  section  from 
the  Trent  throogh  Goleorton  coalfield  to  Bardon  Hill, 
from  north-west  to  south-east.  Towards  the  north- 
west end,  the  Carbcmiferous  Limestone  rises  to 
within  £0  feet  of  the  sorfbc^  and  this  is  known 
W  the  ftct  of  the  limastone  cropping  out  in  a  boss 
close  to  tilie  line  of  seetim.  It  is  overlaid  by  Mill- 
etime  Grit,  which  attains  a  thickness  of  about  850 
feet.  After  that  it  is  succeeded  by  the  Coal-measures 
of  the  north-eastern  portion  of  the  Leicestershire  coal 
field.  The  details  of  these  Coal  Measures  I  need  not 
describe,  as  they  have  been  already  published  in 
maps,  in  this  section,  and  in  the  Memoir  by  Mr. 
Hull.  At  the  south-east  end  of  the  section  they 
are  overlaid  by  the  Ixjwer  Keuper  Sandstone  and 
New  Red  Mar),  as  fur  to  the  south-cast  as  Bardon 
Hill,  where  the  Coal  Measures  have  been  thrown  down 
on  the  north-west  by  a  fault ;  which  fault,  however, 
does  not  pjiss  through  the  New  Red  Marl,  that  is  to 
'  say,  it  is  a  fault  of  older  date  than  the  deposition  of 
the  New  Bed  Marl.  At  this  point  we  believe  that 
the  Cfml-measnres  will  be  fbund  at  a  depth  of  about 
350  feet  from  the  snrfac^  containing  probably  aQ  the 
ordinary  workable  beds  of  coal  known  in  that  portion 
of  the  Leicestershire  coalfield  which  lies  northward 
of  Bardon  Hill.  Bardon  Hill  consists  of  igneous  rock, 
belonging  to  the  Cambrian  series  of  Chamwood 
Forest,  and  therefore  it  will  not  have  any  injurious 
effect  upon  the  coals  that  may  happen  to  crop  up 
against  it.  That  is  all  I  have  to  say  about  this  short 
section. 

568.  What  is  the  maximum  thickness  of  the  Coal- 
measnres  in  the  Leicestershire  coalfield? — Th^  ore 
rather  various,  I  suspect ;  but  perhaps  the  outside 
thickness  would  be  about  3,000  feet. 

569.  Do  you  find  that,  like  as  in  the  Warwickshire 
coalfield  it  is  the  upper  p<»lion  of  that  field  which 
contains  the  most  productive  mines  of  coal  ? — Yes;  it 
is  the  uppezmost  half^  so  far  as  we  know;  and,  like  the 
Worwiwshire  coalfl^d,  the  Millstone  Grit  Is  present 
underneath.  But  fhrther  south  I  should  expect  that 
the  Cambrian  Rocks  might  be  found  underneath 
the  Coal-measures,  without  the  intervention  of  the 
Millstone  Grit  and  Carboniferous  Limestone. 

570.  Is  there  at  the  base  of  this  coalfield  any  great 
mass  of  unproductive  shales,  without  any  coals  at  all, 
like  those  of  Warwickshire? — ^Yes;  in  places  there  is 
a  quantity  of  unproductive  ground  at  the  base. 

571.  {Mr.  Dickinson.)  What  is  your  opinion  as  to 
the  probability  of  the  coal  cropping  up'  again  on  the 
east  side  of  Charnwood  Forest? — bdieve  that 
probably  there  are  only  Cambrian  and  granitic  rocks 
there. 

572.  Do  yon  base  that  opinion  npon  the  evidence 
that  is  to  bo  obtained  from  tfie  boring  which  was  made 
on  the  east  coast  ? — ^No,  certmnly  not.  I  base  it  up<ni 
a  consideration  of  the  arrangement  of  these  rocks  in 

this  district. 

573.  The  bore-hole  at  Harwich  would  bear  out  the 
view  you  have  expressed,  would  it  not  ? — If  no  bore- 
hole had  ever  been  put  down  there,  it  would  havo  made 
no  difference  in  my  view  of  the  subject.  The  next  sub- 
ject, and  perhaps  the  most  importiuit  part  of  the  whole, 
which  I  propose  to  enter  upon,  is  the  probabilities  of 
Carboniferous  rocks,  and  especially  Coal-measures, 
underljing  the  area  between  the  Shropshire  coalfield 
and  the  Lancashire  coalfields  from  south  to  north,  and 
the  North  Wales  coalfield  and  the  Lancashire  and  North 
Staffbixlshire  coalfields  from  west  to  east ;  and  also  the 
probability  (it  Is  partly  connected  with  that  subject) 
of  the  Coal-measures  to  a  Certain  extend  miderlying 
the  Secondary  strata  between  the  north  end  of  the 
South  StafiRnilsMrc  coalfield  and  the  Carbonifbroos 
Limestone  of  Derbyshire.  If  the  Committee  have  no 
objection,  1  think  it  will  be  best  if  I  begin  with  the 
portion  b«tween  Sonth  Stafibrdshlre  and  Derbyshire. 


D  63 

Prof.  A,  C. 
Itamaay. 

22  Jase  1668. 
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4iJ6     ON  THE  PROBABILITY  OF  FINDING  COAL  UNDER  THE  PERMIAN,  NEW  RED 
SANDSTONE,  AND  OTHER  SUPERINCUMBENT  STRATA. 


the  New  Bed  Sandatone;  and  at  aome  spot  between 
that  outcrop  of  HUlstone  Grit,  and  the  appeaniace 
of  the  Coal-measnres  on  the  surface  io  South 
28  Jmw  18««.  Stafibidshire,  a  boundary  line  must  exist  between  the 
topmost  beds  of  Millstone  Grit  and  the  lowest  beds 
of  theCoBl-roeasures.  Where  that  line  lies  it  is  im- 
possible to  say  ;  but,  judging  by  the  general  strikes  of 
the  country,  I  should  think  it  would  be  a  considerable 
distance  to  the  northward  of  Bagots  Park,  If  this 
view  be  correct,  underneath  the  Rboetic  beds  of  Bagots 
Park,  tbo  Coal-measnrefl  might  be  found  at  a  depth  of 
about  1,500  feet.  The  Rheetic  beds,  formerly  known 
as  the  White  Lias,  is  100  feet  thick,  the  New  Bed 
Marl  is  about  450  feet,  the  Lower  Keuper  Sandstone 
is  350  feet  thick,  and  the  Pebble  beds  of  the  New 
Bed  Sandatone  500  feet  thick,  and  then  probably  you 
would  come  to  the  Coal-measures. 

The  ChatTTHon  stated  that  ho  was  obliged  to  leave 
to  attend  a  meeting  of  the  Royal  Geographical  Society, 
and  requested  Mr.  Prcstwich,  as  not  having  been  con- 
nected with  tlio  Geok^ical  Survey,  to  take  his  phwe. 

Ma  PRESTWICH  took  the  chair. 

574.  {Mr.  DickiTison.)  With  reference  to  this  sup-, 
posed  connection  which  you  have  been  describing 
between  the  South  Staffordshire  co^Beld  and  the 
Weaver  Hills,  to  those  of  us  who  might  attach  a  good 
deal  of  importance  to  Mr.  Godwin-Austen's  evidence 
to  the  effect  that  the  coalfields  seldom  extended  under 
great  elevaUons  of  surface,  the  view  that  you  have 
now  .laid  down  would  be  quite  in  accordimce  with 
those  views,  there  being  no  high  land  between  these 
pmnts  which  you  have  been  describing?— There  U  no 
high  land  between  tiiese  points. 

575.  So  that  the  probability  is,  that  the  coal  maj 
be  there  as  you  have  described  ? — do  not  think  there 
is  any  connection  between  the  high  land  and  the  pre- 
sence of  coal  there;  it  does  not  affect  the  question  in 
my  opinion. 

576.  I  am  disposed  to  attach  a  good  deal  of  import- 
ance to  it? — You  may;  but  Mr.  Godwin- Austen's 
evidence  rekted  to  a  totally  different  sot  of  circum- 
stances; viz.,  great  disturbances  of  later  date  than 
the  Cretaceous  strata.  These  high  New  Red  escarp- 
ments having  been  and  still  being  cut  back  cannot 
permanently  mark  the  divisions  of  the  Carboniferous 
strata  deep  below. 

577.  {Mr.  Geddes.)  Are  you  at  all  confident  as  to 
the  existence  of  a  coalfield  under  those  20  miles  you 
have  adverted  to? — I  know  that  it  is  under  it  for 
Bomo  distance,  because  X  have  seen  it  passing  under 
the  New  Red  Sandstone;  bnt,  as  I  explained,  I  cannot 
say  where  it  Qnds.  It  must  end  somewfaera  between 
the  outerop  of  the  Millstone  Grit  on  the  north  and  the 
outcrop  of  the  Coal-measures  on  the  south,  and  I 
think  that  taking  the  strike  of  the  beds  in  neighbour- 
ing districts,  a  coalfield  must  exist  underground,  ap- 
proximately in  the  area  described. 

578.  Then  I  gather  it  to  be  your  opinion  that  you 
hope  for  a  good  coalfidd  there  r — hope  there  is  a 
good  coalfield  there. 

579.  (ifr.  Prestwich.)  One  point  which  you  have 
directed  our  attention  to  in  this  section  is  the'  thinning 
of  the  whole  of  the  New  Red  Series,  which,  instead 
of  bong  sevend  thousand  feet  thick,  is  here  reduced 
to  a  thickness,  I  think  you  tell  us,  ol  about  1,500  feet  i 
— ^Tes ;  the  New  Red  Marl  is  there  veiy  Uun*  and 
both  the  Ui^r  and  ZiOwer  Bed  and  Mottled  Sud- 

■  stone  are  absmt,  and  the  Pebble  Beds  of  the  New  Bed 
Swies  lie  directly  upon  the  Carboniferous  rocks. 

580.  Does  that  observation  apply  to  the  whole  of 
the  district  between  the  river  Dove  and  the  river 
Trent  ? — ^As  far  as  known,  that  observation  applies 
to  all  the  country  between  the  Carboniferous  Lime- 
stone of  Derbyshire  and  the  north  end  of  the  South 
Staffordshire  coalfield,  and  eastward  as  far  as  the 
Leicestershire  coalfield  ;  so  that,  between  the  Leicea- 
tershire  coalfield  and  that  at  Cheadle  in  North 
StafGn^hire,  the  whole  of  the  New  Red  Series  is 
jmperfwt.  XTndeme^lb  the  New  B^d  Marl  the 


Pebble  beds  are  probably  chained  with  a  lai]ge  quintii; 
of  water,  and  on&vourable  for  sinking  in. 

681.  Would  not  that  ofaBervatimi  apply  genenllj 
to  the  same  rocks  in  the  districts  intermeduto  betrcen 
tiie  Shropshire  coalfldd,  ttie  Staffordshire  coalfidd, 
and  the  Warwickshire  coalfield  ? — Yea ;  it  would  i»o- 
bably  apply  to  a  great  extent  to  any  sinkings  throagh 
the  New  Red  Sandstone  in  these  area^  espedally  to 
the  Pebble  beds. 

582.  Then  where  these  particular  members  of  llie 
New  Red  Series  are  wanting,  that  observation  would 
not  apply  ? — Where  the  various  members  of  the  Kew 
Red  Sandstone  are  wanting,  it  would  not  so  mudi  ttp^Aj, 
but  the  Water  stones  or  Lower  Keuper  Sandstooei 
which  form  the  lowest  member  of  the  E^pa"  89168 
lae  famous  for  supplies  of  water. 

583.  When  at  work  in  the  Shropahire  coalfield, 
some  years  ago,  I  hod  great  difficult,  when  I  amred 
at  the  eastern  edge  of  the  coalfield,  in  detenniniiig 
whether,  the  Coal-measures  were  cut  off  by  a  fault,  or 
whether  by  an  old  shore  or  cliff  line.  The  wbow 
question  of  the  probable  extent  of  coal  in  thia  iota-' 
mediate  area,  as  is  well  known,  depends  upon  that 
very  question.  I  found  that  there  was  a  shaft  sank 
here  (poiniinff  to  the  map),  and  that  in  woHdng  the 
lowest  coal,  it  could  bo  traced  for  a  certun  diataace 
under  the  New  Red  Sandstone;  the  higher  coals 
could  bo  traced  for  a  less  distance,  and  the  top  cosh 
for  still  less.  The  fracture  or  cut  off  seemed  in 
many  cases  to  be  at  so  very  small  an  angle,  and  it 
was  often  difficult  to  determine  whether  the  line  <^ 
fault  was  a  straight  lino  or  not.  In  fact  I  felt  the 
greatest  difficulty  whether  we  had  here  a  line  <f 
old  shore,  in  which  case  the  strata  intormedii^/ 
between  the  coalfield  Shropahire  and  the  fmalfielda 
of  Staffordshire  may  have  been  in  great  port  resHned 
by  denudation,  and  tho  intermediate  district  filled  up 
by  members  of  the  New  Red  Series,  or  whether  it 
was  an  actual  dislocation  subsequent  to  the  depoaitioa 
of  the  New  Red  Series,  in  which  case  the  other 
dislocated  portion  may  remain  in  the  intermedlata 
area.  The  conclusion  I  came  to  was,  that  it  waa 
possibly  a  line  of.*fracture  ;  but  still  I  felt  so  mach 
difiiculty  upon  the  point,  that  I  would  ask  you  wbelhcr 
you  have  fel  t,  in  any  of  the  districts  which  you  have  now 
described,  the  same  difficulty  in  any  cose,  and  whether 
you  have  evidence  of  the  abutting  of  Uie  coal  seams 
underground  against  tho  members  of  the  New  Red 
Series,  at  such  angles  as  to  render  it  certun  that 
these  are  lines  of  fults,  and  not  lines  of  old  shores  or 
clifib  ? — ^It  bos  been  proved  that  the  eastern  boondaiy 
of  the  Coalbrookdale  jwalfield  is  not  a  fault,  and  it  ii 
not  a  steep  cliff,  bnt  it  is  a  non-confixmity.  Ilw 
western  and  eastern  boundaries  of  the  South  Stafibrd> 
shire  coalfield  have  been  considered  with  so  much  ear^ 
there  being  also  some  positive  proof  on  the  subject,  that 
I  have  no  hesitatioo  in  saying  that  these  boundaries  an 
faults,  with  the  exception  of  a  few  miles  at  the  northern 
end  of  the  coalfield  on  its  west  side.  The  same  state- 
ment applies  to  the  whole  of  the  Warwickshire  coalfield, 
with  the  exception  of  the  eastern  Iwondary,  where  the 
Lower  Keuper  Sandstone  lies  upon  unproductive  Coal- 
measures  between  Nuneaton  and  the  southern  end  of 
the  coalfield,  where  it  crops  up  to  the  surface.  The 
Leicestershire  coalfield  is  diffbremt,  for  to  a  gnat 
extent  on  the  west  and  south  the  Permian  strata,  hvt 
chiefly  the  New  Bed  Sandstone  or  Lower  Eeaper 
Sandstone,  lie  directly  and  nneon&nnably  upon  die 
Coal^easures,  and  thus  form  a  natural  bonndai7< 

584.  {Mr.  ZWeJUfMOfi.^  Can  you  state  whether  the 
coal  seams  at  Coalbrookdale  dip  eastward  nndsnieath 
the  Permian  ? — They  dip  eastward,  but  at  a  lev 
angle. 

585.  Can  you  state  whether  the  angle  is  less 
than  that  of  the  Permian,  and  whether  they  are  cut 
off  by  the  Permian  or  not  ? — The  angle  is  probably 
somewhat  less  than  Uie  angle  of  the  Permian,  and  I 
expect  that  they  will,  if  the  same  angle  oontinDes, 
abut  at  their  eastern  edge  against  the  base  of  the 
Permian  strata. 

586.  AndnotbeoontinnousiivnMStoSoalhStafibTd- 
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shire  P — Probably  not  entirely,  bat  I  think  it  probubk 
that  Coal-measures  will  be  nearly  oontinaons  between 
the  coalfields;  and  th^  dip  is  so  low  bmeath 
the  Pei-mian  beds  that  the  slightest  nndnlation  in  the 
Coal-measures  nndergroond  would  bring  in  the  eoaia 
again. 

587.  (Mr.  Prestwick.)  I  could  not  understand 
how  a  fault  coutd  ever  hare  tidcen  the  very  small 
angle  that  that  -vronld  hare  done  (pointing  to  a  diaffram 
on  the  black  board).  You  say  that  it  is  a  caso  of 
non-conformabiiity  ? — So  I  am  informed  by  Mr.  MarcuH 
Scott,  and  so  I  infer  from  acconnts  I  havo  read  of 
shafts  or  borings  which  have  been  made  through  the 
Permian  rock  on  ihe  east  of  the  bonndary  Hne  between 
tho  Permian  and  the  Coal-measnres  on  the  Coalbrook- 
dale  coalfield. 

568.  Do  you  know  how  far  to  the  east  of  the  oat- 
crop  thoHO  borings  have  been  made  ? — I  do  not 
remember.  I  believe  from  half  a  mile  to  a  mile,  but 
it  is  all  on  record,  and  can  easily  be  ascertained. 

£89.  It  is  almost  tutamouat  to  a  line  of 
erOKon  ? — ^It  is  a  Ime  of  erositm.  When  I  speak  of  a 
cliff  I  mean  something  lai^  and  vertical  or  nearly 
vertical. 

690.  We  will  now  proceed  to  another  section  ? — 
Tho  next  ground  which  I  propone  to  describe  is 
from  the  Upper  Silurian  rocks  across  tho  upper  Coal- 
measures  near  Winnington  Greeu,  the  Permian  rocks 
of  Alberbury,  and  the  New  Red  Sandstone  and 
c  14,    Marl  to  Hurstwell  and  Baschorch.    14.  The  country 
3-       crossed  by  this  section  consists,  as  far  as  the 
CarbonifOTouB  rocks  are  umeemed,  of  upper  Coal- 
measure^  which  run  .fnmi  the  ground  west  of  the 
Breiddm  Hills,  and  contain  only  two  or  three  nnimpor* 
ant  beda  <^coal.   They  stretch  southwards  to  Fontes- 
bury,  and  then  north-easterly  towards  Shnwsbniy,  and 
a  mile  or  two  boyond.    South  of  this  r^on,  and  sepa- 
rated from  it  by  an  intervening  tract  of  Cambrian  rocks, 
there  lies  tho  Le  Botwood  coalfield,  partly  &ulted 
against  the  Cambrian  rocks  and  partly  overlying  the 
Cambriui  rocks  in  an  extremely  unconformable  manner. 
This  coalfield,  like  tiie  other,  contains  only,  I  think,  two 
unimportant  beds  of  coal.   They  both  belong  to 
the  upper  Coal-measures,  and  in  tho  Le  Botwood 
coalfield  (here  is  found  a  limestone  band,  containing 
Spirorbis  carbonarius;.   No  section  has  been  drawn 
across  ihe  Le  Botwood  coat6eld,  but  the  section 
14  ibhows  tho  upper  Coal-measures  about  400  feet 
thick,  containing  two  thin  beds  of  coal  almost  at  the 
very  base.   The  Permian  rocks  which  overlie  these 
Coal-measnres  have  a  thickness  of  about  from  1,100 
to  1,200  feet.   On  the  east  of  the  Permian  strata  tho 
ground  is  exceedingly  obscure;  but  it  seems  most 
probable  that  a  low  part  of  the  New  Red  Sandstone  is 
brought  against  the  Permian  beds  by  a  fault.  Towards 
the  north-eastern  end  of  the  section,  the  New  Bed 
Marl  and  Lower  Ken  per  Sandstone  form  the  surfJuw 
of  the   ground,  being    brought  in  by  two  faults 
If^  as  is  most  probable,  the  Permian  beds  continno 
underneath  the  New  Red  Sandstone,  then,  under- 
neath the  New  Red  Marl  at  Hnrstwell,  tho  thick- 
ness of  the  New  Red  and  Permian  strata  together 
would  be  about  4,000  feet    I  presume,  that  one  might 
then,  erase  to  the  Coal'measures  ;  but  whetha  these 
Coal-measures  would  consist  merely  of  upper  unpro- 
dnetive  beds,  or  whether  some  of  die  loww  productive 
measares  of  the  Denbighshire  ooslfietd  might  before 
that  oomo  in,  I  am  quite  unable  to  form  an  opinion. 
If  we  regard  the  general  Geology  of  this  country 
it  will  be  seen  that  from  the  neighlmurhood  of  Shrews- 
bury there  is  a  broken  anticlinal  curve  passing  to  the 
north-east  in  the  direction  of  the  sonth-westem  comer 
of  the  North  Staffordshire  coalfield.    This  is  marked 
by   the  occurrence,   at  intervals,   of  patches  of 
Permian  strata  rising  to  the  sur&ce  through  the 
New  Red  Sandstone^  which  are  generally  fanlted 
on  their  south-east  ride,  and  apparently  pass  uu- 
conformably  underneath  the  beds  of  New  Red 
Sandstone  on  the  north-west.    About  three  miles 
nortb«ast  o£  Shiewsbory  the  CMOlwiiin  b94s  rise  to 
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the  surface  in  a  weU-known  bos^  called  Hangbmond 
HOI  I  and  tiiese  Cambrian  rocks  on  the  north-east 
and  west  are^  as  ftr  as  known,  directly  overlaid 
by  Permian  strata,  without  the  intervention  of  Coal-  *^  'MP. 
measures ;  oonsequently,  and  especially  as  you  find 
further  to  the  south-east  masses  of  igneous  or  excen- 
sitrely  metamorphic  rock,  rising  directly  through  the 
New  Rod  Sandstone  without  the  interrentiou  of  Coal- 
measures,  it  seems  to  me  that  the  t>iu;t  between 
Haughmond  Hill  and  the  western  boundary  of  the  Coal- 
brookdale  coalfield  is,  most  probably,  atu^ther  or 
chiefly  unprofitable  ground,  so  far  as  regards  coal 
uuderfieath  the  New  Red  Sandstone.  At  the  same 
time,  as  we  have  some  exceedingly  thin  and  nearly 
T^uelces  beds  of  Coal-measures  seen  lying  here  and 
there  upon  these  rocks,  it  is  not  beyond  the  bounds  of 
possibility  that  some  thin  and  profitless  patches  may 
here  and  there  occur  between  iba  Cambrian  and 
Silurian  strata,  and  the  oake  of  New  Bed  beds  lying 
upon  them.  There  is  one  pomt  with  regard  to  this 
irhich  must  be  borne  in  mind,  and  it  is  that  at  the 
northern  part  of  the  Coalbrookdale  coalfield  there  is  a 
well-known  patch  of  Carboniferous  Ltmest<me,  and  of 
altered  rocks  on  the  west  side  of  it,  at  Lilleshall. 
Therefore,  when  you  tfUce  i^l  these  things  into 
account  it  is  impossible  to  say  at  what  point  these 
lower  palteozoic  ixicks  beneath  the  Coal-measures  will 
end  as  you  go  towards  the  south-west  end  of  the 
Nortli  Stafibrdshiro  coalfield  ;  and,  for  aught  we 
know  to  tho  contrary,  they  may  stretch  for  many 
miles,  say  eight  or  ten  miles,  underneath  the 
Permian  rocks  especially,  which  here  and  there  rise 
to  the  surface,  marking  the  existence  of  an  anticlinal 
of  smne  kind  or  other  nndemeath  die  secondary 
rocks.  I  therefore  ccmsider  that  in  the  main  it  would 
be  unsafis  to  suppose  that  for  certain  any  coal  would 
be  found  underneath  tho  secondary  rocks  in  the 
r^ion,  say  between  Shrewsbury  and  the  ground  for 
eight  or  ten  miles  towards  Childs  Ercall  and  Ches- 
wardine. 

591.  (Mr.  Prestwick.)  Were  not  some  borings 
made  a  few  years  ago 't — ^Yes ;  and  I  saw  the  stuff. 
They  cune  to  Silurian  quartz  rock. 

592.  Do  you  know  how  far  that  was  from  the 
coalfield  ? — have  it  on  a  map  somewhere  or  other ; 
it  was  very  near  the  coalfield. 

593.  (Mr.  Diekinton.)  When  you  {ffononuce  these 
coal  seains  as  profitless  I  suppoee  that  that  must  be 
taken  with  certain  qnahfications,  and  that^  until  Uie 
time  when  the  rulwa^s  advanced  into  that  district, 
bringing  dieaper  coa^  those  coala  were  worked  at  a 
profit?— Frobahlv  so. 

(Chc^rman,)  I  lu^>pen  to  know  that  conntry  very 
well,  and  Professor  Ramsay  could  lay  down  upon  Uie 
map  exactly  the  coal  on  either  sid^  whether  it  were 
at  Pontesbury  on  the  one  side,  or  at  Le  Botwood 
on  the  other.  It  is  a  very  defined  mass,  and  is 
extremely  thin,  and  its  bottom  is  well  known,  and 
the  whole  of  this  coalfield  is  represented  by  the  upper 
coal  containing  the  Microconchus  bed.  Our  object 
will  be  to  know  eventually  certain  areas  which  will 
be  profitable  to  the  conntry ;  and  I  could  speak  de- 
cidedly to  all  tiiat  area,  that  it  will  be  utterly  profitless 
in  a  national  sense,  because  its  bottom  is  known,  and 
it  has  been  thoroughly  wdl  ascertained. 

(Mr.  IXckinion.)  I  was  at  one  of  those  pits  at 
Westbnrr  snne  years  ago,  and  the  coal  was  oalj  a 
foot  Hdckt  bat  it  wqs  of  fair  quality. 

(Chairman.)  It  is  not  utterly  worthless,  but  I  mean 
in  a  national  point  of  view. 

(Professor  Banuoj^.)  I  do  not  enter  into  that  ques- 
tion. I  merely  say  tlut  there  are  these  coals,  and 
it  is  for  the  Conuniasioners  who  have  charge  of  that 
part  of  the  subject  to  report  precisely  what  they  an 
commercially  worth,   I  have  avoided  that. 

(CAotnmm.)  These  diin  coals,  which  are  the  repre- 
sentatives of  w  the  coid  which  is  there,  rest  np<m  tlie 
Silurian  rocks.  There  is  no  prodnctive  coalfield  under 
them,  nor  can  there  be. 

(Mr.  Prettwiek,)  £xcept  that,  as  these  are  well 
known  as  the  v^er  part  ai  tiie  coalfield  repo^qg 
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upon  the  old  Silurian  rocks,  it  ia  just  possible  that 
as  you  {ffoceed  northward  the  lower  members  of  the 
Cml-meiuiures  may  set  in. 

{Professor  Baauoff.)  Itispossible.  The  next  section, 
8w.  IS,  B.  3.  15,  is  a  short  one  across  the  soathem  end  of  the  Den- 
bighshire coalfield  from  west  to  east,  from  Pent-tre- 
Cefti  by  Dryll,  south  of  Oswestry,  to  Boreaton  Park, 

Shropshire^crossiogCafboniferousIimestoneCoalmea-  at  an  angle  of  about  18  degrees,  and  contains  a  great 
snresandNew  Red  Sandstone.  The  Carboniferous  Iim&-    number  of  beds  of  coal,  the  lower  half  being  on  the 


shhe  coalfield  to  Waterfall  Low.  On  the  west  the 
Carbomfei*ouB  Limestone  dips  easterly  under  the 
Millstone  Grit;  it  is  about  1,200 feet  thick.  The 
Millstone  Grit  is  about  800  feet  Udck,  and  m  the 
midst  of  it  there  ia  aband  of  shale  and  coal  of  little  or 
no  value.  The  Millstone  Grrit  is  overlaid  on  Uie  east  hj 
productive  Coal-measures.   The  whole  dips  easterly 
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stone  crops  out  on  the  west,  overlaid  by  MUlstone  Grit 
of  frt>m  IjOOOto  1,100  feet  in  thickneBs,  which  in  its 
turn  is  overlaid  by  Coal-measures. 

594.  (Chairman.)  That  is  the  Oswestry  coalfield  ? 
— ^Yee.  The  details  connected  with  the  southern  end 
of  the  coalfield  are  in  the  main  unknown  to  me.  Its 
eastern  boundary  as  shown  in  the  section  is  a  fault ; 
and  it  is  reported  that  at  the  depth  of  70  yards  from 
the  surface  they  drove  eastwar<b  through  the  fault, 
and  came  into  a  very  hard  gritty  rock,  which  is 
supposed- to  be  the  Millstone  Grit.  Thesur&ce  of  the 
countey  is  covered  by  alluvium  and  deep  drifts  and 
for  miles  no  rock  in  place  of  any  kind  is  exposed  at 
the  surfaoe.  Thus  the  precise  eastern  boundary  of  the 
Coal-measures  is  unknown.  Some  persons  might 
also  be  uncertain  whetherthePermian  rocks  psss  under- 
neath this  area,  or  whether  they  are  cut  off  by  faults, 
or  whether  they  join  the  Permian  rocks  of  Alberbury, 
several  miles  fartlier  to  the  south,  underneath  the  great 
alluvial  flats  of  the  district.  By-and-by,  going  fur 
enoi^h  to  the  eastward  towards  Tasmere  Hall  and 
Boreaton  Park,  Lower  Keupcr  Sandstone  and  Marl 
appear  at  the  surfhco.  Under  these  circumstances, 
assuming,  as  is  probable,  that  the  difihrent  membei's 
of  the  New  Red  Sandstone  strata  ronun  approxi- 
mately of  the  same  thickness  that  they  have  in 
adjacent  regions,  where  then*  thickness  ia  known, 
the  depth  to  the  base  of  tlio  New  Bed  Sandstone 
strata  near  Tasmere  HnU  would  be  about  from  1,500 
to  2,000  feet,  and  about  2,000  feet  also  underneath 
Boreaton  Park.  On  the  whole,  I  am  inclined  to  think 
it  likoly  (and  I  should  liko  to  have  Sir  Roderick  Mur- 
chison's  opinion  upon  this  point  specially)  that  the 
Permian  rocks  which  bound  the  Denbighshire  coal- 
field may  be  continuous  under  the  surface  with  the 
Permian  rocks  north  of  Pontsbury  which  bound  the 
coalfield. 

(Chairman.)  Yes,  I  should  think  that  it  is  pro- 
bable. 

(Pirofessor  Bamsay.)  But  the  obscurity  of  the 
ground,  from  drift  and  great  alluvial  plains,  makes  it 
impossible  to  speak  with  certainty.  Under  these 
circumstance^  if  the  Permian  strata  exist  under- 
neath the  New  Bed  series  the  depth  to  the  posdble 
Coal-raeaBiires  in  the  neighbourhood  of  Twyfbrd 
Cross  would  be  about  2,000  feet;  1,000  feet  of  those 
strata  consisting  of  Permian  rocks,  and  the  other 
1,000  of  New  Red  Sandstone.  In  the  neighbourhood 
of  Tasmere  Hall  1,000  feet  of  Permian  strata  would 
have  to  be  added  to  the  thickness  of  the  New  Red 
Sandstone,  giving  3,000  or  3,100  feet  in  all  before 
you  could  reach  Coal-measures  ;  and  the  same  kind 
of  depth  varies  here  and  there  for  a  few  hundred 
feet  in  consequence  of  the  faults  which  continue 
further  towards  the  east.  Whether  or  not  the  Coal- 
measures  in  that  area  wonld  belong  chiefly  to  the 
profitable  Coal-measures  of  Denbighshire,  or  be 
partly  of  the  nature  of  the  comparatively  unpro- 
fitable measures  of  Fontesbnry,  is  doubtful. 

£95.  (CJunrman.)  Looking  to  the  Oswestry  coal- 
field and  its  value,  and  also  to  the  indicati«i  which 
you  have  mentioned  of  their  having  met  with  the 
hard  rook  upon  the  eastern  side  of  it,  is  there 
any  great  probability,  if  you  go  to  the  eastward  of 
eha^  And  i-ange  away  towards  Cheshire  and  so  on, 
of  any  profitable  coal  being  found  in  that  direction  ? 
— ^It  may  be  doubtful  whether  much  profitable  Coal- 
raeasnres  would  be  Tound.  I  now  come  to 
section  No.  16,  from  west  to  east,  from  the  Carboni- 
ferous Limestone  of  Cefn-y-Fedw  near  Llangollen, 
across  the  Denbi^^ishire  coalfield,  the  pl^  of 
Cheaiiite,  and  the  oouth  end  of  the  North  Stalford- 
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whole  by  far  the  most  productive  portion.  These 
Coal-measures  are  overlaid  egmewhat  unconformably 
by  Permiau  strata.  The  Coal-measures,  exclusive  of 
the  Millstone  Grit,  attain  a  thickness  of  about 
4,000  feet.  The  Permian  strata  that  overlie  them 
consist  of  Red  Sandstones  and  Marls,  and  their  thick* 
nestt  is  estimated  at  about  1,500  feet. 

596.  (Mr.  Dickinson.)    Before  passing  away  from 
this  portion  of  the  subject,  may  I  ask  yon,  if  yoa 
know  that,  so  finr  as  the  Permian  stivta  have  been 
Bunk  to  on  the  eastern  side  of  the  Denbighsiure  coal- 
field, that  is,  to  a  depth  of  about  70  yards,  the  Coal- 
measures  have  still  been  found  dipping  at  a  greater 
angle  th»n  the  Permian  Strata,  and  that  fresh  coals 
are  continuing  to  put  on  as  Uie  coalfield  goes  east- 
ward ? — I  knew  that  they  had  sunk  to  the  Cod- 
measures  ;  I  did  not  know  the  details  ;  but  what  you 
state  is  very  satisfactory.    On  the  eset  of  the  Permian 
stratA  occur   the  New  Bed  Sandstone  and  Mail, 
which  in  this  area,  and  in  the  area  to  the  ncffth  for 
many  miles,  attain  a  much  greater  thickneas  than  thej 
do  in  the  areas  surrounding  the  South  Staffordshire, 
the  Warwickshire,  aud  the  Leicesterahire  coalfieldi^ 
and  also  at  Coolbrookdale.    East  of  the  Denbigb^iiie 
coal-field  overlying  Permian  beds  we  have  tbe  Liower 
Bed  and  Mottled  Sandstone  the  tlii^nesa  of  wlikh  is 
estimated  at  about  600  feet ;  next  the  Coi^faiierate  or 
Pebble  beds,  about  SOO  feet ;  next  the  Upper  Bed  and 
Mottled  Sandstone  about  600  feet ;  then  the  Lower 
Keuper  Sandstone  about  300  feet  thick  ;  and  then  the 
New  Rod  Marl,  where  thickest  in  this  section  about 
2,000  feet.     This  Eectiou  crosses  a  patch  of  Lias 
about  half  way  between  the  Welsh  and  the  North 
Stafibrdshiro  coalfields,  abont  ten   miles  in  length 
by  about  four  and  a  half  in  width.    Its  thickness 
is  unknown,  for  the   country  is  deeply  covered 
with  boulder  drift,  indeed  the  whole  of  the  area 
between  the  Welsh  and  the  North  Staffordshire  coaI- 
fields  is  very  much  obscured       drift,  but  here  and 
there  enough  of  the  rocks  are  exposed  to  affi>rd  grounds 
for  the  estimates  whidi  have  been  given  of  the  thic^- 
nessof  the  diflbrent  members  of  the  New  Bed  Seriea. 
The  Idas  has  been  estinuted  roughly  at  prob»bly  (torn 
500  to  600  feet  thick.   Ita  eastern  boundary  is  sup- 
posed to  be  a  fault  with  a  downthrow  on  the  west, 
but  diis  is  somewhat  uncertain.   Towards  the  eastern 
end  of  the  8ecti<m,  the  Permian  strata  crop  out,  over- 
lying the  Coal-measures  of  the  North  Staffordshire 
coalfield.    This  coalfield  is  estimated  at  about  5,700 
feet  in  thickness ;  it  lies  directly  on  the  Millstone  Grit, 
which  lies  on  the  Yoredale  rocks,  whi<^  lie  on  the 
Carboniferous  Limestone.    The  Permian  strata  on  the 
east  of  the  seoti(m  are  probably  very  mnch  thinner 
than  on  the  west^n  out-crops,  where  Uiey  ac(join  the 
Denbighshire  coalfield,  and  therefore,  though  these 
deposits  are  apt  to  be  very  irregular,  the  probabilities 
are  that  on  the  whole  ^ey  thicktti  under  groimd, 
and  may  be  continuous  betwaoi  the  two  eoidfidda 
The  liOwer  Bed  and  Mottled  Sandstone  ia  idieeB^  and 
the  Pebble  leads  lie  directly  on  the  Penrnan  etnte 
adjoining'  the  North  StaflEnnUlhire  eoolfleld.  Cca- 
seqnently  it  thins  out  somewhere  under  ground; 
and  by  a  c<msideration  of  all   the  circumstances 
attendmg  its  distribution  to  the  south,  Z  incline  to 
think  that  it  will  thin  out  somewhere  about  halfway 
between  Norton  and  Willoughbridge  Pai-k.  Tbe 
Conglomerate  or  Pebble  bed^s,  lying  directly  upon 
the  Permian  strata,  are  apparendy  not  so  thick  as 
where  they  crop  out  on  the  west  towards  the  Den- 
bighshire coalfield.    Thefr  thickness  is  at  about  4O0 
fee^  and  the  ov«*lying  Bed  and  Mottled  Sandstone 
is  1^  given  «t  about  400  fee^  showing  aonie  diminii- 
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tkn  aa  these  beds  pass  from  west  to  east.  Where 
crossed  l^^  the  section  between  the  neighbourhood  of 
Swtnnerton  Bark  and  Winuiogton  Lodge  the  Pw- 
mian  strata  lie  in  a  trongh,  overlaid  by  the  Pebble 
beds  of  the  New  Bed  Swdstonc^  and  in  the  centre  of 
tbe  trough  the  depth  to  the  Coal-measures  is  estimated 
at  about  1,440  feet.  ImnKdiately  to  the  west  of 
this  iJie  Permian  strata  appear  to  rise  in  a  low  anti- 
clinal curve,  and  it  is  assumed  as  probable  that  the 
Coal-measures  beneath  will  follow  this  curve,  there 
being  STmptoms  of  it  exposed  at  the  surface  two  or 
three  miles  further  north.  K  this  be  correct,  neai- 
Winmogton  Lodge  the  Coal-measures  may  possibly 
found  at  a  depth  of  about  500  feet  from  the  surface. 
At  the  centre  of  the  great  basin  that  lies  between  the 
North  Staffordjihire  and  the  Denbighshire  coalfields 
the  d^th  to  the  base  of  the  New  Bed  Sandstone 
is  estimated  at  about  4^800  feeV  and  the  total  deptb 
to  the  base  of  the  Permian  strata  abont  5,600  feet, 
assuming  their  existence  there ;  and  I  think  that, 
as  iar  as  the  evidence  goes, .  it  is  probable  that 
underneath  that  basin  Coal-measures  may  Ue. 

596a.  The  coal  seams  at  the  western  side  of  the 
North  Staffordshire  field  are,  I  understand  from  this 
section,  dipping  westward  ? — Yes. 

oQ6b.  It  favours  your  view  to  that  extent,  as  to  the 
probabili^  of  this  co^eld  being  continned  ?— Yes. 

&96e.  Ton  would  have  the  MiUstone  Grit  as  the 
.base  both  at  the  westward  and  at  the  eastward? — 
fee. 

597.  And  the  Mountain  Limestone  underneath  the 
coal? — Yes.  This  determinatHm  or  rather  aaaomp- 
tion  of  the  continnily  the  CoaL-measnrea  nndemeath 
^  New  Bed  and  Permian  strata*  where  eroased  1^ 
this  section}  is  based  upon  the  idea  that  the  whole  of 
the  Carboniferous  rocJu  on  the  north,  on  the  east^  and 
on  the  west  that  bound  the  ^ain  of  Ghetdiire,  &C.,  on 
all  sides  are  portions  of  a  great  original  Carboniferous 
area  whidi  was  disturbed  and  partly  denuded  before 
the  depoutioD  of  the  Permian  and  Secondary  rocks. 
I  will  by-and-by  show  that  there  are  grounds  for  be- 
lieving that  for  a  space  in  the  centre  of  the  plains  of 
Cheshire  it  would  be  unsafe  to  consider  that  the 
workable  Coal-measures  exist,  for  reasons  which  will 
be  shown  when  I  describe  the  next  sections,  and  for 
reasons  which  were  also  explained  by  Mr.  Hull  and 
coincided  in  by  Mr.  Jukes.  The  very  great  thickness 
of  die  Coid-measnres  on  both  sides  of  Uiis  great  basin 
shown 'in  the  section  encreasas  the  prob^ullty  that 
Coal-measures  will  occnr  in  the  inteimediate  area. 
I  would  by  no  means  wish  to  commit  n^self  to  a 
statement  that  the  whole  thidcness  of  the  Coal- 
meaaures  will  be  found  underneath  the  Permian  rocks 
along  the  whole  course  traversed  by  this  section. 

&ffla.  It  seems  quite  clear  then,  fi'om  the  evidence, 
that  as  on  the  western  side  there  is  a  large  coalfield, 
so  Utrnwise  on  the  eastern  side  the  probability  is  that 
there  is  a  Mmilarly  large  coalfield  ? — Yes  ;  it  is  seen  in 
North  Staffordshire. 

598.  But  that  those  beds  at  some  intervening  points 
may  bend  up  against  secondary  rocks,  possibly  at  tfae 
point  described  where  the.  Lias  overlies,  is  also  pos- 
ailde? — ^There  may  bo  a  rise  of  unproductive  beds 
anywhere  between  the  coalfields,  but  there  is  no  direct 
eridmee  on  Uiis  point*  excepting  further  north. 

598a.  (ifr./'re«ApieA.)-Sofara«theCoal-measnre6 
'  have  been  traced  in  their  eaetern  dip  in  the  DenUgh- 
shire  ooalfiddtheyaranotoutoffbyanyfknlt? — ^X&gr 
•are  not 

599.  To  what  depth  have  they  been  followed  under 
the  Permian  P— I  am  informed  that  sinkings  have 
been  made  to  a  depth  of  70  yards  through  the  Per- 
mian. There  are  two  short  seotimis  connected  with 
the  ground  passed  over  by  the  eastern  end  of  No.  16, 
one  sontii  and  one  north  of  it.  The  first  is  marked 
17,  from  near  Stone  through  the  Cheadle  eoalfield 
to  Tfarowley  Low,  North  Stmordiiure.  On  the  north- 
east the  Carboniferioua  limestone  passed  under  the 
Toredale  rocks,  which  are  lyf  great  thidtaess,  and 
eontiun  no  ooals.   These  are  overlaid  by  the  Millattme 

■  Gri^  abont  350  &«t  thiak,  whkth  in  its  turn  is-ereriaid 
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by  the  Cheadle  ooalficU.  C<Hnpa»tively  UtOe  was 
kiiown  about  the  details  of  the  coalfi^  when  the 
section  waa  oonetrUeted.  At  Cheadle  Hill  the  Pebble 
beds  of  the  New  Bed  Sandstone  lie  unconformably  ou  ^ 
the  Coal-measures,  and  two  shafts  have  been  sm^  to 
&  low  part  of  the  Coal-measnres,  as  stated  by  Mr.  HuU. 
-One  mile  south-west  of  Cheadle  Hill  the  Coal- 
measures  containing  'the  Littley  coal  and  the  4^fcot 
coal  pass  unconformably  under  the  New  Red  Sand- 
stone, but  at  a  low  angle.  Indeed  somewhat  low<er 
than  the  dip  oi  the  Pebble  beds,  so  that  the  oontinoa- 
tion  of  the  littley  cool  seems  to  abut  on  the  uneon- 
formable  base  of  the  New  Red  Sandstone.  The  position 
of  a  4-foot  coal  is  doubtfi^y  placed  at  abont  375  feat 
below  the  4i-foot  ooaL  The  ground  is  then  &alted  in 
two  places,  and  ftirthw  to  the  soutii-wwt,  towaeds 
Moddershall  Oaks,  the  New  Bed  Sandstone  and  Mdrl 
Ge  in  the  fima  of  a  broad  synclinal  onnre,  altogether 
abont  6  miles  in  diameter.  Where  thi^est  New 
Red  Sandsttme  tuid  Marl  are  considered  to  be  about 
850  feet  thick,  and  then,  perhaps,  you  might  readi 
the  Coal-measures.  To  the  nrath-east  and  south- 
west they  would  probably  be  readied  at  smaller  depths, 
excepting  between  the  two  ftults,  from  1  to  2  laile 
noiiih-east  of  the  River  Blithe.  To  the  north-west  o 
this  eoalfield  there  is  a  small  ontlying  ba^to  of  Coal- 
measures  dose  to  Weti^,  separated  by  denudation 
from  the  North  Statfordshire  snd  Cheadle  coalfield. 
See  18.  The  dips  on  the  east,  north,  and  west  sides 
of  the  Cheadle  coalfield,  where  it  is  seen  to-be  nndw 
Uud  by  the  Millstone  Grit,  also  yeovo  that  sd  Ibr  its 
fbrm  is  bann-sh^Md,  bot  east,  soath,  and  west  of 
Cheadle  it  is  orco^d  by  the  New  Red  Sandstone, 
and  underneath  thi«  rock  its  form  -is-  vorr  dMbtfiil. 
On  its  western  side  a  long  tongue  of  MUutone  Orft, 
dipping  east,  attends  from  Wetley  to  Stansmocn' Hall ;  .  -  : 
and  it  is  possible  Uiat  under  the  New  Red  Sandstone 
a  c(mtinuati<m  of  this  may  entirely  surround  the  coal- 
field, in  which  case,  in  the  neighbonrhood  of  the  river 
Blithe,  where  crossed  by  the  section,  MiUstone  Grit 
might  rise  to  th€i  base  of  the  New  Red  Sandstone, 
and  this  tendency  is  indicated  by  an  anticlinal  ridge 
of  Millstone  Grit  drawn  on  the  section.  But  as  near 
Moddershall  Oaks  upper  Cotd-meassres  oome  to  the 
surface,  it  is  considered  not  unlikely  that  between 
the  western  edge  of  the  Nerw  Bed  Marl  and  the 
Moddershall  (^oal-measurea  tiie  entire  series  of 
measures  of  the  North  StaObrdshire  ooal-tfeld  may 
be  represented.  If  this  be  so,  under  Modder- 
shall they  would  be  about  5,000  thick. 
Sontii-west  <tf  Moddershall  the  Permian  strata  set  in, 
overlaid  by  the  New  Red  Sandstone  uid  Marl,  with 
occasional  faults  of  some  importance.  The  New  Re 
Sandstone  lies  unconformably  on  the  Permian  beds, 
and  the  latter  are  believed  gradually  to  thicken  to  the 
south-west.  North  of  Oulton  the  depth  to  the  Coal- 
measures  would  be  about  350  feet,  and  utidemeath 
the  Permian  beds,  to  the  south-west  of  Oulton,  from 
350  to  500  feet.  South-west  of  this,  the  depth  to 
the  Cml-nieosures  shown  in  this  section  would  be 
from  1,300  to  3,000  feet,  but  the  coalfields  to  the 
north  are  so  much  contorted  that  it  would  be  dan- 
gerous to  say  that  somewhere  or  other,  maVk  of 
ficcleshall,  similar  contorticme  might  i^t  bring  up  un- 
productive beds  agiunst  the  base  of  the  Permian  strata. 
It  is  worthy  of  remark,  that  a  Greenstone  d^e  pierces 
the  Bed  Marl  towards  the  western  and  of  thus  section, 
the  only  case  of  the  kind  I  known  in  the  central  parts 
of  England. 

The  next  section,  18,  lies  north  of  section  16,  wad  See.  18,FL  >• 
runs  from  Woore  north-easterly,  through  Newcastle, 
Haidey,  and  the  Coal-measarea  of  Westwood  Plu:k,  to 
Morridge. 

On  the  east  the  Yoredale  Rocks  are  excessivdy 
contorted  and  broken  by  fkults,  and  in  one  of  these 
contortions,  at  Westwood  Park  the  lower  Cosl- 
measures  of  the  Wetley  coalfield  are  thrown  in  a 
small  detached  basin,  nnderiaid  by  about  160  feet  of 
Millstone  Grit.-  The  New  Red  Sandstone  of  the 
Leek  outlier  lira  upon  Yoredale  Bocks,  so  that  ^ere 
is  nch  poe^ilUy  of  Goal-meatuset  b^ing  £nmd-  Ha^ie- 
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neatli  these  socoodary  stnUa.  West  of  the  Wetley 
onHier,  where  crossed  by  the  section,  the  mass  of 
the  North  HtaffordslUre  coalfield  sets  in,  dipping 
-westerly  with  grekt  r^;iilarity,  tliough  somewhat 
broken  by  faults,  aud  under  Baaford  Park  and  New- 
castle its  total  thickness  down  to  the  Millstone  Grrit 
cstimftted  at  about  6,000  feet ;  it  contains  nume- 
rous well  known  beds  of  coal.  At  Basford  Park  and 
Newcastle  the  Coal-measares  are  overlaid  by  Per- 
mian strata  thrown  in  by  two  faults,  one  on  the  east 
and  one  on  the  west  of  Newcastle.  West  of  Newcastle 
the  extreme  thickness  of  this  patch  oi'  Permian  is 
estimated  at  about  350  feet.  West  of  the  fault  at 
Field  House  the  Permian  strata  ^ain  make  the 
surface,  forming  a  broad  tract  at  the  southern  end  of 
the  western  part  of  the  North  Staffordshire  coalfield. 
A  high  part  of  the  Coal-measures  lies  beneath  it, 
probably  undulating  westward  at  low  angles,  and  the 
whole  of  the  CoaT-measures,  down  to  the  MiUattme 
Grit,  nwy  underlie  this  tract,  and  to  the  westward 
beyond  where  this  section  extends. 

Near  Over  Bitters  Wood  the  New  Red  Strata  overlies 
the  Permian  beds,  and  dip  westward.  The  Permian 
bods  are  probably  about  800  or  900  feet  thick,  and 
the  New  Bed  beds,  where  thickest,  about  the  same  ;  the 
latter  are  much  obscured  by  drift.  It  would  be 
unsafe  to  count  on  reaching  the  Coal-measures  under 
Woore  at  a  leas  depth  than  2,000  feet,  and  from  thence 
to  the  London  and  North-western  Station  near 
Madeley,  tJiey  gradually  rise  nearer  to  the  surface. 
From  thence  to  Keel  Park  their  depth  from  the 
surface  beneath  the  Permian  rocka  will  probably  vary 
from  100  to  300  feet. 

The  lelat^tm  of  this  to  the  eastern  end  of  section  16 
will  be  seen  1^  comparing  the  aections. 

The  next  section  ia  No.  19,  irom  Bwlch-^wyn  across 
the  Denbighshire  ooalfield,  the  plain  of  Chediire,  and 
the  Nortii  Stafifvdduie  coalfield,  to  Ghrindon  on  the 
Carboniferous  limestone.  On  the  west  the  Carixmi- 
ferous  Limestone  dips  easterly  with  a  thickness  of 
about  1,050  feet  Next  comes  the  Hillstone  Grit 
overlying  it  with  a  thickness  of  about  900  feet,  and 
this  is  succeeded  by  the  Coal-measures,  which  again 
ioe  overlaid  unconformably  by  the  Permian  rocks, 
and  the  Permian  rocks  by  the  New  Red  Sandstone 
strata.  The  Permian  strata  at  the  western  end  are 
much  obscured  by  drift,  and  there  is  i-eoson  to  believe 
that  they  are  probably  somewhat  thiuner  than  where 
crossed  by  section  No.  16.  Tliey  are  overlaid  by 
the  Lower  Bed  and  Mottled  Sandstone,  which  has 
a  thickness  of  nearly  1,000  feet,  as  estimated  by 
Mr.  HnU.  Above  it  the  Conglomerate  or  Pebble 
beds  may  be  about  600  feet  thick,  the  Upper 
Bed  and  Mottied  Sandsttme  550  feet  tliick,  the 
LowOT  Kenper  Ssndatcme  320  feet,  and  the  New 
Bed  Marl  in  the  middle  of  the  plains,  frmn  1,500 
tp  2,000  feet.  On  the  west  these  strata  are  more 
or  less  disturbed  faults,  and  it  is  possible  that  in 
the  plains  there  may  be  many  other  undiscovered 
&ult8,  for  the  whole  country  is  thickly  covered  by 
great  deposits  of  Boulder  drift. .  Towards  the  eastern 
end  of  the  section  the  Lower  Red  and  Mottled  Sand- 
stone is  thrown  against  the  Coal-meaaures  by  a  fault ; 
and,  from  a  consideration  of  the  outcrops  of  the 
F»inian  strata  adjoining  the  Carboniferous  rocks  of 
North  Staffordshire  and  Cheshire,  it  seems  certain 
that  the  Permian  strata  thiu  away  underground  just 
before  you  reach  the  point  where  the  North  Stafford- 
shire ccmlfield  forms  the  surface  of  the  ground,  as 
diown  on  the  sectiott.  The  Lower  Bed  and  Mottled 
Sandstone,  the  Pebble  beda,  and  the  Upper  Bed  aud 
Mottled  Sandstone  are  also  believed,  from  the 
evidoice,  to  be  considerably  thinner  on  the  eastern 
than  they  aro  on  the  western  edge  of  the  New 
Bed  basin,  llie  total  tbickneas  of  the  New  Bed 
series  in  the  centre  of  the  basin  would  be  about  4,000 
feet,  of  the  Permian  strata  500 feet ;  total,  say  between 
4,000  and  5,000  feet ;  and  possibly  iheu  you  might 
come  to  the  Coal-meaaures.  It  is,  however,  very 
possible  that  an  anticlinal  saddle  of  Millstone  Grit  or 
«Tm  oUot  stnttft  may  rise  tQ  th9  bfise  of  tb«  Per- 


mian or  New  Bed  strata  in  the  middle,  and  throv 
off  the  Coal-measnrcs  to  the  north  and  south.  There 
may  be  reasons  for  suspecting  the  existence  of  other 
aii^lar  anticlinal  aaddlea  in  this  vast  area,  which 
may  be  discussed  In  a  farth»  report. 

60a  (Mr.  Dkkinmm,)  If  the  surface  indicationa 
are  to  bis  any  guide  as  to  the  extent  of  die  coalfields 
that  are  overlaid  by  the  Secondary  rocks,  might  we 
not  expect  that  saddle  to  be  about  10  miles  east  of 
where  the  coalfield  dips  underneath  the  Permian  ia 
North  Wales,  and  that  the  coalfield  would  have  at- 
tained its  gr^test  depth  underneath  the  River  Dee?— 
I  would  not  undertake  to  say  ao.  The  next  Beclion,No. 
20,  runs  acroas  the  Vale  of  Clwyd,  over  Moel  Fam-|f'-'^ 
mau,  across  the  southern  part  of  the  Flintshire  coal- 
field,  and  the  plain  of  Cheshire,  8  miles  south  of  North* 
wich,  aud  by  Marton  to  the  east  side  of  the  plain  of 
Cheshire;  from  thence  acnws  the  Millstone  Grit 
and  the  Garboniferoua  Limestone  of  Dert^ahire  to  A» 
Goal  measures  of  Chesterfield,  and  the  S^^eaiaa 
Limestone  of  Bolsover,  and  tiie  New  Bed  Marl  of 
WeUow  Fafk.  This  aection  beghis  on  the  west 
on  the  Uppw  Silurian  Bocks,  from  thence  it  crasBes 
the  Vale  of  Clwyd  towarda  its  southern  end  aboot 
two  miles  north  of  Bntfain.  On  the  west  of  the  Vale 
of  Clwyd  the  Garboniferoua  Limestone,  about  20  feet 
thick,  dips  easterly,  and  lies  unconformably  upon  tbe 
Upper  Silurian  Bocks;  it  is  overlaid  by  the  New  Bed 
Sandstone,  which  forms  the  plain  of  the  Tale  of  Clwyd, 
On  the  east  the  Carboniferous  Limestone  again  rises 
from  underneath  the  New  Hed  Sandstone,  attaining  s 
considerable  thickness.  The  depth  of  the  New  BeA 
Sandstone  is  unknown,  but  I  do  not  think  it  probable 
that  Coal-measures  will  be  found  undemeatJi  it  my 
where  near  the  sonthem  end  of  the  valley.  From 
underneath  the  Idmeston^  Upper  Silurian  rodu  crop 
out  and  rise  to  a  hai^t  of  aboot  1,800  fiset  at  Mod 
Famman;  On  the  eastern  side  of  the  range  of  Sfod 
Fammau,  the  Carboniferous  Limestone  lies  nnoonfiniD- 
aUy  upon  the  Silurian  rocks,  and  attains  a  thickness 
of  about  1 ,800  feet,  being  overlaid  by  tho  Millstone 
Grit,  which  ia  here  stated  to  be  only  500  feet  in  thick 
ness.  I  doabt  that  statement,  but  it  does  not  a^ 
our  question.  Tbe  Coal-meaaures  which  overlie  these 
strata  are  here,  probably,  much  thinner  than  they  are 
in  the  Denbighshire  CMlfield;  but  this  may  be  decep- 
tive, and  due  to  i-epetition  by  faults  and  the  circum- 
stance that  a  large  portion  of  them  are  overlappeil 
by  the  New  Bed  Sandstone,  which  would  therefore 
lie  ou  a  lower  horizon  of  the  Coal-measures.  No  Per 
mian  rocks  are  known  in  this  part  of  Flintshire,  nor 
yet  between  C<mgleton  and  Macclesfield,  on  the  groond 
CTosaed  1^  the  section,  where  the  New  Bed  Mart  it 
brought  bv  a  fiuilt  against  the  Yoredale  roek^  whid 
underlie  the  Millstone  GMt  The  extreme  thiekaeM 
of  the  New  Bed  Sandstone  and  Marl  in  the  ooitre  of 
the  plains  is  estimated  at  3,600  feet,  and  undernettb 
these  Carboniferous  rocks  m^ht  probably  be  foaad. 
But  it  by  no  means  follows  that  these  Carboniferous 
rocks  would  be  Coal-measures.  By  a  reftrenee  to 
ihe  map,  yon  will  obsore  that  tlie  North  Staflfordsbiio 
ooalfield  enda  on  the  north  from  two  to  three  miles 
east  of  Congleton.  It  there  lies  at  its  north  end  in 
the  form  of  a  basin  or  rather  of  a  spoon,  the  small  end 
of  which  points  northwards.  Proceeding  from  thence 
about  seven  or  eight  miles  north,  the  Cheshire  coal- 
field sets  in,  immiediately  east  of  Macclesfield.  Near 
Maccleafield  the  general  strike  of  the  strata  is  east  and 
west,  and  finally  on  the  southern  outskirts  of  Maeclea- 
field  the  MUUtoiw  Grit  strikes  to  tbe  north-wsst, 
dipping  undo*  the  Coal-measures.  Under  thess 
cironmstancea,  between  Macclesfield  and  the  coootiy 
east  and  south-east  of  Congleton,  it  is  iiighly  probable 
that  on  the  west  aide  of  the  £uilt  which  throws  the  Nev 
Bed  Marl  against  the  Carboniferous  strata  you  would 
find,  not  Coal-measarea,  but  Yoredale  Bocks  and  Mill- 
stone Grit.  If  from  Uience  we  croas  the  plains  of 
Cheahire  to  the  North  Wales  ooalfield,  we  find  that,  ia 
oomiexion  with  &ults,which  partly  bound  the  Denb^- 
ahire  coalfield  on  the  north  and  the  Flintshire  cwl- 
w  thesoutbfthe  Uilhrtwe  Grit  «iidC«boBifero« 
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IdDiestone  somewhat  south  of  the  line  of  section  rise 
to  the  surface  with  an  approach  to  an  ^ast  an^  west 
Btrike,  and  tho  Coal-meaaures  of  the  Denbighshire 
coalfield  are  thrown  in  upon  the  south,  and  those  of 
the  Flintshire  coalfield,  much  faulted,  are  thrown  in 
upon  the  north  of  a  tract  of  Millstone  Grit;  Under 
these  circomstances,  when  Mr.  Hull  gave  his  evidence 
upon  the  probability  of  iinding  coal  under  the  Secon- 
dary strata,  he  thought  it  likely  that  an  aDticUnal 
axis  of  Millstone  Grit  and  Yoredale  Hocks  deep 
below  the  plains  of  Cheshire,  uniting  the  Millstone 
Grit  of  Hope  to  the  equivalent  T^wer  Carboniferous 
strata  between  Mnccle^eld  andCon^eton.  1  believe 
that  in  a  lecture  given  before  the  British  Association 
atBiniungharo,by  Mr.  Jnkes,  several  years  ago,  similar 
views  were  expressed,  accompanied  by  a  section  to 
illustrate  them ;  and  the  opinion  of  these  gentlemen 
on  this  point  seems  to  me  to  deserve  great  weight. 
Accordingly,  in  the  section  which  I  have  now  been 
explaining,  you  will  observe  that  the  Flintshire  coal- 
tield  is  made  to  thin  ont  underneath  the  Lower  Rod 
and  Mottled  Sandstone  near  Longley  Hill,  about 
six  miles  east  of  Chester,  and  the  Millstone  Grit  is 
drawn  as  rising  to  the  base  of  the  !New  Red 
Sandstone,  from  whence  the  MiUstone  Grit  and 
Toredale  'Bocks  are  continued  beneath  the  New  Red 
Series  for  a  broad  space,  whore  crossed  by  the 
section  between  Macclesfield  and  Congleton.  If  thia 
view  be  correct,  then  a  large  part  of  the  plains  of 
Cbeehire,  ibr  a  eonuderable  distance  north  and  south 
of  the  line  of  section  would  be  witlumt  Coal* 
measures,  and  I  am  not  prepared  to  say  that  this 
unproductive  ground  might  not  protrude  across  section 
No.  19,  towanls  the  centre  of  its  course  underneath 
the  New  Red  Marl.  Tho  total  thickness  of  tho  New 
Bed  Sandstone  and  the  Marl  in  this  area  may  be 
approximately  estimated  at  about  3,500  feet  where 
deepest. 

601.  The\i,  if  there  were  anything  in  these  sur- 
foce  indications  as  a  guide,  having  tho  termini 
tion  of  the  Flintshire  coalfield  at  about  six  miles 
east  of  Chester,  we  have  it  extended  about  four 
mites  furtho',  until  it  gets  to  the  high  land,  and  the 


greatest  depth  of  the  coalfield  really  would  be  just  in 
crossing  the  valley  of  the  Dee,  and  in  passing  on  the 
north  side  of  Chester  ? — I  conceive  that  there  is  no 
connexion  whatever  necessarily  between  the  occur- 
rence of  this  high  land  and  the  depth  of  the  Coal- 
measures,  or  their  occurrence  beneath  the  ground  at 
all.  These  escarpments,  which  are  the  high  land 
alluded  to  in  the  question,  are  of  exceedingly  Areqnent 
occurrence  in  the  New  Red  Swies.  Sometimes  they 
are  connected  with  coalfields,  and  sometimes  it  is  im- 
possible to  say  that  tliey  have  any  connexion  -with  them 
whatever. 

602.  If  the  surface  indications  were  any  guide, 
then  the  elevation  of  the  MiUstone  Grit  would 
extend  to  the  east  of  Chester,  and  take  a  sweep 
round  a  Jlttle  further  to  the  north  than  the  line 
of  section,  following  again  the  high  land  nntil  it 
joined  the  Millstone  Grit  neai*  to  Macclesfield? — 
Under  these  circumstances  I  cannot  see  the  di&rence 
between  the  high  grounds  of  the  Feckforton  Hills 
near  Runcorn  and  Delamere  Forest,  and  the  high 
grounds  to  the  south  in  Shropshire,  near  Ruyton, 
Lee  ■  Hall,  Grinsball,  Weston,  Bury  Walls,  and 
Hodnet,  In  all  these  places  there  are  hilU  and  hilly 
ground,  havmg  the  same  featured  as  those  to  which 
you  attach  considerable  importance,  as  showing  the  pro- 
bable boundaries  of  the  coalfield  under  the  ground  ; 
and  to  my  mind  they  8im|dy  indicate  aocid^te  con- 
nected with  denudation  in  a  &nlted  counlij,  the 
strata  of  which  were  partly  hard,  and  there&re  formed 
distinct  scarped  hills.  Their  conneximi  with  the 
strata  below,  beneath  the  whole  of  the  New  Red 
Sandstone,  and  in  some  cases  also  the  Permian  rocks, 
seem  to  me  to  throw  no  iif^ht  on  the  midergnnuid 
distribution  of  coals. 

603.  Instead  of  this  denudation  being  accidental, 
as  you  have  snf^sed,  I  incline  to  think  that  it  was 
guided  by  some  law  ? — ^I  used  the  word  "  accidental' 
in  the  strictest  sense.  There  is  nothing  accident^ 
in  nature.  There  are  things  that  are  l<^caUy 
called  accidents."  In  the  vnl^  sense  the  word 
has  a  difierent  meaning.  I  do  not  mean  that  "aG<^- 
dente  "  have  no  guiding  rule. 


Be9 

Prof.  A.  a 
SS  Jane  18M. 


Ac^ourned  lo  To-moiTow  at  1  o'clock. 


D.— I4j&  MeeHng,  Tuesday,  2Zrd  Jwm  I8G8. 

PitESENT ;  Sir  Rodebick  Mubchisom  (in  the  chair) ; 

2.  Mr.  Clabe;  3.  Mb.  Diceimsok;  4.  Mb.  G&ddes;  5.  Mb.  Paestwich;  6:  FBorsssoR  Ramsat; 

7.  Mb.  Best. 

Professor  RamsAy  continued  liis  evidence  in  ezphination  of  the  sections  exhibited  in  the  theatre, 
and  which  formed  the  subject  of  his  evidence  at  the  last  tiiree  meetings. 


Professor  Andrew  CROUDrB  RAMSAt  ftirthet*  examined. 


604.  {Prt^eamr  Banuay.')  I  will  resume  where  I 
left  off  yestor^y  with  a  description  of  Section 
>,  No.  20.  I  partly  described  this  section,  which  runs 
from  tile  Vale  of  Clwyd,  over  the  Flintshire  coal- 
field and  the  plains  of  Cheshire,  to  the  carboni- 
ferous rocks  of  Derbyshire,  and  from  thence  across 
the  Derbyshire  coalfield,  the  Magnesian  Limestone, 
and  the  New  Red  Sandstone  on  tho  east.  In  the 
middle  of  the  section  a  branch  runs  off  from  it  to  the 
north-east,  across  the  New  Red  Mori  and  Sandstones, 
to  the  coal6eld  of  Lancashire  through  tho  Manchester 
coalfield.  I  need  not  recapitulate  the  reasons  which 
led  some  members  of  tiie  GJeological  Survey  to 
anppose  it  probable  that,  towards  the  middle  of  this 
section,  underneath  the  New  Red  Marl  and  Sand- 
BtuMS,  a  saddle  of  Millstone  Grit  and  Yoredale 
rocks  rises  igainst  the  overlying  nnronfonnable 
Strata,  so  as,  probably,  to  throw  ^  tike  Coal-measures 
1848S.     You  Hi  3 


on  the  south'  and  on  the  north  In  a  broad  anticlinal 
curve.  By  reference  to  the  part  of  the  section  de- 
scribed in  yesterday's  evidence,  and  which  is  mailed 
20,  it  will  be  seen  that  tho  line  of  section  is  partiy 
underlaid  by  unproductive  carboniferous  rocks  ci 
older  date  than  the  workable  Coal-measures.  The 
other  branch  of  the  section,  21,  which  runs  to  the  S«e.Sl,n.  4. 
north-east,  is  also  considered  to  be  partly  underlaid 
by  unproductive  strata,  which  dip  northerly,  and  let 
in  the  Coal-measures  above,  below  Marston.  In  the 
neighbourhood  of  Manchester  the  workable  Coal- 
measures  rise  from  underneath  the  Permian  strata, 
which  Permian  strata  are  overlaid  by  various  forma- 
tions of  the  New  Bed  Sandstone  and  Marl.  Accord- 
ingly, these  Coal-measares  have  been  continued,  as 
shown  in  the  Section  No.  21,  underneath  the 
Permian  Btrata^  and  the  overlying  secondary  forma* 
tions.    It  is   impossible,  in   my  opinitm.  even 
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Bf^iroximataljf  to  detmnine  the  point  where  the 
MUlBtone  Grit  may  lie  against  tJie  base' of  the  New 
Bed  Sandstone  strata,  if  it  rises  at  all  in  that  way ; 
91  Jane  1&68.  ^id  this  wedge-shfi,ped  mass.of  Coal-measures,  as  far  as 
its  actual  ppsition  goes,  is  drawn  merely  hypotheti- 
cally.  ^Somewhere  or  otiier  south-west  of  the  out-crop 
ef  the  Coal-measures  this  must  take  place,  if  the  assumed 
bank  of  Millstwe  Grit  be  granted  ;  and  the  drawing 
in  20  and  21  is  intended  as  an  approximation  to  the 
possible  state  of  afiairs  nnde'rground.  That  the  Coal- 
measures  M-e  likely,  however,  to  extend  to  a  very 
considerable  distance  to  the  south-west,  is,  I  think, 
rendered  probable  by  the  circumstanoe  that  the  Man- 
chester coalfield  is  of  very  great  tluckness  in  the 
neighbourhood  of  Manchester.  I  cannot  eslimate  it 
attlesa  than  about  6,600  feet  ftom  the  tojimbst  known 
strata  of  Coal-messurea  in  that  r^on,  down  to  the 
Millstone  Grit  This,  of  course,  injudes  the  Ganister 
beds  or  the  lower  Coal-measures.  Therefore  snch  a 
vast  mass  of  Coal-measures  dipping  steadily  to  the 
south-west  and  south  is  in  my  opinion  likely  to 
extend  for  a  very  considerable  distance  underneath 
fite  overlying  unc<Afonnable  strata,  viz.,  the  Pmnian, 
New  Red  Sandstone,  and  New  Red  Marl  j  and  I  do 
not  think  that  it  would  be  beyond  the  limits  of 
probability  that  it  should  be  continued  approximately, 
in  the  manner  drawn  upon  the  section,  between 
Nortbwieh  and  the  northern  outcrop  of  the  Lower 
Bieuper  Sandstone.  Jf  this  be  the  case,  or  ap- 
pnudmatdy  the  oase,  then  undqmeatii.  the  New  Bed 
l&ii  Hen-  Bovden  tiie  depth  to  the  Coal-measureB 
Wdnld  be  idMmt  8,000  feet,  and  of  that,  approximHtriy, 
aboM  800  to  1,000  (irat  would  be  New  Bed  Marl^ 
aboat  2,000  feet  would  be  the  Lower  Keuper  Sand- 
stone and  the  New  Bed  Sandstone  proper  ;  and  500 
or  600  feet  of  the  Permian  rocks  might  lie  below, 
fuid  .then  you  would  reach  the  Coal-measures.  \ 
have  nothing  more  to  say  about  this  section,  but  I 
shall  be  glad  to  answer  any  questions  which  you  may 
wish  to  put. 

605.  {Mr.  Geddes,)  With  regard  to  those  faults 
which  are  represented  upon  that  section,  are  they 
ascertained  in  point  of  fact  as  very  nearly  in  the 
position  in  which  th^  are  there  represented  ? — Yes. 
These  fiuilts  are  not  proved  faults  in  coal  workings, 
but  they  are  proved  by  geolc^cal  reasoning. 

606.  In  certain  other  portions  of  the  section  there 
are  no  faults  represented ;  is  tbere  any  reason  for 
that  ? — ^The  country  Is  so  covered  with  drift  that 
it  is  impossible  to  find  out  whether  there  are  faults 
or  not.  At  the  same  time,  if  there  are  faults,  I  think 
that  they  would  not  be  so  large  as  to  affect  my 
argument.  100  feet  or  200  feet  here  or  tbefe;  would 
probably  be  about  the  amount  of  these  faults.  In 
other  parti^  of  the  section  faults  are  known,  but  their 
existence  would  not  affect  the  large  ailment  as  to 
this  possible  bank  of  Millstone  Grit  rising  in  the 
centre.  When  you  are  deding  with  thousands  of 
feet  in  search  of  Coal-measures,  lOO  or  200  feet  more 
or  less  is  no  great  matter. 

607.  (Mr.  Dickinson.)  If  those  aur&ce  indications 
upon  which  I  have  laid  some  stress  were  to  be  any 
guide  as  regards  that  section,  instead  oif  the  bank 
«f  'M!llBt(me  Grit  rising  tip  to  the  secondary  rocks 
at  Northirich,  it  would  not  rise  up  until  yon  got 
about  five  or  six  miles  south- west  of  Northwich  at 
the  Delamere  Hills  ? — I  have  no  'objection  to  that 
statement 

608.  In  entering  the  Lancashire  coalfield  there  is 
a  Steady  rise  of  ground  just  until  the  Coal-measures 
crojT  out.  That  is  shown  by  your  section  ? — Itere  is. 
a  very  gentle  rise. 

609.  Continuing  the  section  forward,  the  surface 
eontinues  to  rise  until  the  lower  Coal-measures  crop 
out,  and  throughout  the  whole  of  Lancashire  there  is 
not  a  single  instance  where  any  higher  seam  than  those 
in  the  v«t  lowest  portion  of  the  middle  coalfield 
ever  reach  high  ground.  Do  not  your  seMims  show 
that  ? — On  Gl^wlch  Low  the  .middle  Cod-measures 
attain  a  height  of  745  ieetj  but  middle  and  upper 
Ooal-ineMlireB  generally  lie  low  in  liie  Lancashire 


coalfield.  This  is  an  accident  of  cnrnUore  fiultii^ 
and  denudation  of  the  strata,  for  the  middle  and 
upper  Coal-measures  once  covered  the  Iowa-  beds 
that  now  fwm  the  higher  ground  on  the  east. 

(Mr.  ZHckinson.)  I  think  the  surface  indicadons  are 
really  in  some  way  connected  witb  the  underlying  rocks. 
Mr.  Gieddes  states  that  he  has  observed  the  same 
fact  with  regard  to  the  Scotoh  coalfields.  I  can 
mention  places  in  Scotland  which  I  know  personally 
where  I  have  seen  the  same  facts. 

(Mr.  Geddes.)  I  think  that  my  i-emack  yesterday 
was  to  a  di^rent  tendency.  It  was  to  tfds  e&el, 
that  if  you  speak  of  where  you  find  the  lowest  por- 
ti(His  of  any  coalfield,  the  deepest  parts,  and  the 
fi^eatesf  thicknees.  of  coal,  I  indicated  particdarly 
two  cases,  one  in  the  connQr  of  Mid  Lothian,  where 
the  deepest  secUon  of  coal  is  to  be  found  nnder  the 
bed  of  the  river  Esk,  «id  other  in  the  coon^ 
of  Chwkmannan,  where  the  deepest  seotions  of  the 
oooU  are  to  be  fiiund  under  the  bed  of  the  river 
Devon.  But  I  did  not  go  into  the  question  of  what 
e^ct  was  to  be  indicated  hy  tite  hig^  grounds. 

(Mr.  Dickinson.)  In  one  part  of  what  I  am  en- 
deavouring to  press  upon  you  we  are  agreed,  namely, 
tiiat  the  deepest  Coal-measures  are  generally  found 
on  the  lowest  ground,  and.  I  go  fiutiier,  and  say  that 
the  upper  Coal-measures  are  rarefy-  fbnnd  npon  hi^ 
groand.  . 

(Professor  AofliM^.)  The  whole  ai^nment  seems 
to  me  to'  be  one  npm  a  p<nnt  of  eleiaentary  getdogy, 
which  you  will  find  trotted' o^  with  regajnd  not  to 
Coal-measures  alone  but  to  all  other  strata,  .from  the 
earliest  edition  of  Lyell's  memmts  of  Geol^  down- 
wards, namely,  th»t  riven  are  apt  to  rise  on  high 
ground,  wfait^  is  often  formed  by  llie  outcrop  cS 
the  lower  members  of  a  disturbed  series.  If,  as  in 
the  present  case,  between  Lancashire  and  Wales,  the 
series  be-  thrown  into  a  great  synclinal  curve,  the 
newer  beds,  and  therefore  the  thickest  part  of  the 
series,  will  occur  under  the  plain,  and  the  rivers 
running  from  higher  to  lower  ground  will  therefore 
run  frcHn  lower  to  higher  strata. 

610.  (Mr.  dark.)  Do  you  connect  the  configura- 
tion of  the  surface  with  the  minerid  contente  of  the 
earth  ? — Certoinly. 

611.  Is  there  any  reason  why  because  a  coal  seam 
is  in  a  particular  place  the  configuration  of  the  snr- 
foce  should  be  higher  or  lower  ? — ^Not  necessarily  in 
all  cases,  but  I  gathered  from  what  Mr.  Djckinsoo 
said  that  in  this  case  the  deeper  coal  seams  were 
found  in  the  lower  gnnind. 

(Mr.  Dickinson.)  That  is  so  almost  invariably. 

(Professor  Bamsay.)  They  are  in  the  lower 
ground,  because  of  the  disturbance  of  the  strata 
which  threw  the  Coal-measures  into  anticlinal  and 
synclinal  curves  ;  and  as  I  have  explained  over  and 
over  again  since  this  Commission  began  to  sit,  the 
Coal-jaeasures  were^  greatly  saved  from  denudation 
in  the  synclinal  curves,  and  therefore  you  find  cosl 
in  the  bdlows. 

612.  (Mr.  Prestwich.)  I  think  that  the  great  questifm 
which  we  have  to  consider  in  these  sections,  which  is 
a  very  important  one,  is  the  question  with  regard  to 
the  probability  of  some  of  the  centaral  parts  of  Cheshire 
being  underlain,  not  by  productive  Coal-measures  bat 
by  Millstone  Grit  ?— Yes. 

613.  The  point  for  our  consideration  is  npon  wltit 
probability  that  assumption  reposes.  It  reposes,  I 
think  you  say,  upon  the  strike  of  the  older  rocks  on 
the  two  sides  of  the  Cheshire  plains.  I  should  like  to 
ask  Whether  the  strike  'is  of  that  marked  character 
that  you  can  get  a  continued  prolongation  to  tbe 
eastward  and  to  the  westward  under  the  New 
Red'  beds ;  or  whether  it  does  not  rather  appear 
to  be  of 'a  mere  local  character,  so  that  when  yon 
go  a  little  way  to  the  ea&t  the  rocks  resume  ^eir 
sbike  northward  and  southward,'  and  the  same  u 
this  dit*e6U<Ai  (pdhting  to  tke  ffMU>);  whether,  in 
fact,  these  rocks  dD  not  generally  take  a  north -wert 
and  south-east  strike,  and  not  an  east  and  west  strikf. 
Thi«  fi!  1ih0  fiMi-polnt?-^B&;  FraMwich'squesUoii  is 
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ezeeedlagly  to  the  purpose,  a6d  ift  my  opinioB  it  is 
possible  that  nearly  the  whrie  of  tiie  teea  beneath 
the  Cheshire  plain  May  be  undertaSn  t^Ooal-measuros. 
At  the  same  time  I  think-  it  is  safer  to  ootisiddr  that  the 
balmce  of  probabilitjes  i»  somewhat  in  tbe  otiier  direc- 
tion. It  is  true  that  tbe  arrerage  strike  of  the  Carbon- 
iferoas  rocks  ofKor^  Wales  and  of  Derbyshire  is  north 
and  south,  but  iqcludingia  aamber  o£  undulbtijQts  and 
buin-shaped  boUows.  SmaU.eoaliieUs  lie  in  basins  of 
Mill  stone  Grit  and  Yoredale  rooks. .  Forexani^=if 
you  ezaqiiae  the  country  between  the  booodiuy  of 
the  Limestone  and  the  area  iDcwu-  Macdesfiold,  yau  wUl 
find  &nr  basins  eicoMii^gly  mU  marked  by-^.  thVee 
vr  foor  Millstone  Grits  sepanted  shales,  all  of 
which  vrere  mapped  far  the  pnrposa  of  mjuiking  oat 
these  peoujiuitiee  of  atnictore.  Whm  yon  examine 
the  North  Staffordshire  coalfield,  you.  find  the  Mill- 
stone Grit  dipping  to  the  west  on  its  eastern 
boundary,  and  to  the  south-cast  on  its  western 
boundary.  The  New  Red  Marl  is  faulted  gainst 
CaTboniierous  rocks  nearly  as  iow  at  one  point  as 
the  Carboniferous  Limestone  itself.  At  a  spot  about 
three  miles  south  of  Ckingleton  tfaere  is  a  small 
quany  of .  Liowstone  brouj^t  up  in  the  midst  of 
nmlt^  which  belongs  to  Sir  Philip  Egerton.  K 
you  go  to  'the  nor&,  and  examine  the  coalfield 
near  Maoolesfield,  you  find  the  MiUstooe'  Grit 
on  the  eaat  of  tt  dipping  west.  At  th6  south 
end  of  it  you  find  it  dipping  north,  and  close  to 
Hacdesfield  it  dips  north-east»  as  if  this  were  the 
end  of  another  basin, .  the  continuation  of  which 
having  an  eastern  dip,  is  concealed  by  tbe  seccmdary 
rocks.  Therefore,  under  these  ciTcumetances,  one 
may  sa&ly  conclude  that  the  probabilities  are  in  ' 
favour  oi  the  View  that  the  nnprodncliTe-Oarbonife- 
rous  rocks,  wfaieh  abut  npon  the  new  Red  Marl, 
oontinae  fbr  a  considerable  distance  tq  the  west 
beycmd  the  fault ;  and  this  eontinoation  to  the  west 
haa  been  connected  by  Mr.  Jukes  and  Mr.  Hiill  with 
the  Millstone  GMt,  ih  a  i  broad  band  between  the 
Denbigb^ire  and  Flmtshire  coalfields^  into  tbe  plains 
east  of  Hope.  At  the  same  time  ^e  space  is  00 
■great  tibat  he  would  be  a  bold  man  who  would  say 
that  neoessuily  there  tan  Millstone  Grit  and  Yora- 
dale  rocks  all  the  way  acnps  finom  86  to  ^  miles 
immediatdy  beneath  the  Trias.  In  such  a  broad  area 
there  may  be  many  distinct  minor  basins  of  Coal- 
measures.  I  feel,  however,  quite  satisfied  that  to 
the  west  of  the  fault  which  bounds  the  Carboniferous 
rocks  between  Congleton  and  Macclesfield  it  is  almost 
a  dead  certainty  that  no  productive  Coal-measures 
will  lie  for  a  considerable  distance, 

614.  Do  you  know  of  any  attolagous  case  in  any 
part  of  this  district  of  an  oast  and  west  strike  aflFect- 
mg  the  older  rocks  to  so  great  an  extent  as  that,  and 
is  not  the  strike  almost  invariably  in  the  other  direc- 
tion, tbe  exceptions  being  very  small  local  ones,  snoh 
as  you  have  pointed  out  iu  Derbyshire  ?  I  know  my- 
self of  no  important  one,  until  you  get  down  so  far  south 
as  the  Mendip  Hills,  which  have  an  east  and  west 
strike.  Also,  if  Mr.  Brestwich  will  carry  his  eye  a  littie 
further  north,  namely,  to  the  north  end  of  the  Lanca- 
shire CMtlfield,  bo  will  find  that  the  MilUt<me  Grit, 
the  Yoredale  rocks,  and  the  Carboniferous  Limestone,  idl 
curve  round  so  as  to  make  a  north-east  and  south- 
west strike,  and  I  see  no  great  difficulty  in  a  similar 
strike  taking  place  through  tho  centre  of  the  country 
between  Macclesfield  and  the  Welsh.cpalficlda;  it  is 
not  so  very  obvious,,  but  it  is,  quite  witliin  the  limits 
of  probability.  Under  any  eiroumstances  the  depth 
to  the  Coal-measures  or  Millstone  Grit,  as  the  case 
may  bej  is  eO  great  that  it  will  be  a  long  time 
before  any  one  thinks     proving  it. 

615.  {Mr.  DickinSfm.)  Whether  there  be  this  ridge 
or  not  there  can  be  rfo  question  that  there  \a  an 
immense  coalfield  there  overlaid  ?— Th^o  can  he'  no 
question  that  the  coalfields  j>asd  weR  under  the  ncw^r 
strata,  '  . 

616.  Does  not  the  decided  dip  'of  tho  Coal-measures 
iu  the  neighbourhood  of  St.  Helen's  to  the  east  tend 
to  show  that  tiie  basin  Is  curving  round  ? — It  does. 
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'  ei7v  {Mr.  Prestwich.)  I  think  yon  asy  that  there 
is  a  fault  in  this  direction  «M'titward  and  southward 
(pointing  to  the  seotiou)  ? — ^Yes. 

{Mr.  j^esiwith.)  It  seems'to  mo  that  ^lis  is  oue  of 
the  cases  of  similu-  strike  to  those  of  Wenlock  Edge 
and  the  Wrekin.  I  -should '  be  disposed  to  assign  to 
this  ridge  limits  mueh'  more  narrow  than  Mr.  Hull 
or  thoao  gentlonen  oosinected  with  the  Survey  would 
be  disposed  to  do.  Xhesa  is  no  doubly  from 'what 
FrofissHH-  Ramsay  has  told  ns,  ihat  there  is  a  large 
development  the  Millstone  Grit  immediately  below 
the  Sandstone,  but  I  myself  should  be  disposed 
to  restrict  that  to  a  very  limited  ai'ea,  and  I  should  not 
carry,  it  to  the  extent  which  these  gentlemen  have 
done  underneath  the  plains  of  Cheshiiis,  and  therefore 
I  should  demur  to  that  part  of  those  sections.  The 
New  Bed  Sandstone  must,  however,  be  exceedingly 
thick  there. 

{Profe$3or  Ramsay.)  I  think  that  Mr.  Prestwioh's 
view  may  be  as  good  as  the  other,  and  the  cblourii^ 
which  is  put  upon  tiiese  particular  parts  of  these 
particular  sections,  Ininging  Millstone  Grit  up  to  the 
base  of  tbe  Kew  Red  Sandstone,  is  dmwn  m  Ihat  way 
because  I  bowed  to  the  opinion  of  m^  colIeagQes,  ndio 
I  thought  were  as  good  judges  as  myse^  on  the 
subject. 

{Mr.  Dickinson.j  Am  I  to  undemtand  Mr.  Prest- 
wich that  he  would  disregard  the  question  of  the 
height  of  the  ground  ? 

{Mr.  Prestmch.)  The  question  of  the  height  of  thjB 
ground  depends  upon  two  causes.  Although  in  some 
cases  the  depth  underground  may  be  coincident  with 
surface  defH'essiou,.  it  is  not  a  law  which  you  ,cap 
adopt  and  follow  a«  a  guide.  Ther^ore  I  should  in 
all  cases  discard  the  question  of  surface  elevations, 
and  look  merely  to  the  Btnke,  dip,  and  position  of  the 
rocks  themselves  ;  and  I  should  reason  npon  that,  and 
not  upon  what  is  more  an  abstract  and  special  view. 
My  belief  ia  founded  ,npon  the  circumstance  th^  iu  -all 
this  area  the '  main  strike  of  all  the  great  ridges  of 
rocks  is  either  nm-tb  and  south,  or  north-east  and  sonti^- 
west. 

{Mr.  Dickinson.)  And  that  is  oonfilied  to  the 
secondary  rocks  as  well  as  to  the  primary. 

{Mr.  Prestwich.)  It  principally  affects  all  the 
paUeozoic  rocks.  Of  course  there  are  minor  dis- 
turbances, but  that  \i  the  main  direction  of  all  the 
older  and  palaraeoib  rocks.  I  wil!  tiao  observe  'as_>a 
circumstance  to  which  Professor  Ramsey  drew  inj|r 
attention,  that  the  strike  of  the  rocks  nmiSi  of  this 
coalfield  appear  also  to  be  north-east  and  eouth-west 

{Professor  Ramsay.)  That  is  the  westerly  curve  of 
a  great  basin  ;  and  great  basins  are  apt  to  be  divided 
into  smaller  ones,  and  the  hypothesis  is,  that  one  of 
these  dcviairas  mns  as  shown  in  the  sections. 

(JHfr."  PresHoich^  I  would  therefore  snp^st  that 
that  alteration  should  be  made  in  that  portion  of  the 
sections.  ' 

{Professor  Ramsay.)  It  strikes  me  that,  if  it  is 
decided  upon  to  publish  'these  sections  on  a  reduced 
scale  for  the  benefit  of  the  public  through  the  Coal 
Commission,  upon  debatable  points  of  this  kind  it 
would  be  wise  lo  give  both  views  and  to  give  dupli- 
cates of  these  Ints  of  the  section.  I  thmk  that  it  is  the 
most  convenient  thing  to  give  both  views,  and  to  let 
people  judge  for  themselves. 

{Chairman.)  I  would  merely  mak^oae  observation, 
namely,  that  upon  the  point  to  which  Professor 
Ramsay  called  attention  the  other  day,  when  he  was 
considering  the  unproddctive  strata  south  of  Derl^- 
shire,  and  in  that  area  I  have  said  that  it  might  be 
possible  for  Professor  Ramsay  and  the  Survey  officers 
to  estiAiate  very  amXy  ai^ximat^  tiie  area  of 
that  posrihly  improdnotive  tract.- '  -  Witii  r^ard  to 
the  tract  which,  has  just  bem'  alluded  to,  -  the  Snrv^ 
would  never  underlie  to  point_  outj  In  the  -same 
manner  as  they  would' south  of  Derbysbir^  what 
thoy  (Mmsider  to  be  theoretically  the  unproductive 
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tract  of  the  gi'eat  Cheshire  plain, 
it  to  the  north  and  south. 

{Mr.  Prettwich.)  I  think  that  the  plan  proposed 
hy  Professor  Raul  say  is  quite  safficient  to  show  the 
pablio  that  different  opinions  are  held  by  other 
geologists.  If  therefore  you  would  add  that  to  that 
part  of  the  section,  I  should  be  satisfied. 
{ProfestOT  jRaauay.)  I  should  be  anxious  to  do  it. 

618.  (Chairman,)  Will  you  proceed  with  your 
8ee.  ss,  Fl.  0.    description  of  the  sections  ? — Section  No.  22  is 

drawn  from  Bowden  in  Cheshire  on  the  west  to  Hurst 
Moor  iu  Derbyshire  on  the  east,  by  Didsbury, 
Stockport,  Bradbury,  and  Compstall.  The  eastern 
half  of  this  section  consists  of  Yoredale  rocks,  Mill- 
stone Grit,  and  Lower  Coal-measures  or  Gauister 
beds.  At  Bredbuiy  the  higher  strata  come  in  above 
the  Ganister  beds,  and  immediately  afterwards 
the  Permian  rocks  are  faulted  against  what  may  be 
called  the  middle  Coal-measures.  This  Hue  of 
section  joins  section  No.  21  near  Altrincham  ;  and 
the  Fwmian  strata  round  the  borders  of  the  coal- 
field to  the  north,  thinning  out  very  much  as  you 
proceed  westward,  it  is  considered  probable  that 
that  thinning  would  commence  in  the  area  crossed 
by  the  section.  I  have  no  means  of  discovering 
wliether  or  not,  on  the  west  side  of  the  boundaty 
fault,  upper  CoaJ-measures  would  be  thrown  in  and 
lie  beneath  the  Permian  strata ;  but  the  uncon- 
formity between  the  Permian  strata  and  Coal- 
measures  is  so  great,  that  I  doubt  very  much  if 
anything  like  Upper  Coal-menaures  would  be  found 
nndemeath  them.  As  far  as  the  Greological  Survey 
have  been  able  to  estimate  the  overlying  rocks  beyond 
Northenden,  the  extreme  thickness  of  the  New  Red 
.Sandstone  and  Marl  is  about  2,500  feet.  Beneath  that 
^ere  might  be  irom  500  to  700  feet  of  Permian  strata. 
The  New  Bed  Mart  there  is  estimated  at  about  600 
feet  tiiiek.  The  Red  Sandstone,  consisting  of  the 
Pebble  or  Conglomerate  beds  and  Upper  Bed  and 
Mottled  Sandstone,  would  be  aboat  1,600  feet  thick, 
and  tike  Lower  Eeuper  Sandstone  about  400  feet. 
I  have  nothing  further  to  say  on  this  section.  I  am 
unable  to  form  an  opinion  as  to  what  Coal-measures 
would  be  found  underneath.  I,  however,  thii&  that 
it  is  most  probable  that  for  some  distance  to  the 
south-west  tiio  more  you  would  get  into  the  higher 
and  more  profitable  Coal-measures. 

619.  {Mr.  Gedde$,)  Would  not  that  depend  a  good 
deal  upon  the  easternmost  large  fault?  Would  not 
the  probability  or  improbability  turn  very  much  upon 
the  extent  of  that  fault  ? — Yes. 

620.  There  are  moro  Coal-measures  further  to  the 
west ;  are  they  ascertained  ? — They  are  not  ascei*- 
tained  by  any  workings  ;  they  are  ascertained  by 
mapping  the  geology  of  the  cotmtry. 

621.  (Jffv  DicHtuoH.)  May  not  some  of  these 
faults  which  are  shown  upon  the  sections  be  confined 
to  the  aeeondai^  strata,  sad  not  go  down  to  the  Coal- 
measurw  ? — ^It  is  impossible  in  these  cases. 

622.  Have  you  not  seen  instances  where  the  faults 
only  run  through  the  Coal-measures,  and  are  not 
continuous  up  through  the  secondary  rocks  which  are 
overlying  ?— -Often.  If  there  is  a  firacture  in  the 
Coal-measures,  and  which  does  not  pass  thi-ough  the 
seconduy  rocks,  the  common  reading  is  that  the 
ftactura  took  {dace  before  the  deposition  of  the  over- 
lying strata^  and  these  thmgs  are  of  very  frequent 
occurrence.  I  shall  have  one  of  that  kind  to  show 
in  to'day's  evidence. 

623.  Is  it  your  opinion  that  whenever  there  is  a 
fault  in  the  overlying  strata  it  will  be  continuous  down 
into  tbe  Coal-measares  ? — Yes  ;  if  it  is  a  feiilt  of  any 
considerable  magnitude. 

624.  {Mr.  C^edda.)  Are  there  not  small  fiults  in 
the  lias  im  the  Glamor^inshire  coast  which  do  not  go 
down  to  the  underlying 'strata  7 — Yes. 

625.  They  are  very  small  ?— Yes. 

636.  {Mr.  DkHiuoiL)  Going  back  to  tlte  section 


before  this  one,  do  yon  think  that  all  the  Coal-mei- 
snres  on  tiie  southem  side  of  tbe  Lancashire  coal- 
field dip  underneath  the  Permian  strata,  mi  are  not 
cut  off  by  any  fault  ? — In  some  parts  they  ai-e  cut  off 
by  a  fault,  and  in  some  parts  they  are  not ;  but  as  a 
general  rule  they  dip  underneath  directly  mthout 
faults.   It,  however,  is  not  ^miversal. 

627.  And  dipping  at  as  great  an  angle,  or  a  sUghtij 
greater  angle,  tiian  the  overlying  rocks?— Yes.  Thit 
is  what  <me  would  e^)eot  where  there  is  an  lucon- 
formity  betwem  two  fimnations.  It  is  not  unirena}, 
hat  it  is  a  general  rule  under  these  ^rcomstances.  I  j 
will  now  rdbr  to  Section  28,  which  rona  from  west  lo  ^ 
east,  from  the  New  Red  Sandstone  of  DoghiU  Green,  yiC  \ 
Cheshire,  across  thePoynton  coalfield,  and  part  of  the 
lower  Coal-measurm  of  the  Goyt  trough  west  of  Hay-  | 
field.  On  the  western  part  of  this  section,  as  in  the 
last  described,  the  Fermian  strata  are  faulted  against 
the  middle  part  of  the  Coal-measures,  whioh  dip  \rm 
and  abut  upon  the  fiiult.  This  section  has  mily  been 
continued  about  one  mite  into  the  pluns  od  the 
western  side  of  the  coalfield,  and  the  Permian  stmt 
are  there  overlaid  by  the  Pebble  beds  of  the  New 
Bed  Sandstone  which  are  believed  to  have  a  thick- 
ness of  from  100  to  300  feet  where  crossed  by  tbe 
section.  Bdov  them  the  thidcness  of  thePennim 
strata,  as  far  as  I  know,  has  never  been  ^proved,  but 
approximately  it  has  been  estimated  by  the  Gcf^t^Kal 
Survey  at  about  850  feet.  These  formations  are  in 
this  neighbouriiood  covered  by  deep  drift,  of  100  feet 
or  more  in  thickness.  The  probabilities  are  that  if  the 
section  were  continued  further  west,  and  if  borings 
or  shafts  were  made  to  a  sufficient  depth,  the  Coal- 
measures  would  be  found  extending  under  the  secoD- 
daty  and  Permian  strata  for  a  very  considerable  distance, 
and  higher  beds  might  appear  than  any  of  the  Coal- 
measnre  strata  which  are  exposed  at  the  scr^Ke  in  the 
line  of  section.  Section  No.  24  is  an  offshoot  of  sectioo  §«.!(, 
No.  21,  near  Manchester,  from  Manchester  by  Dakin-R.i 
field  to  Tintwhistle,  and  the  Coal-measures  crossed 
by  the  two  sections  are  approximately  of  tbe  Bune 
thickness.  From  the  base  ot  the  Permian  strata  to 
the  Millstone  Grit  the  thickness  of  the  Coal-measores  a 
estimated  at  6,600  or  6,700  ftet,  and  it  coDtaim,  I 
believe,  all  the  known  coab  of  any  importance  in  dte 
.district. 

Taking  the  coalfield  on  the  west  of  Dnkinfield 
between  that  colliery  and  Audenshaw,  the  Permian 
strata  lie  directly  upon  upper  Coal-measures.  Then, 
towards  the  southern  end  of  the  small  Manchester 
coalfield,  there  is  a  fault  throwing  in  the  Pennian 
strata  and  the  New  Bed  Sandstone  against  the  edge 
of  the  Manchester  coalfield.  The  amount  of  ^ 
throw  of  this  fault  may  be  roughly  estimated  ^ 
1,600  f^.  The  Permian  strata  on  the  eastern  dde 
of  that  fault  are  probably  about  from  400  to  SOO 
feet  thick,  and  the  Pebble  beds  of  the  New  Red 
Sandstone  overlying  the  Permian  rock  are  about  the 
same  thickness.  On  the  west  side  of  the  fault  the 
Coal-measures  dip  westwards,  and  contiun  certain 
well-known  beds  of  coal,  which  it  does  not  belong  to 
my  part  of  the  subject  to  describe.  On  the  western 
side  of  this  patch  of  Permifm  rocks  the  Cral-measum 
are  about  half  a  mile  in  width  where  crossed  by  tbe 
section ;  the  Permian  rocks  again  overlie  the  Coal- 
measures  unconformably,  and  are  themselves  unroo- 
formably  overlaid  by  the  Pebble  beds  of  the  New  Red 
Sandstone.  The  whole  dips  wesl^  and  is,  ondoubtedl;, 
underlaid  by  Coal-measares  to  tiie  extreme  westeni 
end  of  the  area  illustrated  by  this  section  and  21. 

The  next  section  is  No.  25.  Its  direction  may  be  Set  ^ 
described  as  a  section  from  south-west  to  north-east,  Pi- ^ 
frvm  Soreton  Heath,  near  Lymm,  in  Cheshire,  on  the 
south-west,  to  the  vale  of  Todmorden,  Lancashire,  on 
the  north-east,  by  Partington,  Patricroft,  Newtown, 
Whitefield,  Heywood,  and  Rochdale.  Towards  the 
northern  end  of  the  section  the  country  is  composed  of 
Millstone  Grit  and  Ganister  beds  or  lower  Cosl- 
measurcs,  dipping  south-westerly.  These  Ganii^ter 
bedsy  for  a  considerable  distance,  are  repeated  over  aoi 
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over  Hgain  hy  faults.  And,  new  Holyneux  Brov,  a 
higher  part  of  die  Coat-meaaares  dips  flomewbat  unccm- 
fomtabfjr  under  the  Permian  rocks.  About  two  miles 
south-west  of  this,  near  Swinton,  the  Coal* measures 
which  have  been  brought  up  by  a  fault,  again  pass 
under  the  Permian  rocks,  wMch  here  lie  on  a  higher 
pai't  of  the  Coai-meBSureB  than  they  do  it  Molyneux 
Brow.  Beneath  Monton  Green  the  Coal-measures 
ure  agaio  brought  up  by  a  fault  to  the  surfioce,  and 
Again  dipping  sondt-weaterly  pass  underneath  the 
Peimian  rocks.  On  the  whole  the  unconformity  of 
tliese  Permian  strata  on  the  Coal-measures,  proves 
that  beyond  the  boundary  of  the  Coal-measures  the 
further  you  go  south  the  thicker  they  become,  in  so 
far  that  underneath  the  Permian  rooks  the  Coal- 
measurea  have  a  rather  higher  dip  than  the  Permian 
strata^  and  higher  Goal-meaaurea  are  by  de^;ree's  coming 
in ;  so  that  some  distance  to  the  south-west  the  coal- 
iielc],  if  you  pierce  the  New  Red  Sandstone  and  Pmnian 
strata,  will  be  thicker  than  it  is  at  the  extreme  nOTth- 
easterly  outcrop  oftlie  latter  ;  and  this  result  is  because 
uf  the  unconformity  of  the  Permian  rocks  upon  the 
Cool-measures.  Approximately  where  crossed  by 
the  section  uear  Partington,  the  New  Red  Sandstone 
beds  will  probably  have  a  thickness  of  about  1,300  to 
1,400  feet.  The  Permian  strata  may  possibly  bo  600 
feet  thick  ;  the  total  ilepth,  therefore,  would  be  about 
2,000  feet ;  and  then  I  believe  you  will  come  to  Coal- 
measures  of  the  most  valuable  kind,  and  approxi- 
mately for  some  distmco  they  would  maintain  tiiat 
depth  from  the  surface,  merely  being  here  and  there 
affected  by  lite  linw  of  fault  whidi  are  marked  upon 
the  section,  and  which  anybody  can  understand  for 
himself  without  my  entering  into  details  respecting  it. 

The  continuation  of  this  section  south  of  Soreton 
Heath  would  resemble  19a  between  the  River  Bollin 
and  Northwich. 

{Mr.  Geddet.)  I  think  that  very  important,  because 
it  opens  up  a  coalfield  where  a  person  now  looking  at 
the  map  would  suppose  that  there  was  a  termination 
of  the  coalfiehl. 

(Mr.  Diekinmn.)  Near  Asttey,  I  have  myself  been 
in  thecoal  workings  underneath  the  Permian  formation, 
and  where  the  coal  is  dipping  at  a  slightly  greater 
than  the  Permian  rocks  which  put  on  above,  the  thick- 
ness and  quality  of  the  coal,  with  the  exception  of  the 
variations  which  are  usually  met  with  in  coal  seama, 
being  the  same  as  where  it  is  not  overlaid  by  the 
Permian. 

628.  (3fr.  Prestwich.)  Do  not  the  facts  which  you 
have  just  stated  rather  lead  to  this  conclusion,  in  fact 
you  yourself  have  expressed  an  opinion  rather  in  con- 
formity with  it.  I  tliink  that  yon  have  said  that  in 
making  this  section  southwards,  owing  to  tho  uncon- 
formability  of  tho  Permian  beds,  as  you  proceed  south- 
wards tho  coal  beds  set  in  ? — Yes. . 

629.  In  yesterday's  evidenco  it  appeared  fi'om  yoar 
observations  and  those  of  Mr.  Dickinson  that  in  tho 
neighbourhood  of  Ruobon,  in  Denbighshire,  as  you 
]>}Ui6od  underneath  tho  Permian  beds,  higher  beds  of  tho 
Coal-measures  set  in ;  therefore,  in  the  absence  of  tliis 
contested  mass  of  Millstone  Grit  in  the  central  acea  of 
Cheshire,  might  you  not  expect  to  find  in  the  central 
iirua  a  greater  mass  of  Coal-measures,  whether  produc- 
tive or  uot,  than  elsewhere  ? — Unless  tho  coalfield  is 
soparoted  into  two  boRtns  by  on  intervening  ridge  of 
Alillstone  Grit,  I  think  that  Mr.  Prestwich's  view  is 
just;  luit,  on  the  other  hand,  there  is  a  possibility 
of  undulations  under  a  tract  of  ground  which  in- 
cludes a  great  part  of  several  English  counties. 
I  will  now  proceed  to  the  next  section,  No.  26,  which 
runs  from  the  mouth  of  the  estuary  of  tho  Dee 
aci-oss  the  Mersey  near  Liverpool,  into  the  Lancashire 
coalfield.  Its  coiTOct  title  is  a  section  from  Little  Eye 
Island  in  the  estuary  of  the  Dee  on  the  west,  to 
Ilomvich  Moor,  in  Lancashire,  on  the  east,  by  Bir- 
kenhead and  Liverpool,  and  Croxteth  and  Knowsley 
Parks,  Billinge  Beacon,  and  the  Wigan  coal  district. 
This  section  crosses  a  very  broad  tract  of  ooal 
measares.  Near  the  western  maigin  of  the  Lanca- 
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by  the  section  a  mass  of 
mns  in  a  long  nwth  and  BouUi 
three  quarters  -  uf  a  mile  wide  at 
It  lies  between  two  faults.  Between 
the  New  Red  Sttata  and  the  Coal-measures  in  tliis 
area  no  Permian  rocks  are  found;  the  meaning  of 
that  being  that  they  have  thinned  out  further  east, 
and  as  we  approach  this  district,  they  are  finally  over- 
lapped by  tho  New  Red  Sandstone.  Under  these 
circumstances  the  Permian  strata,  which  are  known 
to  extend  west  as  far  as  the  neighbourhood  of  Ashton- 
in-Makerfield,  and  are  feebly  shown  in  another  small 
Permian  patch  south  of  tho  railway,  two  miles  west 
of  Burton  Wood,  will  run  in  a  curved  line  from  ihe 
last-named  place  to  the  uOTtliem  end  of  tho  Deubigh- 
shire  coalfield,  and  in  all  probability  no  Permian  rocks 
will  be  found  underneath  the  New  Red  Sandstono 
which  liw  on  either  bank  of  the  Mersey  by  Hale,  or  in 
the  promontory  known  as  the  Wirrall,  wh:cli  lies 
between  the  Mersey  and  tho  Dee.  About  four  niile:i 
south-west'of  themargin  of  the  main  coalfiehl  tho  patcli 
of  Coal-measures  is  brought  up  at  Croxteth  Park 
faulted  on  the  wct?t ;  and  tlie  Now  lied  Sandatont 
thus  Burrouuds  this  smalt  patch  of  Coal-measuri-r<. 
This  appearance  of  tlio  Coal -measures  in  a  small 
inlying  portion  surrounded  by  New  lied  Sandstone 
proves  that  the  Coal-measures  aie  [Missing  to  tho 
south-west  underneath  the  secondary  strata,  with- 
out the  intervention  of  Permian  beds  ;  and  the  ques- 
tion to  be  decided  i^,  how  far  it  is  probable  tlmt 
tho  Coal-measures  beyond  the  Croxteth  Pwk  patch 
underlie  the  New  Red  Sandstone  towards  Liverpool, 
underneath  the  Wirrall,  and  uudemeath  the  broml 
■  estuary  of  the  Dee.  Several  miles  south  of  the  line 
of  section,  and  one  mile  south  of  the  town  of  Noston 
on  the  eastern  shores  of  the  Dee,  a  small  patch  of 
Coal-tneasurcs  rises  to  tho  surface,  being  bounded 
on  tho  east  by  faults  which  throw  ttte  New  Red 
Sandstone  against  it,  namely,  the  Lower  Red  aii<l 
Mottled  Sandstone,  and  the  Conglomerate  or  Pebble 
bods.  Following  also  the  general  strike  of  the  Coal- 
measures  to  tlio  northward  of  Flint,  it  would  appear 
as  if  they  all  passed  out  to  sea  underneath  tho 
estuary  of  the  Dec  and  under  the  Wirrall;  and  under 
these  circumstances  the  probabilities  nro  in  favour 
of  Coal-measures  uuderlying  the  Wirrall  both  to  tho 
south  and  to  the  north  of  the  line  of  section  which 
here  runs  ^between  Birkenlicad  and  Little  Eye. 
Furthermore,  one  might  expect  >that  probably  some 
might  occur  underneath  the  mouth  of  tlie  cstnary  of 
tbo  Dee ;  but  as  certain  [mtches  of  Millstouo  Grit 
form  the  western  bank  of  the  Dtic  towards  its  moutli 
it  is  pofxible  that  a  series  of  undulations  may  here  set 
in,  which  might  be  contumed,  so  tliat  Millstone  Grit 
would  form  the  bottom  of  the  river,  and  perhaps 
stretch  beyond  the  Mersey  towards  the  lower  Coal- 
measures  l)etwecnIIuyton  andPr&icot, overlaid  perhaps 
here  and  there  by  thin  patches  of  lower  Coal-measures. 
A  number  of  faults  traverse  tho  New  Red  Sandstone 
rocks  in  the  neighbourhood  of  Liverpool  and  in  tho 
Wirrall  between  the  Mersey  and  the  Dee.  Tho  coun- 
try is  a  gi-eat  deal  covered  with  drift,  which  i-ondcrs 
the  ground  somewhat  obscui-c;  nevertheless,  in  that 
area  tho  subdivisions  of  tho  New  Red  Sandstone  aro  ho 
exceedingly  well  marked  and  definite,  that  Mr.  Hull, 
who  mapped  the  country,  (and  I  have  exaninied  it 
all  rj\rel'ully  afterwards,)  was  enabled  to  make  out 
all  tho  subdivisions  of  the  New  Red  Strata  from 
the  Lower  Red  and  Mottled  Sandstone  up  to  tho  Now 
Red  Marl,  and  approximately  to  estimate  their  thick- 
ness. In  the  WiiTidl  tho  Lower  Red  and  Mottled 
Sandstono  is  believed  to  be  oOO  or  600  feet  thick, 
the  Pebble  beds  are  believed  to  bo  about  the  same, 
the  Upper  Red  qnd  Mottled  Sandstone  is  believed  to  Iw 
about  600  feet  thick,  the  Lower  Keupcr  Sandstone  is 
believed  to  be  about  400  feet  thick,  and  the  Bed  Marl 
here  and  there  occurs  in  patches.  By  paying  attention 
to  these  faults  it  is  obvious  that  sinking  on  ouo  side  of 
them  or  the  other  would'  make  a  very  important 
difference  with  regard  to  the  depth  of  the  Coal- 
measures  teom  the  surface.  For  example,  if  we  tnb« 
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a  fituU  which  passes  bj  Birkenhead,  shown  on  the 
section^  on  its  western  side  the  depth  of  Kew  Red 
Sandstone  to  be  sunk  through  will  be  about  2,000 
'  leet  before  you  oould  reach  the  Goal-measures.  On 
the  eastern  side^of  the  fiiult  the  depth  of  New  Red 
Sandstone  to  be  sunk  through  before  jon  could  reach 
Coal-measures  would  be  only  about  800  feet ;  and 
a  number  of  parallel  cases  to  this  might  be  ^ven, 
both  in  ^e  Wirrall  and  in  &e  country  round  Liveipool. 
These  details  are  drawn  upon  the  section  as  accurately 
as  the  Geological  Survey  .can  do  such  things.  I 
merely  give  one  case,  and  anyone  else  can  apply  the 
parallel  cases  himself  by  the  help  of  a  scale  and  a  close 
examination  of-the  section. 

630.  {Mr.  Dickinson.)  Are  you  awiu-e  that  at  the 
Point  of  Air  where  the  rivei-  Bee  enters  the  sea,  Coal- 
measures  have  been  actual]b)r  bored  ? — I  did  not  know 
that,  but  I  have  no  doubt  that  it  is  a  very  likely  thing. 

631.  Such  being  the  case,  would  not  the  coalfield 
be  extended  beyond  that  point?* — ^Not  immediately 
to  the  east  of  it.  You  will  obs^re  that  there  is  a 
patch  of  Millstone  Grit  drawn  upon  the  map  a  little 
furthOT  south,  which  is  probably  continued  porth. 

632.  Yon  are  probably  aware  that  at  Moatyn  the 
seams  are  oxteneirelr  worked  underneath  the  estuary  r 
—Yes. 

632a.  And  that  they  continue  to  have  a  dip  towards 
the  centre  of  the  river  ? — I  do  not  know  these  details, 
but  it  is  a  very  satisfactory  thing  to  know. 

633.  At  Hanmer,  which  is  an  adjoining  colliery, 
south-east  of  Mostyn,  and  which  is  worked  by  one  of 
the  Commissioners,  the  coal  is  also  extensively 
worked  under  the  estuary.  Then  as  regards  the  small 
Coalfield  on  the  opposite  side  of  the  estuary  at  Neston 
and  Denhall,  are  you  aware  that  when  those  collieries 
were  being  worked  tiie  dip  was  to  the  centre  of  the 
estuary        was  not  aware  of  that, 

{Mr.  Dickinson.)  Again,  continuing  further  up 
the  liver  until  you  get  within  about  half  a  docen 
miles  of  Chester,  the  coal  seams  have  been  bored  to, 
pnd  it  is  supposed  that  they  are  upon  about  the  same 
line  of  strike  as  at  Neston. 

{Chairman  to  Mr.  Dickinson.)  On  the  whole'  then 
your  view  agrees  with  that  of  Professor  Ramsay  ? 

{Mr.  Dickinson.)  Very  nearly. 

{Mr.  Geddes.)  Th&re  is  a  prospect  of  a  great  co^- 
field. 

(Mr.  Dickinson.)  I  think  so. 

634.  {Professor  Ramsay.)  We  now  approach  the 
completion  of  this  subject  as  regards  the  western 
parts  of  England,  and  Wales.  I  have  said  in 
my  book  on  the  Geology  of  North  Wales,*  that 
I  believe  that  tha«  is  not  any  likelihood  of  coal 
beiug  found  underneath  the  New  Red  Sandstone,  in 
the  greater  part,  at  all  events,  of  the  Vale  of  Clwyd. 
I  believe  that  sinkings  have  been  made  at  the  northern 
end,  which  have  been  spoken  of  by  Mr.  Hull,  and 
probably  there  may  be  some  Coal-measures  for  some 
distance  south  of  the  sea  shore  at  the  northern  end. 
Then,  passing  westwards,  at  intervals  the  Carboniferous 
Limestone  forms  the  coast  as  far  as  Little  Orme's 
Head  and  Great  Orme's  Head,  and  it  then  appears 
in  Anglesey,  and  so  passes  westwards  to  the  west  side 
of  Red  wharf  Bay,  where  a  broad  patch  of  Carboniferous 
Limestone  lies  upon  the  Old  Red  Sandstone,  and, 
narrowing  by  degrees,  crosses  the  coonty  to  the  south- 
west to  Malltraeth  sands.  This  Cwrbouiferous  Lune- 
stone  is  overlaid  by  Millstone  Grit  and  Coal-measupes 
in  the  plmn  of  Malltraeth  Marsh,  uid  the  Coal- 
measures  are  overlaid  very  nnconformably  by  a  patch 
of  Permian  rocks,  which  is  found  in  sha^  sunk  in  that 
country.  If  you  pass  to  the  shores  of  the  Menai  Straits, 
you  have  patches  of  Carboniferous  limestone  inter- 
stratified  with  beds  of  sandstone  and  shale,  and  with 
one  or  two  exceedingly  tbin'  and  valueless  streaks 
of  coal.  The  rocks  on  the  south-east  side  of  the 
Menai  Straits  are  traversed  by  a  long  south-west  and 
north-east  fault,  which  throws  in  the  Carboniferous 
Limostono  and  rod  marly  beds  of  the  carboniferous 
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series  against  that  granilis  kind  of  porjdhyry  wMch 
runs  from  Caernarvon  Bortb#ai^  towwds  Bangor, 
and  thd  iault  is  {woluibly  me  of  very  oonatdenUe 
magnitude.  Parallel  with  tfaia  fiult  aod  the  Menu 
Struts  a  great  &n]t  boattds  tiie  Anglesea  ooalfidd 
on  the  south-east,  with  a  down-throw  on  tiie  north* 
wes^  so  that  at  the  snrikee  the  Fninian  rocks  abvt 
upon  Gueissio  Cambriati  strata  of  the  count;, 
and  t^e  Coal-meamreB  do  the  same.  This  fault,  and 
the  arrangement  of  the-strata  in  this  small  codfield.ga.r 
are  well  seen  by  reference  to  the  seotioo  No.  27,  which  F.  i 
crosses  the  country,  and' I  have  estimated  the  down- 
throw of  the  fault  at  2,300.  feet.  If  you  ooasider  the 
bearlngofthis  question,  and  the  armngementof  the rocki 
altf^ether,  irom  the  Cambrian  to  the  Petmian  etnta 
in  ascending  order,  yon  are  driven  to  this  veiy  cQriong 
conclusion ;  that  the  wfade  of  this  low  groand  of 
Anglesea  and  of  the  fl4j(Hi^g  low  country  of  Ci«r- 
narvonshire  was  excessively  denuded,  and  was  n 
undulating  plain  before  the  deposition  of  t^e  Old  Bed 
Sandstone  and  Carboniferoos  podcs  of  Ibe  eemtnr; 
tliat  'the  whole  of  it  was  oovered  with  tiwse  rocbt 
Limestme,  and  Millstone  Grit,  and  Ooal^meBsurM ; 
that  by  a  happy  acddent  these  strataf  <tf  Cutoni- 
ferons  rocks  and  Permian  have  been  thrown  down 
2,300  feet  on  the  nor^west.  Then  furth^  deoa- 
dation  has  supervened,  and  only  a  small  portion  of 
a  lai^e  coalfield  has  been  saved  in  the  centre  of  the 
island,  which  never  would  have  been  the  case  hsd  it 
not  been  for  a  fiiult  of  1^300  feet  <h*  thereabout 
The  Permian  strata  must  also  have  overlaid  this 
tract  of  conntvy,  and  only  a  small  portion  of  il  htt 
been  preserved  by  the  same  circumstance.  That  the 
Coal-measures  had  been  exceedingly  d^oded  befoie 
the  deposition  of  the  Permian  strata  is  known  1^  the 
cirauDutance  that  the  difi^^t  beds  of  coal  in  «m- 
cession  crop  up  agiunstthe  base  (^thoFermian&tati, 
excepting  one  or  two  low  beds  ct  coal  wliit^  lie  to 
the  west  of  its  exti'eme  western  boundary.  Hk 
value  of  this  coalfield  is  not  great.  There  are  some 
beds  of  coal  in  it  which  are  good  enough,  but  ilie 
whole  of  the  country  above  the  coalfield  is  a  univeraal 
marsh.  The  water  percolates  the  sandstones  into  the 
pits,  and  the  engines  have  hai'd  work  to  get  ridofiL^ 

635.  {Mr.  Prestwick,)  Do  you  considier  that  to  be 
a  remnant  of  a  perfectly  independent  basin  ? — Not  st 
all,  I  believe  that  the  Anglesea  coalfi^,  oTerlying 
as  it  does  the  Carboniferous  Limestcme  of  Anglesea, 
stretched  across  the  countiy  now  covered  by  the 
sea,  and  overlaid  the  Carboniferous  Limestone  of  the 
Orme's  Head  and  the  Vale  of  Clwyd,  and  that  inn 
these  regions  it  has  been  altogether  or  chiefly  removed 
by  denudation,  and  that  otherwise  it  was  contisuons 
with  the  Flintshii-e  and  Denbighshuie  cdal^elds,  and  all 
the  other  coalfields  which  surround  the  great  plaiaii 
of  Cheshire;  and  we  might  never  have  suspected  tie 
prodigious  original  extension  of  these  coal6eld8,  but 
for  the  circumstance  that  a  portion  of  them  has  been 
preserved  in  Anglesea  by  the  accident  of  this  fault. 

636.  {Mr.  Dickinson.)  As  Anglesey  is  a  porti«i  of 
the  distiict  upon  which  I  have  specially  to  report  w  to 
the  probable  amount  of  coal  remaining  to  be  woiied 
I  should  like  to  have  a  little  further  explan^'on. 
First,  taking  the  section  of  the  coalfield  as  published  in 
Mr.  Hull's  book,  and  which  is  a  copy  from  the  section 
as  published  by  Professor  Ramsay,  I  find  at  the  top 
of  the  coalfield  a  thick  seam  several  yards  in  thick- 
ness,— ^three  or  five  yards,  I  ibrget  which.  A  coal  «f 
about  five  yards  in  thiolcneaa,  and  standing  abnost 
perpendicularly,  has  been  wwked  or  run  through,  a&d 
not  half  of  it  gotten ;  but  this  vertical  bed  of  coal, 
instead  of  -  being  a  seam  of  coal  overlaying  the  ottxr 
coals,  is  to  my  mind  the  eastern  crop  of  the  whole  of 
the  other  coal  seams  do:U>1ed  lip  and  sqtieeEed  together. 
Secondly,  I  -  have  been  disposed  to  consider  t^t  this 
coalfield,  instead  of  being  thrown  in  by  a  large  down- 
throw fault  to  the  west  as  now  described  by  Professor 
Ramsay,  and  as  shown  on  the  published  sections,  is 
similar  to  those  detached  coiftlfields  with  which  we 
meet  in  diffinrent  parts  of  Scotland,  acr  in  the  nagh- 
boturfaood  of  Girvon  and  in  ottiw  parte  of  Ayrab^ 
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lying  in  detocbed  valleys,  where  tW-^ettts  .basset 
agaiiut  the  Silurian.  And,  thirdly,  instead  ]of  aomo 
of  the  coal  seams  going  straight  i^ipst-the  fault  dwy 
were  found  in  the  coUiei-ies  at  ^erw'  to  turn  u]>  on 
the  ^eepj  aiid  crop  against  the  Permian..     . ' 

{Professor  Ramsay.),!  have  seeij  uU  the  pTans, 
and  that  did  not  exist  in  them., ... 

(Afr.  Dickinson.)  No ;  tliAt,  I  think,  is  u  discovery 
made  since  Ais  Geology  has  been  mi^ped 

{Professor  Ramsay.)  How  inuy  years  ago  is  it  that 
the  discovery  was  made  ? 

{Mr.  Dickiruon.)  Probably  within  the  last  ijen  years;" 

637.  {Professor  Samsav.)  My  section  was  published 
in  1857,  and  till  t  made  the  discovery  of  th^  Permian 
Tocks  tlierd  thOT  were  quite  unknown  in  Anglesea  16 
geologists.  I  knew  all  the  agents  and  proprietors 
intimately,  and.  pver^  .information,  .which  it  was 
possible  to  get  was  given  to  me,  and  neither  then 
nor  siBoe-(where  t  have  mora  than  once  vhi{ted  the 
Berw  pit,  with  the  lat«.  Ms.  Trygaro  Griffith,  the 
proprietor,)  have  I  ever  heard  that  on  the  sonth-east 
the  beds  tuij^ied  np  on  th^  d^p,  and  ci^opped  against 
the  Permian.  -  .I  still  adhere  to  the'gjsnerail  <;orrectness 
of  my.  section,,  aild  the.- existence  of  the  &ult  was  not 
tay  conclusion  alone,  "but  that  particular  fault  was 
known  by  Sir  Henry  de  la  Be6he,  Mr,  Warrington 
Smyth,  and  Mr.  Selwyn,  and  was  ais^  confirmed  by 
myself.  I  think  thst  there  is  no  lack  of  testimony  of 
unquestionably  good  quality  in  that  respect.  The 
very  fiict  that  &e  south-east  boundary  line  of  the 
coalfield  and  Permian  bed  runs '  fbr  nine  and  a  half 
miles  as  straight  as  an  aimw  would  probably  be  a 
good  reason  in  tlw  minds  of  most  geologists  for 
suspecdng  a  fault.  I  am  iroll  aequaikted  with  faot 
of  the  working  of  the  coal  bed  which  Mr,  Dickinson 
desoiibes  OS  Bfendiag;  ahnoat  perpendieularly,  and  as 
it  was  much  smashed  I  consider  that  it  was  a  broken 
coal  lying  in  the  line  of  fault,  due  to  friction  result- 
ing  from  so  great  a  downthrow  on  the  north-west. 
It  may  be  that  the  strata  underneath  are  not  pi-ecisely 
as  I  havp  diwtvn  ih&m  ;  but  I  should  he  apt  to  con- 
sider that  if  a  turn-up  of  the  beds  to  the  H0utl(-e«8t 
extends  even  for  a  quarter  of  a  mile  from  the  fault 
it  may  be  due  simply  to  the  enonnous  fHetion  arising 
from  a  fault  of  %^D0  lEbet  downthrow.  It  is  a  common 
thing  for  the  straift  ,wfiich,  arc^  thrown  down  nndw 
these  circumstaDcee  to  be  bent  up  as  they  approach 
a  line  of  &iilt.  I  should  be  exceedingly  glad  to  get 
po^ct  evidence  of  a^  oob  having  worked  these  beds 
of  coal  from  the  point  where  Mr.  Dickinson  con- 
sidered they  b«id  upwwb  vntil  they  abut  -on  the. 
base  of  the  Permian  strata.  ' 

(Mr,  Dickinson.)  It  was  so  proved  in  the  pits 
which  were  last  worked  by  Messrs.  Hughes  at  Berw, 
I  believe,  since  the  geological  survey  was  made,  nnd 
it  will-  make  a  congidei;aUo  dtfihrence  in  the  quantity 
of  coat  likely  to  be  found  in  this  coatfield. 

637a.  {professor  Ra^ay<.)  Itis  tiota  field  of  much 
importance  to  the  general  question.  Tbcre  is  one  mom 
thing  to  which  I  must  request  your  attention.  I  hare 
described,  as  fi»  as  I  conld,  all  the  sections  embracing 
these  regions.  There  are  a  seotions  which  run 
iikto  the  Der^rdiire  coalfield  wUeh  1  have  not  ^okca 
of,  aadsomeof  tiiem.run<ri^taonissundeomea^  the 
.Kew  Bed  Sandstone  and,  the  Magneraw  limestone;  bnt 
the  stFUcbvne  of- the  ground  ill  so  .exceedi^y  simple 
that  it  requires  very  little'  knowledge  joi  dijiicult 
geological  problems  to  understand  the  lie  of  the  beds. 
Anyone  who  has  an  elementary  knowledge  of  strati- 
fical  geol<^  is  able  to  predict  it  with  a  great  approtoh 
to  accuracy.  I  do -not  think .tha^  it  is  worthwhile 
for  me  to  enter  into  an  explanation  of  the  few  sec- 
tions which  are  drawn.  Some  years  ago,  when  we 
had  ecoasion  to  runia  section  across  the  coalfield,  the 
Magnesian  limestone  and  the  New  Red  Sandstone, 
11*6,  in'  the  most  uoheBitatiQg  -manner,  drew  in  the 
beds  of  coal  underneath  the  Magnesian  limestone. 
They  have  sunk  to  them  since,  and  have  -found  them 
within  a  fow  foet  of  the  position  which  we  assigned 
to  them  long  before  they  thought  of  sinking.  A' 
mining  engineer  in  that  country  calculated  just  in  the 
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same  way. at,  what  depth'  he.  would  meet  witb  the 
"  top  hard  coal,"  uid  he  passed  through  dl  the 
measures  in  regnlar  ordn-.  The  reason  of  that  is, 
that  for  a  laige  distance  the  Coal-measures  are  "  IWfi. 
very  nearly  conformable  to  the  M^^csian  limestone. 
Under  these  .circumstances,  especially  as  we  have  not 
finished  the  survey  of  this  coalfield,  and  I.  do  not  yet 
know  the  country  to  the  extreme  north  of  it,  I  am 
not  prepared  to  throw  the  same  kind  of  light  upon 
ijt,  good,  bad,  or  dubious,  wfaicb  I  have  endeavoured 
to  throw  upon  the  structure  of  the  ground  in  the 
neighboQihood  of  tlie  other  coalfields ;  and  this,  to 
me,  is  a,  matter  of  very  little  regret,  because  the 
structure  of  this  country  is  so  exceedii^y  simple 
that  he  who  runs  may  read. 

{Chairman.)  There  is  one  fiut  which  I  should 
like  to  place  on  record  with  regard  to  the  Nottii^ham- 
shire  <wal^fleId,  or  that  which  I  believe  is  to  be  looked 
at  as  a  considerable  coalfield,  which  Is,  that  not  only 
do  the  Derbysliire  cotds  pass  underneath  the  Magne- 
sUu  limestones,  but  there  is  this  important  fact,  that 
at  the  Huckn^  section  the  five-feet  ^sl  becomes  a 
nine-feot  coal  as  it  passes  under  the  Magnesian  lime- 
stone ;  and  it  is  a  very  remarkable  thing  that  it 
Bhould  grow  thicker  as  it  passes  under  those  deposits. 
It  gives  us  the  greatest  hope  that  there  may  be  a  vei-y 
productive  coalfield  there.  Thst  was  from  seeing  a 
pit  just  opened  at  Hucknall,  it  being  ascertained  that 
the  five-feet  Derbyshire  coal  became  a  nlnc-feet  coal, 
with  veiy  little  intervening.  It  made  a  eonsiderable 
seiMtlon  at  the  time.  I  believe  that  in  all  that 
country  you  will  cei-tainly  find  a  very  good  coalfield, 
but  these  rich  proprietors  will  never  heai'  of  having 
eoal  i»ts  sunk  neftr  them. 

638.  {Professor  Ramsay.)  To  show  you  how  exceed-  Sec.  28,  VI  fi 
iQglj  UQtple  the  structure  of  thb  counti-y  is,  I  will  now 
reier  to  a  section,  No,  28,  from  the  Erewash  valley 
railway  across  a  part  of  the  Derbyshire  coalfield 
to  Toot  Hill,  south  of  Bingiiam.  At  Abbey  Wood 
is  the  wcstierU  edge  of  the  Magnesian  limestone, 
which  lies  ta  the  eye  almost  conformably  upon  ilu-.  ■ 
Coal-measures.  On  the  west  of  this  the  "  top  hrn-d 
coal  crops  out  near  the  river  Erewash.  About  300  feet 
higher  is  a  coalabout  two  feetmx  inches  thick.  Both 
of  these  and  the  Yorkshire  Coal-measures  dip  eastwards 
at  a  very  low  angle, ,  passing  underneath  the  Mag- 
nesian limestone,  which  for  a  distanco  of  nearly  four 
miles  forms  the  surface  of  the  country,  dipping  eust- 
wards,  and  never  attaining  a  thicknesH  of  moi-e 
than  from  50  to  70  feet  This  is  overlaid  by  the  New 
Red  Sandstone,  opparently  very  nearly  conformably  ; 
and  at  a  considerable  distance  from  the  outcrop  of 
the  Magnesian  limestone  tU  its  western  edge,  they 
sank  a  shaft  through  the  Mtignesian  limestone  and 
Coal-measdres  in  st^arch  of  the  "  top  hnrd  coal." 
Its  place  is-  iAdicated  by  the  Geological  Survey,  and 
is.m^^e^  by  dotted  lines  in  a  section,  and  they 
corresponded  wonderfully  accurately  with  the  depth 
at  whicli  it  was  expected  to  be  found,  and  wai< 
found  hf  the  miners  who  sank  in  seaixh  of  it. 
This  (-xumple  applies  to  a  great  extent  of  country  on 
the  eastern  tade  of  the  Derbyshire  and  Yorkshire 
coalfield,,  till- yod: Approach  the  extraaAe  south  end 
and  ejttr^me  nor^  end  of  the  coalfield,  where  the 
strike  of  the  ODiuitry  ■changes,  and  on  the  south 
becomes  south-cast,  and  on  the  north  becomes  cast 
and  west.  The  same  kind  of  argument  is  well  known 
to  apply  to  the  ground  imdemeath  the  Magnesian 
limestone  which  bounds  the  Northumberland  and 
Durham  coalfield,  and  iu  places  they  have  sunk 
through  tha(  formation,  and  reached  beds  of  coal 
known  in  the  body  of  the  coalfield  where 
it  comes  to  dayi  Thorefore  among  skilled  miners 
there  is  no  diifienlty  in  decermining  the  probable 
position  underneath  (he  ^«rmi(m  stirata  in  these 
areas  <^  the  Coal-measures  proper :  and  the 
difficulty,  therefore,  is  not  at  all.  to  be  compared  wiA 
the -difficulties  with  which  we  have  been  struggling 
in  attempting  to  find  out  what  may  be  the  arrange- 
ment of  Coal-mcfwrnvs  undementh  the  secondary 
strata  ftbont  the  LeiceeterBhire^  Warwickshirp,  South 
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Staffdrdshire,  ShropiAiire,  NorUi  Wales,  LancaBhire, 
and  North  Staflfordahire  coalfields. 

{Mr.  Prestwick.)  Will  yon  point  ont  on  the  map 
the  line  of  section  which  you  have  just  been  de*- 
Bcribing. 

(Prof  essor  Ramsay  pointed  out  the  same.) 

639.  (Mr,  Dickinson.)  As  it  is  chiefly  upon '  your 
evidence  that  the  CommisBion  will  hare  to  arrive  at  a 
conclusion  as  to  the  probable  extension  of  the  Derby- 
shire and  Yorkshire  coalfield  eastward^  would  you 
venture  upon  an  opinion  as  to  how  far  these  coiUa 
are  likely  to  a:tend  eastward  and  turn  up  and  basset 
against  the  overlaying  rocks  I  think  that  I  have  sud 
all  that  I  have  to  say  upon  that  subject  in  a  previous 
day's  evidence.  I  could  not  give  any  opinion  which 
wonld  fix  itf  within  miles. 


639a.  Mr  Hull  gave  an  opinion  F—Tes,  viHi  qaiU* 
ficationa, 

640.  He  said  that  it  was,  probably,  about  m  far  as 
the  chalk  escarpment  ? — Tea  ;  aasuming  the  dip  of 
the  Coal-meaoires  to  continue  east,  he  itafOTed  tbat 
coalbede  would  not  lie  beyond  a  workable  depth  as 
far  east  as  the  chalk  escarpment. 

640a.  Do  you  see  any  reason  to  differ  materiallT 
from  that?  You  are,  perhf^a,  the  first  geological 
authority  which  we  have  in  the  couutiy,  aad  of 
course  great  weight  will  be  attached  to  what  yoa 
Bay  ? — I  have  given  my  opinion  on  that  poipt  already 
before  this  Commission,  and  I  would  rather  not  saj 
anything  at  present  mon  definite  about  the  mattn. 


After  the  meeting  a  oonvorsation  took  place  as  to  the  probable  course  that  nufcht  hereafler  be 
takenVith  reference  to  the  reports  of  the  five  committees  af^inted,  namely  A,B,  C,  D,  and  the  10 
members  to  whom  separate  conl  districts  have  been  assigned.  A  general  impression  prevfuled  that 
each  committee  and  each- individual  member  would  draw  up  and  present  a  report  on  the  branch  of  the 
inquiry  which  was  specially  refen'ed  to  the  Committee  or  to  the  Commissioner.  When  these  15 
reports  are  prepared,  the  general  body  can  deal  with  them,  adopt  them,  or  alter  or  reject  them.  Id 
the  meantime.  Committee  D  will  conUQue  the  collection  and  conuderadon  of  evidence,  the  mapping 
of  the  results,  and  the  arrangement  of  the  information  already  gathered. 

The  Comnuttee  adjourned  till  October. 


D.— 15iA  Meeting.    Feb.  9, 1869,  11  a.m. 

The  Chairman,  Sir  Hoderick  Murcfaiaon,  owing  to  the  death  of  Lady  Marehison,  was  unable  to 

attend. 

Mr.  Pr^twich  was  also  absent. 

Present  :  1.  Pbofessor  Ramsay  (in  the  Cluur). 

2.  Mb.  Dickinson;  3.  Mb.  HABTLsr;  4.  Mr.  Woodhouse;  5.  Mb.  Hmrr;  6.  Mb.  Orddes; 

7.  Mr.  Clark. 

The  following  gentlemen,  not  members  of  the  Commission,  were  also  present  :~ 

8.  Professor  Phillips ;  9.  Mr.  Green;  10.  Mr.  Holl;  11.  Mb.  Howell; 
12.  Mr.  Geikie  (witnesses  summoned) ;  13.  Mr  Ward  ;  14.  SiB  B.  Clifton  ; 

15.  Mr.  QonwiN-AusTEN. 

1.  The  Secretary  produced  (a)  File  D,  with  the  correspondence,  minutes,  &a  (see  page  41, 
General  Minutes,  for  a  list) ; 

(b)  The  Chairman's  file,  with  a  complete  set  of  the  General  Minutes  to  page  69 ; 

(c)  Mr.  Hull's  map       1      ,  - 

(d)  Mr.  Bristow's  toblej^J'  for  press; 

(e)  Pi-ofeasor  Ramsay's  evidence  in  slips,  circttlated  and  revised. 

Minute  1.  The  previous  Minutes  were  taken  as  signed,  and  the  Secretary  was  authorised  to 
cause  the  Chairman's  signature  to  be  affixed  to  them  in  type. 

Minute  2.  With  referenqe  to  Minute  5,  page  53,  General  Minutes,  Professor  Ramsay  laid  on 
the  table  two  reduced  specimen  copies  of  large  sections  to  which  his  evidence  given  at  the  Ust 
meeting  of  this  Committee  r^erred.  With  these,  the  following  estimate  was  put  in.  The  Secre- 
tary was  directed  to  inform  the  Chairman  of  the  Commission,  and.  if  he  approves,  to  take  immediate 
steps  for  obtaining  the  reqtiired  Treasury  sanction.  The  Committee  are  of  opinion  that  tiiese 
sections  are  very  important,  and  even  essential  to  the  proper  understanding  of  the  question 
entrusted  to  this  section 'of  the  Commission,  namely,  the  probability  of  finding  coal  under  large 
'  tracts  in  England  where  Permian  and  newer  s^ta  are  at  the  sur&oe.  In  this  view,  these  sections 
are  of  great  commercial  value  to  the  nation,  and  they  ought  to  be  published. 

EsnuATK. 

Reducing  Cost  oireduGmg  miioTia  &om  scale  of  C  in.  to  1  mile  to  ,1  in.  to  1  mile,  &om  S5l.  to  402.  (These 
•actions,  35/.  agctions  represent  about  1,000  miles.) 

^  Cost  of  engraving  reduced  sections  on  zinc  plates,  eacli  plate  to  be  3  ft.  long,  and  to  contain  3 

lines  of  section,  with  tities,  &c. ; 
841.  or  108/.  outline  (to  be  afterwards  coloured) ;  each  plate  about  71.,  or  shaded  to  show  formati(MB 

without  colotu:,  each  plate  about  91. 

(Twelve  plates  will  be  ^•e^ired.') 
Printing,60/.     Q^g^  of  priniwtff,  about  SL  per  1,000  copies  of  each  plate,  say  QOU 
Cdbormgi        Cost  of  coUm/i^ing,       per  100  copies  of  each  plate ;  1,000  copies  of  the  12  plates,  2401 
;i40i: 
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Whether  it  will  be  better  to  print  direct  from  zinc  ple,tes  or  to  transfer  to  stone,  will  depend  on  ^  '^'^ 
the  number  of  copies  required.    Mr.  Lowry  thinks  the  better  plan  will  be  to  "  transfer.*' 

Feb.  15.  The  Secreta/ry,  in  obedience  to  ihe  trtmutei  eoimnumccUed,  wUh  the  Chairman  of  the 
Commisaion,  who  wrote  to  the  Chancellor  of  the  Exchequer  on  the  subject.  The  letters  of  the 
Secretary  were  svheequ&ivtly  shown  to  the  Chairman  of  the  Meeting,  who  was  pleased  to 

approve— Z.  F.  C. 

The  fdlovnng  letter  was  ami  to  the  Home  Offi/se  with  the  papers  referred  to  in  the  li^t  at 
the  end. 

CW  Commission, 

Oonunittee  Boom  O,  House  of  Lords. 
Sir,  February  14, 1869. 

I  have  the  honour  id  endoee  a  co^y  of  the  ComnuMdon  under  which  Committee  D.  was 
appointed,  and  extracts  from. the  minutes  of  that  CouMnlttee  which  relate  to  certain  geological 
sections. 

I  am  to  request  that  you  will  forward  those  papers,  and  move  the  Lords  Commissionera  of  Her 
M^esty's  Treasury  to  give  their  formal  sanction  to  the  proposed  publication  in  the  manner 
suggested,  so  ns  to  form  part  of  the  Blue  Book  in  which  the  Beport  of  the  Coal  Commission  will . 
appear,  together  with  the  evidence  on  which  it  is  founded. 

I  am  t-o  hold  myself  in  readiness  to  give  any  further  explaoation^  and  I  am  ready  to  obey  their 
Lordflhips  directiona 

I  have  the  honour,  kc. 

J.  F.  Campbell,  Secretaiy. 

The  Hon.  Adolphus  F.  0.  Liddell, 
Home  Office. 

Approved  by  the  Duke  of  Argyll,  Chavrmam,  of  the  Commission,  and  by  Professor  Ramsay, 
Cha/vrman  of  the  Meeting. 
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10.  Minutes  D.  Estmate         ~       -      Februury  9, 1869. 

Whitehall, 

Sir,  23rd  February  1869. 

I  am  directed  by  Mr.  Secretuy  Bruce  to  tomsmit  to  you,  with  reference  to  your  letter 
of  the  16th  instant,  the  enclosed  copy  <^  a  communication  from  the  Treasury,  caUing  attention 
to  the  lai^e  scale  in  which  the  Coal  CommisBioners  propose  to  publish  certain  geological  sections ; 
and  I  am  to  request  that  you  will  ascertain  whether,  m  the  opinion  of  the  CommiasionerB,  the 
scale  can  be  reduced  advantageously. 

I  am,  Sue 

The  Secretaiy  to  the  A.  F.  O.  Lxddell. 

Coal  Commiasion. 

Treasury  Chambers, 

Sir,  22nd  February  1869. 

The  Lords  Commissioners  of  Her  Majesty's  Treasury  have  had  before  them  your  letter  of 
the  18th  instant,  transmitting  a  copy  of  a  letter  from  the  Secretary  to  the  Coel  Commission, 
together  with  its  enclosures,  relative  to  the  publication  of  certfun  geological  sections  witii  the 
report  about  to  be  issued  by  that  Commission. 

Their  Lordships  desire  me  to  requer.t  that  you  will  call  the  attention  of  Mr.  Secretary  Bruce 
to  tho  large  scale  on  which  it  appears  to  be  intended  to  publish  these  sections. 

My  Lords  entertain  some  doubt  as  to  whether,  having  regard  to  the  objects  of  the  Commission, 
it  is  necessary  to  publish  sections,  except  on  a  very  sinall  scale  ;  and  before  sanctioning  the  ex- 
penditiiie  they  must  request  to  be  &voured  with  the  views  of  the  Secretary  of  State  upon  the 
points  adverted  to. 

I  am,  && 

The  Hon.  A.  F.  0.  Liddell,  (Signed)      A  a  Atstox. 

Home  Office. 

Feb.  24, 1869.  In  reply  to  this  communication  the  Secretary  wrote  pri/vately  to  the  Home  Office, 
stiggeatvng  that  it  might  be  as  well  to  have  an  interview  for  the  purpose  of  explaining  what 
was  wanUd;  and  c^ler  the  meeimg  of  Comnvittee  A  was  ended  A«  farther  vnvte  as  foUom, 

ojicially : — 

18488.      Vol.  IL  3  B 
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Sir. 

I  have  the  honour  to  ackso^edge  the  reoeipi  of  yoto*  letter  endodzig  copy  of  one  from  the 
Treasury  about  sections  referred  to  in  the  encJoeed  printed  miou^tea. 
Muratei  of  The  letters  have  been  forwarded  to  Ptofiassor  Ramsay,  Museum^  Jermyn  Street,  who  vill  reply, 
Feb.  9l  but  it  would  greatly  iaoilitate  and  hasten  matters  if  the  gentleman  vho  has  tt>  decide  would  see 
me  or  Professor  Bamsay  himself  Roderick  MurohiBon,  the  chairman  of  this  Committee,  has 
been  prevdnted  firom  attending  to  business  for  some  time  for  reasons  given  in  the  Minutes,  but  I 
believe  that  the  matter  in  question  has  reoeiTed  full  oonrnderadan  %-  the  Oamnittee,  and  that 
it  is  now  ripe  for  deoiHion. 

Iam,&a 

The  Hon.  Adolpbos  F.  O.  IdddelL  J.  F.  Campbell. 

Dwrvng  a  vmtmg  of  C&rMMttee  R  0ie  foUamng  Utttr  waa  rtoewed  : — 

Whitehall, 

Sir,  24th  Februaiy  1869. 

Tour  "  private  ^  communication  of  this  date  has  been  received,  and  I  beg  to  in&nn  you 
that  you  can  call  and  see  me  respecting  the  publication  of  certain  geological  sections. 

I  am,  &a 

The  Secretary  to  the  A.  F.  O.  LiDDKLL. 

Coal  Commission. 

FA.  25.  The  Secretary  i^terivpon  wroie  to  Profesaor  JZammy,  who  semt  a  specimm  aecbuyii  <md 
im  expitmatory  leUer,  whiai  after  the  meetmg  the  8ecreta/ry  took  to  the  Home  Office  amd  left 
wUh  Mr.  LiddeU.  Subsequently  on  the  same  day  Sir  Roderick  Mv/rchison  stated  ^at  he 
fully  ooncu/rred  u)ith  the  opinion  expressed  ftj^  fAe  meetmg,  from  which  he  was  abeeni  for  the 
reaaom  given  abov&  In^faot,  the  metionB  wnUd  be  qf  mail  value  if  puUiahed  on  a  MMtUer 
scale. 

TliefoUowvng  letter  vw  revived  on  Uie4ilh  of  Man^: 

Whitehall, 

3rd  Macbh  1869. 

With  reference  to  your  letter  of  the  24th  ult,  I  am  directed  by  Mr.  Secretary  Bruce  to  inform 
yon  that  ihe  Lords  Commissioners  of  Her  l^fajesty's  Treasury  sanction  the  expenditure  of  the 
geological  sections  being  published  on  the  scale  of  one  inch  to  a  mile  as  proposed.  The  specimen 
section  is  returned  herewith. 

I  am,  &C. 

The  Secretary  to  the  A.  F.  O.  Liddell. 

Coal  Comnussion. 

The  Secretary  thereupon  on  the  ^  Jia/rch  sent  the  letter  and  section  vfiih  a  printed  copy  of  the 
prevums  correspondence  from  the  l^th  Februcvry  u2&,  to  Prqf^eaor.  Bfimnea^,  wUh  a  r^est  Giai 
Sir  Roderick  Mwrchison  may  be  informed.        '  , 

Min^  3.,  Mr.  Godwin- Austen  produced  two  mannseript  maps  whidi  are  intended  to  illuskate 
his  evidence  previously  given,  and  the  memMandnm  winch  he  vras  requested  to  prepare  in  illus- 
tration of  his  view  of  uie  ori^nal  area  of  European  coalfields,  and  their  present  position  and 
extent,  which  views '  bear  specially  oh  the  probability  of  finding  coal  in  and  about  the  valley  of 
the  Thames,  and  further  westward.  To  these  maps  Professor  Phimps  referred  in  giving  his  evidence 
afterwards'.  It  was  dedded  that  Professor  Ramsay  and  the  witness  shall  settle  the  best  method 
of  publishing  these  maps,  and  that  the  Seoretaiy  shall  take  the  instructibns  of  Committee  D,  and 
act  as  in  the  case  of  the  other  maps. 

Minute  4.  Mr.  Hull's  mi^,  as  revised  by  him,  is  to  aocompany  his  evidence.  He  is  to  have  a 
small  number  of  coraes  ibr  his  own  use,  on  ^e  understanding  that  he  will  not  make  them  public 
till  the  Report  of  we  Oonimismon  is  finished.   Cofnee  were  given  to  lb.  Hull,  and  to  the  members 

present 

Mvtmte  5.  Mr.  Aistow's  table  is  to  aooompany  lus  evidence.  Copies  were  given  to  Uie  members 
preaent,  and  to  Mr.  Oodwin-Austen. 

The  following  witnesses  were  then  examined : — 

1.  Professor  PhilHps ;  2.  Mr.  QeiHe ;  S.  Mr.  Green ;  4.  Mr.  Howell ;  0.  and  Mr.  Wud. 

>       ■      -  A.  C.  lUUBAT. 


PBtNmssoB  John  Pholxps  examined. 

ywrtrynrr        641.  (^CKaimum),  What   is  your  opinion  with  Bed  formation,  and  in  ea(^  oue  the  experiment  has 

J.  FI^Bip*.    regard  to  the  Bb«ta  which  lie  ib  the  north  of  En^and  been  dropped  jnst  about  the  place  in  <he  geological 

  underneath  the  Permian  and  Secondary  rocks  in  the  aeries  whwe  it  would  have  Iwen  desirable  to  Mgin 

» nb.  1869.   district  which  lies  betwem  the  south  end  .of  the  it.   One  expoimmt  waa  made  at  Easingwold,  alwat 

Durham  coalfield  and  the  north  end  of  the  Torkshire  13  miles  north  of  York.   What  tUer  imagined  to  be 

coalfield? — ^In  that 'country  a  certain  number  (very'  &,  eufflclent  depth  was  about  500  feet.    When  they 

few)  of  trials  have  been  made  for  ,c0al,  and  the  '  reached  that  depth  they  stopped, 
sinkings  have  all  penetrated  to  some  depth  in  the       641a.  In  what  formation  were  they  when  they 

Idas  formation,  6c  else  to  acnne  depth  in  the  New  stopped  ? — Th^  began  with  Liaa  and  ceased  in  the 
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lower  Liu.  Anotbei'  experuoeat  wm  made  .en  the 
banks  of  the  Tees ;  not  for  coal,  but  for  getting  -wafOF, 
It  was  made  by  Measrs.  Bolckow  and  Vaaghap.  It 
was  about  1,500  feet,  and  they  came  to  a  thick,  mass 
of  rock  salt.  In  the  Cleveland  distfiot^  a  boring  was 
made  to  a  considerable  depth  by  Lord  De  Lisle,  and 
another  in  the  ralley  of  the  £sk,  near  Whitby.  An 
interesting  experiment  has  been  in  progress  for  some 
time  onder  the  direction  of  Bfr.  Webb  NewiBtead 
Abbey,  cm  his  property  in  Yorkshire  ;  it  is  a  little 
east  of  Middleton  Tyas.  At  Middleton  Tyas  .the 
Moontain'Limeatone  i^pears,  end  they  began  their 
unking  to  the  east  of  it,  thinking  that  the  di&rent 
strata  would  c<Haw  en  in  suceeasiony  and  tihat  they 
might  reach  coal.  Those  experiments  are  probably 
not  lUl  that  have  been  made  ;  th^  are  all  which  are 
worth  mentioning.  If  any  of  them  have  been  made 
in  situations  which  would  have  been  recommended 
by  geologists  as  giving  the  best  chance  for  oMl  they 
have  not  been  carried  deep  enough  to  settle  the 
qneetion. 

The  Btratifieation  of  the  country  can  be  described 
with  the  greatest  sim]^city.  On  the  eastern  bmm- 
daiy,  between  the  coalfields  of  YorkBhire  and  Durham, 
the  Pennian  rocks,  resting  nnconfminably  on  the 
Carbonifbrons  strata,  hare  been  anligeot  to  daanda- 
tion  i^  a 'Very  ranarkable  kind  at  Bonw  early  period. 
That  denndation  has  caused  breaks  in  diis  line.  .All 
the  country  to  the  west  is  an  elerated.  iiraet,  vbidi 
contains,  superposed  upon  the  Idmestoue8,^aU  tiie  beds 
of  the  Millstone  Grit  series  up  to  the  very  upper- 
most, that  is  to  say,  to  the  Bough  rock  as  Mr.  Binney 
calls  it  This  general  elevation  is  determined  by 
more  than  one  anticlinal,  but  it  may  be  described  as 
one  grand  anticlinal,  riring  from  Xorkshire  to  the 
northward  and  from  Durham  to  the  southward.  The 
boundarira  ai'c  not  marked  exacUy.  There  is  no  fimlt 
on  the  Yorkshire  aide,  but  there  are  dialooatiens  on  the 
northern  boimbaiy.  Now  when  yon  come  to  consider 
the  efibct  of  that  to  the  eastward  for  the  purpose  of 
your  questiook,  yon  will  observe  that  the  rising  of  the 
strata  on  the  southem  boundary  oi  this  tnet  is 
almost  SKaetly  to  the  north,  paralld  to  the  course 
of  the  River  Aire.  It  is  ra^io*  a  ste^  inclination, 
rising  to  become  steep  from  tiie  conn^  a  littiie  south 
of  Leeds,  which  is  almost  t^e  centre  of  the  Great 
Yorkshire  basin.  Every  single  bed  which  is  visible 
there  eau  be  traced  again  over  the  greater  part  of 
this  country.  I  mean  those  beds  below  the  Suable- 
Coal  measures,  in  particular  Uie  bed  which  yon  and 
most  of  the  gentlemen  here  know  by  the  title  of  the 
Gnnister  Bcttk,  or  the  Ganister  Coal,-  and  that  is 
a  coal  which  can  be  traced  very  well  with  flw 
greatest,  exactness.  Now  the  stratifioations  rise  from 
this  point  to  the  northwards  i  they  rise  to  the  north- 
wards of  the  tme  Goal  meaenree,  and  occnpy  all  the 
space  from  the  Leeds  oonntry  until  yon  eone  to  the 
bank  of  the  Tees.  The  Millstone  Grit  serieB  is  quite 
complete,  and  it  would  appear  as  if  tiie  stFafeifleationB 
were  extremely  aimiliur  on  the  northern  and  southern 
sides  of  this  locality  as  far  as  relates  to  tiie  Millstone 
Grit  series.  As  far  as  that  set  of  rocks  goes,  it 
would  seem  as  if  the  basins  had  been  at  flrst  con- 
nected, and  afterwards  separated  by  elevation  and 
erosion.  Tlien,  as  to  the  occurrence  of  parliid  rolls 
in  this  district,  north  of  Kpon  there  is  such  a  roll  ; 
it  is  a  depreesioUf  and  in  that  pwt  I  think  it  probable 
that  further  research  will  show  the  occurrence  of  the 
Granister  Bed.  I  think  that  it  is  possible,  but  we 
have  not  yet  ascertained  it.  Bnt,  excepting  that, 
there  is  not  a  porticm  of  the  whole  country  iriiich 
shows  anything  above  the  uppermost  Millstone  Grit. 

Now  as  to  the  Duriutfn  ooaUeld,  eyarybody  here 
is  probably  quite  amre  that  the  aotoal  worUngs' 
prove  a  great  mai^  points  wMcfa  are  not  universally 
known.  One  of  ue  points  is,  that  in  the  southern 
collieries  of  Durham,  especially  about  Wingate,  the 
lower  beds  of  coal  are  ascertained  to  turn  up ;  they 
do  not  there  conform  to  the  snperincnmbent  Permian 
rocks,  but  they  turn  up  to  the  sontiiward }  and  it 
wwU  seem  as  if  on  die  Darhain  «de  the  whole 


of  that  great  egaae  m»  ape  cfwundering.waa  cut  off  by 
sonttfJung  more  than  the  oatural.conrse  of  tbe-  aati-. 
clinaL  There  is  a  oonsideralde  disturbwioe  in  the 
stratification,  and  all  to  the  west  and  south,  is  broken 
up  by  mineral  veins,  and  all  the  country  to  the 
notth  is  very  much  brokon  up.  In  tiMtt  ccmdition 
we  see  the  MiUstane  Grit  cmmtiy  passing,  to  the 
eastward  and  oovared  over  1)^  the  Fennian  series.  The 
Pwmian  s^es  rests  s^Kxt  it  in  8evffl>al  [daoesi  and 
where  the  Permian  series  is  not  observable  yon  see 
the  New  Bed  Sands tooe.  There  is  not  very  much 
Sandstane  visiUe  in  the  New  Bed  series  of  ^at  pert 
of  the  country,  bat  there  is  siune,  and  you  see  the 
New  Bed  Marls  resting  upon  or  against  the  older 
rooks*  The  most  renurkable  case  that  I  know  in 
where  the  New  Bed  comes  gainst  the  Mountain 
liimestone  of  Middleton  Tyas.  The  Limestone  of 
Middleton  Tyas  is  the-  uj^rmoet  but  one  ol'  the 
calcareous  beds  of  the  Yoredale  series  of  rooks,  and 
it  is  east  of  that  place  that  Mr.  Webb  has  made  his 
es^ieriment.  Now.  if  you  consider  what  is  the  nature 
of  that  ease^  firsts  nearly  the  uppermost  bed  of  the 
Toaredale  rocks,  then  the  wfac^  Millstone  neries 
superposed  upon  that,  the  thickness  of  this  tieries 
being  1,000  feet;  then  above  that  you  have  to 
reckon  a  certain  portioii  of  unprodnotive  Coal  mea- 
sures, of  oonrse  the  lower  part,  and  then  you  oomQ 
to  the  Suable  ooal  series.  NoW  in  wder  to  anive 
at  the  proper  position  of  these  stavtifioatiims  .to  the 
east,  if  we  take  the  (ndinary  dip  of  the  country  oa 
a  great  scale  (about  1  foot  in  SO),  you  will  re- 
quire to  go  several  miles  to  the  eastwwd  accoi'ding 
to  the  most  favourable  condition  of  thiogs  to  get  the 
coal  strata  superposed  upon  the  others.  I  may  now- 
return  to  the  southern  ixmndary,  and  I  must  observe 
to  yon  that  the  Coal  measures  are  known  experi- 
mentally to  pass  under  the  Permian  series  there.  It 
is  perfectly  well  known,  and  it  would  be  the  case 
that  there  would  be  plenty  of  experiments  for  coal 
to  the  eastward  of  the  present  boundary  oi"  the 
working  coalfields  but  the  faot  that  iu  this 
Torkdiire  series  the  very  uppermost  psrts  of  the 
Coal  measores  nther  omitain  vei^  littls  eo^  or  the 
ooal  is  of  a  poor  qnality,  and  m  thin  beds.  You 
must  pass  through  several  hundred  feet  in  the 
country  near  Pcmtefract  to  come  to  a  bed  of  coal 
worth  working  in  these  days.  Now  if  it  had  been 
otherwise,  ^and,  like  the  Derbyriiire  series,  with  the 
^perioT  beds  of  coal  at  no  great  depth  as  they  pass 
under  the  Limestones,  there  would  have  been  plenty 
of  experiments  ;  but  t^ere  have  been  few,  and  the 
few  which  have  been  made  have  not  been  suocessful. 
An  experiment  was  tried  at  W<nnerd^  under  the 
direetion  of  Mr.  Tbori>e,  a  skilful  local  geologist.  It 
tunted  out  munccessfuliy,  and  the  reastm  I  think 
was,  tiiat  it  had  not  been  considered  that  Hbe  ooal 
wideh  vras  likely  to  be  got  in  that  situati<ni  would  be 
thin,  and  be  bad,  and  ^bat  there  would  be  little  of  it. 
I  tiiink  that  tiie  experiment  mi^t  have  been  taried 
in  a  better  sitoation,  and  that  they  ought  to  have 
gone  down  1,000  fbet  deeper  before  they  could  have 
expected  to  get  very  good  coal.  Then  another  expe- 
riment has  been  tried  hj  the  side  of  the  Trent^  at  a 
place  called  Reedness.  There  they  began  to  sink  in 
the  New  Bed  MarK  They  went,  I  tiiink,  about 
1,000  fVtet,  perhaps  something  more,  and  ceased  in 
the  Bed  Marls.  I  will  now  refer  a  little  to  the 
Yorkshire  ooale,  which  are  found  on  the  north  side 
df  the  Biver  Aire.  Th^  are  remarkably  persistent. 
That  Ganister  coal,  I  believe.  Is  the  most  persistent 
of  all  in  this  kingd!(Mn.  It  ranges  jffodigioiisly  in  its 
extent  Yoa  can  trace  it  Stoia  the  oountcy  niffth 
of  Leeds  all  round  the  Totkslure  coKlfi^  until  you 
come  to  Ambergate  in  Dwhyshire.  The  other  beds- 
fi^w  with  great  regularity,  and  th^  all  direct  them- 
selves eastward  in  a  omtinuons  course  and  the^ 
pass  under  the  Magnesium  Limestone ;  so  tjiat  in 
that  part  it  is  perfectly  cwtain  that  the  best  coals 
of  -tbe  Torkshtre  series  continue  £or  some  distance,  ai 
preeeM  unknown^  to  the  eastward.  Now  Ae  ooals 
are  very  abundant  there.   Th^  are  got  up    a  very 
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A^kMcw  small  depth  about  Abedbrd,  and  there  is  little  in- 
J.  fieS&p*.  ducement  there  to  parties  to  sink  pits  to  the  eastward 
gUMTTflita  ****  actual  boundary.  There  the  stratificaticm  is 
determined  by  the  axis  of  movement,  which  never 
ceases  imtil  it  reaches  the  western  pu^  of  Craven. 
The  probability  is  that  coal  runs  far  to  the  eastward  ; 
dierefore^  if  yon  draw  a  line  conjecturally,  I  think 
tiiat  the  safest  thing  would  be  to  draw  this  line  con- 
siderably to  the  eastward  bef<»re  you  could  expect 
that  there  wonld  be  any  return  of  the  curve  to  meet 
the  coalfield  in  Dmham.  Then  with  i-espeot  to  the 
northern  coalfield,  you  see  that  just,  in  the  same  way 
liie  direclioa  of  the  outcrop  of  the  coal  is  toward  the 
eft8t4oaih-east ;  and  since  it  has  an  extrsmdy  r^nlar 
strike,  which  does  not  cease  until  it  reaches  Alston 
Moor,  I  think  that  you  must  draw  the  line  con- 
siderably to'  the  eastward  before  you  can  safely 
venture  to  turn  round  the  curve  to  join  the  southern 
boundary.  The  meaning  of  tiiat  is,  that  any  experi- 
ment such  as  that  referred  to  near  Middleton  Tyas 
must  be  regarded  with  great  interest,  but  in  order 
fully  to  test  the  occurrence  of  coal  in  the  great  tract 
we  are  considering  to  the  eastward,  I  suppose  that  It 
would  be  better  to  choose  a  situation,  under  the 
probable  circumstwces  of  the  case,  south  of  the  line 
of  the  Yorkshire  outcrop,  or  else  north  of  the  line  of 
the  Durham  outcrop.  {Pointing  to  the  map.)  And 
I  should  suppose  that  in  either  of  those  cases  it  would 
be  a  matter  not  at  idl  unrea8<niable  to  think  that  coal 
might  be  found,  bnt  it  would  be  at  a  gnaX  depth  in 
the  northern  pia>t,  and  at  a  considerable  depth  in  the 
southern  part.  When  I  say  a  considerable  depth,  I 
should  say  2,000  feet  or  so.  I  should  call  that  a  very 
moderate  depth  to  get  coal  in  the  new  countries. 

642.  Do  you  think.it  more  probable  that  these 
two  coalfields  may  meet  far  to  the  east,  somewhere 

'  under  the  Secondary  strata,  than  that  they  are  entirely 
separated  from  each  other  and  form  two  basins,  the 
southern  ^nd  a  part  of  the  northern  and  the  eastern 
sides  of  which  are  concealed  by  Permian  and 
Secondary  rocks  ? — In  the  one  case  you  would  have 
this  bann  retuniing  in  some  manner  to  itself,  so  as  to 
close  the  curve,  and  in  the  other  case  you  would  have 
a  space  of  old  rocks  between  bands  of  Coal  measures. 
I  think  that  the  best  answer  which  I  can  make  is, 
that  I  do  not  know  which  of  these  sappositions  to 
cho<Me,  I  think  that  yoa  may  choose  whieherer  yoa 
like ;  but  in  either  case  the  argument  which  I  am 
using  applies  to  it,  that  is  to  say,  that  it  wonld  not 
be  prudent  to  speculate  upon  the  retnm  of  the  curve 
except  on  a  line  far  to  the  east,  and  that  it  would  be 
better  to  commence  an  experiment  somewhere  so  as 
to  agree  with  this  condition.  We  have  before  us  one 
vast  anticlinal  across  the  whole  country,  connected 
with  broad  upheavals  to  the  north  and  south,  and 
seeing  its  extent  and  permanency  I  cannot  reasonably 
expect  to  find  a  return  of  the  curve  within  a  moderate 
distance  to  the  eastward.  On  the  whol^  it  is  most 
likely  that  the  anticlinal  continues  very  far  to  the 
eastward,  and  therefore  closes  for  many  years  any 
probabili^  of  coal  in  that  direction ;  but  I  do  not 
think  that  it  shuts  out  the  probability  of  coal  in  the 
southern  part  of  tiie  vale  of  York  or  the  eastern  part 
of  Clevelimd. 

642a.  Then  the  question  stands  thus  :  posmbly  the 
two  coalfields  may  be  joined  underneath  the  Seoondaiy 
strata  far  to  the  east  ? — ^Yes. 

643.  And  possibly  there  may  be  two  independent 
basins  ?-~Yes.  I  am  dubious  of  using  the  word 
"  basin,"  because  I  am  under  the  impression  that 
several  of  these  coalfields,  though  now  separated,  are 
not  original  basins. 

643a.  Fossibly  th^  are  two  basins  which  have 
been  entirely  separated  by  denudation  ? — ^Yes. 

644.  And  in  your  opinion  there  is  as  much  to  be 
•aid  on  the  one  side  as  on  the  other  ? — think  so^  in 
a  practical  point  of  view. 

645.  (itfir.  Waodkotue,)  Can  yoa  mention  the 
depth  to  which  Hr.  Webb  had  gone  in  the  boring  ? — 
I  am  sorry  that  I  cannot  mention  that.  The  io- 
formatiw  which  I  hitd  was  th*t  it  went  only  a  tew 
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hundred  feet ;  that  information  was  given  two  years 
ago. 

646.  Some  two  years  ago  I  saw  Mr.  Webb,  and 
this  boriog  was  the  subject  of  conversation,  but  it 
had  not  then  reached  very  far  ? — I  saw  him  the  other 
day,  but  it  did  not  occur  to  me  to  ask  him  about  that 
experiment.  The  section  goes  beyond  the  Permian 
beds  ;  that  is  a  very  interesting  fiict. 

647.  (Chatrman,)  It  has  been  put  in  evidence 
that  probably  the  southern  end  of  this  coalfield  is 
turning  round  to  the  south-east,  and  that  between 
tiie  Leicestershire  country  below  the  Coal  measures 
and, the  southern  borders  of  the  coalfield  a  large 
portifHi  of  tiie  coontry  beuMUh  the  Seconduy  rw^ 
in  all  probability  consists  of  Millatone  Grit.  I  ahonld 
like  yoa  to  state  your  opinion  as  to  what  is  becnniug 
of  that  coalfield  underneath  the  Secondary  rocks  at 
its  soatfaem  end  ? — That  in  some  measure  is,  I  think, 
a  question  which  ven^  much  bears  on  what  we  have 
been  considering,  wiui  only  this  peculiarity,  that  all 
the  Derbyshire  stratifications  (and  you  may  include 
North  StaffiDrdshire  in  the  term)  generally  are  beds 
breaking  off  to  the  south  in  such  a  manner  that  at 
some  point  the  Mountain  Limestone  is  in  contact 
with  the  snperincumbent  Kew  Bed  or  Permian  striM^a; 
at  another  point  the  shales,  iriiich  correspond  to  the 
Yoredale  rocks,  are  in  similar  cmtact ;  at  another 
point  the  Millstone  Grit ;  and  at  another  point  the 
proper  Coal  measuru ;  and  the  order  of  snecenuon  is 
just  what  I  hare  mentitmed.  The  Yoredale  rocks 
are  touched  in  the  western  part,  the  Millstone  Grit 
in  the  middle  part^  and  the  Coal  measures  in  the 
eastern  part  ;  so  tiiat  there  is  an  obvious  nnoMi- 
fonnity  between  the  superincumbent  deposits  and  the 
old  stratifications.  These  stratifications  are  a  good 
deal  disturbed  along  that  southern  border.  You  may 
easily  see  that  that  is  the  case.  With  respect  to  the 
Limestone  series,  it  is  quite  remarkable.  The  Mill- 
stone Grit  is  a  good  deal  disturbed  about  Stanton, 
and  the  same  is  the  case  with  respect  to  the  coal, 
though  not  to  the  same  extent.  Therefore  here  is  a 
boundary  which  is  occupied  on  die  southern  side  by 
all  these  supeiincnmbent  strata,  and  that  boundary  ia 
an  ancient,  eroded,  worn,  and  degraded  boundary. 
It  cannot  be  shown  distinctly  to  be  a'  fault  line, 
neverUieless  it  is  highly  prcAable  that  it  is  a  fault 
line.  You  remember  perfectly  well  the  case  of  the 
Malvern  Hills,  where  we  cannot  trace  in  every  part 
a  fault  liiu^  though  there  is  no  doubt  that  there  is 
one,  bnt  it  has  been  so  «x>ded  by  subsequent  water 
action  that  it  is  disguised.  I  think  that  that  is  the 
case  here,  and  it  is  probable  for  other  reasons.  You 
discover  along  tMs  boundary  a  very  large  quantity  of 
pebbles,  many  of  which  are  derived  from  the  rocks 
of  the  interior  ;  they  are  principally  local  pebbles. 
That  being  the  case,  we  are  left  very  much  at  a  loss 
to  give  any  probable  conjecture  as  to  the  continuation 
and  depth  of  these  strata  to  the  south.  But^  in  the 
first  place,  these  deposits,  which  lie  alongside  the  car- 
boniferous system,  are  all  undoubtedly  very  duck,  and 
they  lie  in  such  a  manner  as  oitirely  to  disgniae 
evety  thing  of  a  carboniferous  nature  until  yoa  come 
to  the  soathem  side  about  Breedon-on-tlw-HiU  and 
the  country  north  of  Ashby-de-la-Zoach,  where  the 
rooka  wbicui  you  see  as  a  boundary  inside  ibia  red 
country  are  chiefiy  the  Mountain  Limestone.  As 
to  Milhitone  Grit,  I  can  hardly  say  that  my  own 
knowledge  would  assure  me  that  thwe  is  madi  of  it 
there. 

648.  There  is  some  7 — Yes,  no  doubt,  but'  I  think 
not  much.  Hie  exposure  of  the  Ashby-de-la-Zooch 
coalfield  is  by  no  means  complete ;  there  the  Limestone 
is  in  various  patches,  and  the  whole  is  distarbed. 
We  have  therofore  a  disturbed  outline  on  the  ncffth, 
and  also  a  disturbed  country  on  the  south,  and  there 
is  no  such  thing  as  a  clear  continni^  of  strata  of 
the  Nottinghamshire  coalfield  to  the  south,  or  of  the 
LeiceeteiBUre  coalfield  to  the  noeth.  So  that  I  think 
the  fiftiUt  line^  at  line  of  eroaiw,  ought  to  be  extended 
conaiderably  to  the  eastward  of  the  Permian  boondaiy. 
Kow  as  you  draw  thoso  linm  «ma  distance  to  tho 
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eastward,  othw  considerations  come  in  ;  fbr  instance, 

the  ancient  rocks  of  Charnwood  Forest  begin  to  make 
their  appearaoce*  under  sach  circamstances  that  I 
hold  it  to  be  most  probable,  that,  in  the  whole  of  the 
Midland  district,  the  subterranean  region  is  formed 
in  ridges  and  bosses,  with  here  and  there  exhibitions 
of  rocks  like  the  Malvern  rocks  or  those  of  Guam- ' 
wood  Forest.  I  think,  therefore,  that  nothing  like  a 
continuous  coalfield  will  be  found  between  the  Not- 
tingham coalfield  and  the  coalfield  of  Ashby-de-la- 
Zouch.  That  is  of  course  only  an  inference ;  hut  I 
have  stated  the  important  fact,  namely,  that  on  the 
nordieni  and  southern  sides  the  country  is  greatly 
broken,  and  that  there  is  nothing  upon  which  yon 
can  safely  rely  for  a  continuation  of  coal  from  one 
side  to  uie  ouier.  I  might  add,  that  the  sections 
of  the  ooiUfields  are  very  different ;  the  sections  of 
Ashby-de-lfr>Zoach  are  very  different  ftam  those  of 
the  Nottinghamshire  and  Derbyshire  district.  There- 
fore my  present  opinion  is  unfavourable  for  a  great 
part  of  the  space  to  the  south  of  the  Derbyshire  and 
Nottinghamshire  coalfield,  and  north  of  the  Ashby- 
de-la-Zouch  coalfield. 

649.  Are  you  aware  that  a  boring  has  been  lately 
made  by  Sir  Robert  Clifton,  who  is  present  ? — I  knew 
that  Sir  Robert  Clifton  had  been  reported  to  be 
boring. 

650.  (-Sir  Robert  Clifion.)  I  have  put  down  three 
bore  holes ;  two  south  of  the  Trent,  and  'one  north. 
One  is  about  half  'a  mile  from  my  hnase,  another  a 
mile  and  three  qoarters,  and  the  other  about  tliree 
miles. 

661.  {Profttaor  Phillips.)  I  should  be  glad  to 
hear  that  Sir  Robert  Clifton  had  got  coal.  It  is  very 
much  more  likely  to  be  found  there  than  in  other 
places. 

652.  {Sir  Robert  Clifton.)  The  trials'  have  been 
very  satisfactory.  In  the  three  bore  holes  I  have 
given  the  strata  to  Mr.  Green,  and  I  think  that  he  is 
perfectly  satisfied  of  the  existence  of  a  large  coalfield, 
and  likewise  of  the  way  in  which  the  register  of  strata 
was  kept,  and  which  prove  beyond  the  possibility  of 
doubt  the  existence  or  coal,  and  likewise  the  quality 
of  it 

653.  {Profeuor  PhilUps.')  Sir  Robert  Clift<»i  of 
oonrse  began  in  the  New  Red  Marl  ;  that  is 
certain. 

654.  {Sir  Robert  Clifton.) .  We  go  through  the 
New  Red  fbrmalion,  and  get  the  Grey  Sandstone. 

655.  {Chenrman  to  Proftttor  Phillips.)  In  con- 
nection wiUi  the  probability  of  rocks  older  than  the 
Coal  measures  east  of  Charwood  Forest  occupying  a 
great  part  of  the  country  beneath  the  secondary 
rocks,  a  great  deal  of  evidence  has  been  taken  on  that 
point  as  to  the  opinion  of  the  best  geologists  who 
have  considered  the  question,  Mr.  Prestwich  and 
others ;  and  perhaps  it  would  be  best  to  take  your 
opinion  upon  that  point  before  we  ask  you  to  say 
something  with  regard  to  the  cotdfields  in  the  middle 
and  west  of  England.  Evidence  has  been  token  to 
show  that  in  the  opinion  of  some  witnesses  not  only 
does  this  great  anticlinal  which  lies  between  the 
Durham  and  Yorkshire  coalfields  extend  to  the  east 
evea  underneath  the  sea  on  the  eastern  coast  of 
Torkshire,  but  that  the  Rdieozoic  rocks  are  in  the 
mun  continued  undnmeath  the  sea,  and  underneath 
the  secondary  rocks  on  the  east  of  England,  say 
from  Yorkshire  on  the  coast  along,  possibly,  ihe 
ground  which  lies  beneath  the  moutli  of  the  Hum- 
ber,  and  over  the  country  occupied  by  the  Wash, 
and  the  countries  which  surround  the  Wash,  and 
so  downwards  to  the  very  south  of  England,  under- 
Death  the'  valley  of  the  Thames,  and  in  Sir 
Roderick  Murchison's  opinion  as  far  west  as  the 
borders  of  the  Somersetshire  coalfield.  If  this  be  the 
case  there  would  be  no  probability  of  even  Coal  mea- 
sures being  found  in  that  area.  That  is  the  opinion 
of  some  witnesses  whom  we  have  examined,  and 
othei's,  Mr.  Prestwich  wd  Mr.  Godwin-Austen,  are 
of  opinion  tliat  p(ntions  of  the  coalfield  which  lie 
luutonimth  the  aeccoidsry  vw^n  of  France  may  pass 
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underneath  the  tertiary  and  secondary  strata  of  parts 

of  the  south-east  of  England,  especiuly  in  the  neigh- 
bourhood of  the  Thames ;  and  ^so  that  independent 
basins  of  coal  connected  with  this  question  may  pos- 
sibly lie  underneath  the  secondary  rocks,  not  far  to 
the  east  of  the  eastern  mai^in  of  the  Somersetshire 
coalfield,  where  that  eastern  margin  is  concealed  by 
the  secondary  strata.  It  is  a  large  question,  and  I 
should  like  you,  if  you  will,  to  give  us  your  opinion 
on  the  general  bearings  of  the  qnesdon  in  as  few 
words  or  as  many  as  you  may  wish  to  use  ? — I  will 
use  the  fewest  words  regarding  the  probable  or  pos- 
sible sweep  of  the  Scandinavian  rocks  under  the  sea, 
and  nuder  this  vast  tract  of  a>unti7,  where  nothing 
of  the  sort  can  be  seen.  One  would  naturally  ask  in 
such  a  case,  what  ia  the  evidence  which  is  relied 
upon  ?  I  myself  suppose  that  the  principal  part  of 
the  evidence  would  be  that  the  direction  of  the 
Scandinavian  rocks  is  known,  which  direction  would 
continue  just  into  this  quarter  ;  and  that  would  not 
be  a  bad  argument,  because,  with  respect  to  the  rocks 
in  the  northern  part,  namely,  the  Scandinavian  gneiss, 
the  continuation  of  them  through  the  Scottish  country 
can  fairly  be  inferred,  and  also  the  continuation  from 
the  Highland  district  of  Scotland  into  Donegal  ond 
that  elevated  region  of  Ireland  j  therefore  it  is  pro- 
bable enough  that  the  strike  of  the  strata  may  be  in 
the  direction  pointed  out ;  but  I  am  not  mysdf  aware 
of  any  evidence  which  can  be  brought  to  bear  upon 
the  sulgect  at  all,  excepting  an  extraordinary  case 
near  Harwich  a  few  years  ago,  where  a  well  was 
sunk  beginning  in  the  tertiary  strata,  and  it  pa»ed 
through  the  <£alk  and  came  to  strata  which  caused 
some  little  trouble  in  the  interpret^ion  of  them. 
There  came  up  with  the  boring  tool  a  core,  and  when 
it  was  examined  it  appeared  to  be  a  rock  of  the 
Paleozoic  age,  and  if  we  were  to  fix  exactly  the  age 
by  the  fossils  in  it  it  appeared  to  me  to  correspond 
with  the  lower  portion  of  the  Carboniferous  series  of 
North  Devon.  The  core  which  was  brought  up 
enabled  us  also  to  see  that  the  stratification  was 
inclined.  Many  gentlemen  present  are  aware  of  the 
very  great  advantage  which  we  now  have  in  exa- 
mining the  material  in  a  core.  The  core  so  brought  up 
went  to  give  us]  this  information,  that,  very  much  to 
our  surprise,  the  ordinary  succession  of  the  strata 
below  the  dialk  was  not  found  to  obtain,  but  that 
there  was  a  case  of  unconformity  by  these  strata 
lying  upon  a  rock  so  old  as  the  lower  part  of  the 
Carboniferous  system.  But  if  the  Carboniferous 
system  existed  there,  everything  which  we  know 
cnnceming  that  system  would  lea«l  us  to  conclude 
that  somewhere  or  other  in  connection  with  some 
roll  or  other,  of  which  that  is  a  part,  that  whole 
system  of  rocks  might  be  expected  to  be  found. 
Therefore  it  appears  to  me  very  probable  that  the 
rolls  do  continue  from  Scondinavia,  but  that  they  are 
complicated  with  many  undulations,  and  that  some- 
where or  other  along  the  course  of  those  hollows 
which  are  presumed  to  exist  coal  ought  to  be  found. 
If  yon  grant  the  continuation  of  the  anticlinal,  I 
think  that  yon  must  carry  with  it  the  probable  conse- 
quences, and  those  are  that  the  anticlinal  cannot  be 
sin^e,  or  at  all  events  if  it  be  single  it  is  too  mnch 
to  assume  that  it  is  altogether  unfavourable  to  the 
occurrence  of  beds  of  coal  on  one  or  other  of  its 
slopes,  but  if  it  is  liable  to  rolls  in  some  of  the 
hollows  you  may  find  coal. 

656.  Do  you  know  the  direction  of  the  dip  in  that 
boring  of  the  Palceozoic  rocks  ? — No.  No  man  has 
been  able  to  tell  that;  but  I  have  been  studying  a 
method  which  will  discover  the  exact  direction  of  the 
material  brought  up  in  bore  holm.  I  can  only  say 
that  I  have  seen  the  specimens  from  Harwich,  and 
that  they  show  inclined  laminee.  I  wish  that  I  knew 
in  what  direction  they  inclined.  If  at  Harwich  the;, 
inclined  in  the  northerly  direction  I  should  be  very 
willing  to  take  a  share  in  a  colliery  somewhere  to  the 
murth  of  Harwidu 

657.  {Mr,  Gvdwin'Aitnen  through  the  C/ienn 
man.)       not  the  peraon  who  oondaoted  the  bore- 
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hole  notice  the  direction  in  which  the  instrument  was 
turned  aside,  and  also  notice  the  fact,  <^  the  particular 
plane  of  cleavage  which  had  affected  the  instrument  ? 
Was  not  the  direction  in  which  the  strata,  inclined 
there  inferred  from  that? — X  know  that  that  was 
noticed  at  the  time.  It  is  for  a  pracdoal  man  to  say 
whether  he  has  much  confidence  in  that  statement, 
it  is  a  thing  to  which  I  have  devoted  a  good  deal  of 
attention,  and  I  think  that  it  is  extremely  difficult  to 
be  satisfied  about  it  at  all,  because  very  few  persons 
can  aay  how  much  the  rod  twists  in  the  course  <tf  the 
work,  whatever  rod  you  employ. 

657a.  {Mr.  Dickinson.)  Is  it  quite  clear  that  it 
was  a  rod,  and  was  not  a  rope,  because  many  ropes 
are  used  Iq  boring  ? — I  do  not  know. 

6o8.  {Mr,  Godioin-Austen  tkroi^k  the  Chair- 
man.) You  have  compared  the  rock  brought  up  from 
the  bottom  of  the  Harwich  well  with  the  Kortb 
Devon  ? — Tes. 

659.  Did  it  not  more  ^closely  correspond  with  the 
Westphali^  rock  ? — It  cmtained  the  Fosidonia. 

660.  And  it  cleaved  in  the  same  way  ?-«Yes. 
The  two  rocks  are  so  much  of  the  same  age  that  I 
would  accept  either  of  those  propositions,  whichever 
was  preferred.  I  think  that  it  is  important  to  feel 
conGdcnce  that  you  have  at  any  rate  the  lower  part  of 
the  Carboniferous  ^stem,  or  hereabouts  ;  and  upon 
that,  no  doubt,  conclusions  of  some  importance  at 
some  day  or  other  vrill  hang,  t  forget  the  inclina- 
tion ;  it  was  as  much  as  30  degrees,  was  it  not  ? 

661.  {Mr.  Godwin-Austen.)  Yes. 

662.  {Professor  Phillips.)  1  will  now  turn  to  the 
second  branch  of  the  chairman's  question.  First,  let 
me  cobfine  myself  to  the  fact  of  the  continuation  to 
the  eastward  of  the  Leicestershire  coalfield.  With 
respect  to  ihat  country,  X  cannot  help  thinking  that 
we  are  sure  that  we  possess  in.  the  Chamwood 
Foiest  district  the  evidence  of  a  very  great  anti 
clinal  roll.  The  evidence  is  of  a  very  peculiar  but 
I  think  oS  a  very  satis&ctory  sort.  You  are  quite 
aware  that  among  the  •sure  things  which  have  been 
ascertained  touchizig  th^e  great  matters,  nothing  is 
surer  than  this,  that  the~  intersection  of  a  plane  of 
cleavage  with  a  plane  of  stratification,  both  taken  on 
a  very  great  scale,  whatever  be  the  position  of  the 
anticlinal  or  the  synclinal,  judged  of  in  the  ordinary 
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IS  in  a  horizontal  line.  Now  upon  that  rests 
this  other  thing.  Everybody  knows,  and  nobody 
better  than  the  chairman,  how  very  extensive  these 
lines  of  cleavage  are,  and  that  yon  have  casM  where 
the  anticlinal  stratification  becomes  coniUsed,  and 
nevertheless  the  cleavage  planes  veiy  often  direct  you 
as  to  the  real  nature  of  the  great  earth  movement. 
Now,  that  Implied  to  Chamwood  Forest  teads  to  the 
renuu'kable  result  that  you  will  be  obliged  to 
draw  a  Uue  through  the  whole  country  to  the  foot  of 
Ingleborough,  mid  sweep  it  round  through  the  Cam- 
brian slate  disUict ;  and  I  entertain  no  doubt  that  it 
is  an  indication  of  a  great  subterranean  movement 
which  had  the  same  form.  I  believe  that  there  is 
nothing  more  sure  than  that  relation  of  the  slaty 
cleavage  to  the  strikes  of  elevated  strata  on  a  great 
scale. 

663.  ( Chetirman.)  The  slaty  cleavage  having  been 
produced  before  the  deposit  of  the  CarbonUerona 
rocks  ?— Yes. 

.664.  In  that  countiy  of  Chamwood  Forest  there 
is  an  unconformity  ? — Yes.  Both  in  the  extreme  north- 
west and  on  the  south-west  of  that  distiic^  aiid  fin: 
some  distance  towwds  the  great  cUs^ct  of  ICount 
Sorrel,  the  coal  series  clings  to  those  rocks,  and  the 
coal  is  produced  against  that  which  was  ancient  land. 
I  have  no  doubt  that  that  land  was  much  more  ex- 
tensive than  it  appears  now,  and  that  it  has  been 
wasted  in  all  directions  ;  but  I  do  not  believe  that  it 
follows  as  a  certainty  from  that  that  all  the  coal  is 
carried  away  ;  on  the  contrary^  I  think  that  the  same 
aivoment  applies  here,  and  that  where  the  -  anticlinal 
rio^  comes  to  an  end  the  coal  is ,  continuous  for  a 
considerable  distance  on  the  south-west  side  of  that 
odge;  andlsIuKildthinkit  bynomeam  oawise  to 


reponunend  sinking  for  coal  to:tfao«outh-«a8t  a(  the 
axi^  of  Chamwood  Forest.  I  hold  that  to  ba-ft  vezy 
continuouf^  aoticliiuil.  I  see  that  it  ia  aa  aBtittliiial  to 
which  the  coal  has  been  diiu;iqg.  X  see  that  the  eoal 
is  continoooa  from  U  much  ftrtSer  thaa  has  jet  beea 
worked  to  the  south  west,  and  thwefore-  .I  suppose 
tii^in  a  Bouth-aasterly  djreclitm  from  the  present 
coalfield  coal  may  be  looked  for  ;  I  thertdbra  shoald 
be  disposed  to  put  a  rather  dark  shade  over  m  eon- 
siderable  district  of  country  there. 

665.  To  the  north-eastern  side  of  that  aatiidinal 
would  you  do  so  ? — I  am  very  doubtful  of  that.  I  am 
disposed  to  think,  from  what  I  perceive  on  the  northern 
^Ide,  that  the  country  is  very  much  more  broken  tbrna 
on  the  other  side.  I  think  that  itis  rather  an  important 
piece  of  argument. 

666.  How  far  do  you  suppose  that  the  coal  mea- 
sures on  ^e  south-western  side  of  the  antsdiiid 
extend  to  the  south-west  underneath  the  new  Bed 
Strata  ? — ^Before  I  answer  that  questiou,  which  I  will 
do  as  fully  as  I  possibly  can,  I  oi^t  to  mentiiMi  tiiat 
I  am  possessed  of  some  private  mfonnaticm  on  that 
subject  which  I  am  not  at  liberty  to  oommunicate,  bttt 
I  am  quite  at  libaliy  to  communicate  geoeml  »rga- 
ments. 

667.  The  genwal  question  which  I  wish  to  bring 
out  is  how  far  the  Warwickshire  and  Iieicestershire 
coalfields  may  be  continnom  under  ground,  if  they 
join  ? — To  that  point  I  think  I  can  address  mya^ 
with  confidence.  In  the  first  jJace,  the  axis  of  move- 
ment of  the  Chu-nwood  Forest  district  and  the  axis 
of  movement  of  the  Nuneaton  and  Atherstone  coal- 
field are  parallel.  It  is  also  well  known  that  they 
come  to  some  kind  of  broken  termination  on  the 
westward.  Coal  is  c<mtinuotta  perhsfta  «  Uttle  mora 
than  is  ^own  on  these  maps,  imd  it  makes  a  sort  <tf 
connecti(m  from  one  side  to  ^  other.  On  the  soath 
of  the  Nuneaton  coalfield  is  die  a^ds  of  Ailery,  which 
is  paralleU  To  that  you  have  the  anticlinal  Uirough 
the  Warwickshire  coalfield  of  a  peculiar  kind,  and  t^e 
anticlinals  through  the  other  coalfield  are  paraileL 
Now  I  think  that  nobody  will  be  unwilling  to  admit 
that  where  you  get  in  a  limited  tract  of  country  tikree 
parallel  axes  of  movement  there  is  reason  to  ascribo 
them  to  the  same  fundamental  geological  operaticm, 
I  purposely  omit  the  question  of  its  being  either 
sudden  or  gradual,  but  th^  are  connected  as  put  of 
die  same  great  geol<^cal  movooeat.  If  so,  I  am 
nnder  the  impression  that  it  is  impoaaU)la  to  esci^ 
firom  the  belief,  looking  at  the  movement  which  we 
see  has  affected  the  ctml  foraiation  in  each  thesQ 
cases,  and  has  afiboted,  in<a  alight  degree  at  least,  the 
formations  which  lie  above,  or  one  of  dtem,  that  at 
some  time  or  other  the  great  coalfield  of  Lucesterahire 
was  connected  wiUi  the  coalfield  of  Warwickshire ; 
and  I  am  strengthened  in  that  opinion  by  this  curious 
circumstance,  that  the  Nuneaton  coalfield  terminates 
on  the  north-eastern  by  a  magnificent  line  of  fault.  It 
is  one  of  the  grandest  lines  of  fault  which  can  be  seat 
anywhere,  and  along  that  line  of  fault  there  are  tba 
efieota.  of  metamorphosis ;  there  are  considerable 
bursts  of  trap-rock ;  and  I  am  convinced  that  if  any 
one  will  take  the  section  published  by  the  Geological 
Survey  across  the  coalfield,  and  will  consider  what 
are  the  probabilities,  when  he  sees  these  three  parallel 
axes  of  movement  he  will  come  to  the  conclosiott 
dut  it  is  highly  probable  that  boTween  the  two  coal- 
fields there  are  odi^  axes  of  movement^  and  that  the 
tldng  would  he  repeated  under  ground  which  we  see 
to  e^t  at  the  Buriace.  Therefore  I  am  of  o{Hnion 
that  in  that  tract  of  country  the  coal  exists,  and  I  am 
of  opinion  that  it  exists  in  parallel  hollows  and  troughs 
which  run  in  the  direction  of  the  great  axes  of  move- 
ment. They  will  be  found  in  lines  running  frwi  the 
south-east  to  the  north-west.  I  have  no  doubt  of  that 
fact  myself,  and  I  think  that  the  coal  is  at  an  acces- 
sible depth.  I  think  that  I  shall  not  be  betraying  any 
secrets.  I  have  no  right  to  mention  anything  which 
has  come  to  my  knowledge  as  a  private  enterprise, 
but  my  impression  is  very  .strong  indeed  that  th» 
aeries  of  strato  thwe  over^^ng  dw  coal  foxmetion  is 
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nowberb  of  a  very  coDsiderable  tiiicknees.  I  will  say 
at  once  that  the  Penniiui  Boriea  exists  there,  and  that 
it  18  thin  ;  the  Red  SandBtoneB  and  the  White  Sand- 
Htones  exist,  and  are  not  thick  ;  the  .new  Bed  Marls 
have  been  snnk  to  in  half  a  dooen  places,  and  they 
are  not  Tery  thit^ ;  so  tfaat^  as  &r  as  mere  dejpth  u 
concerned,  tihat  ia  noi  a..conntry  to  fi^hten  any  one 
fixnn  inqnliies.  ' 

608.  Tea  are  wttU  awaro  of  the  sitiiatiQn  of  the 
Hartshill  rock  3-rYu. 

669.  And  that  on  the  eastern  side  of  it  the  new 
Red  Marl  is  brooght  against  it  by  a  fault  Yea. 

670.  Supposing  that  ypa  sunk  half  a  mile  or  a 
mile  east  of  the  Hartshill  rock  thi-oogh  the  new  Bed 
Mwl,  is  it  yonr  idea  that  yoa  woold  como  to  eoal 
measures  there,  or  to  Permian  or  to  Millstone  GMt, 
or,  if  yon  went  deep  enough,  to  all  three? — ^As  it  stands 
at  iHresent,  I  think  that  the  whole  is  a  matt^  for  experi- 
ment ;  but  that  th^  will  meet  with  Permian  I  make 
no  doubt  Ton  are  aware  that  there  igone  parUoolar 
place  where  there  is  a  little  return  of  Hm  stope  of  4he 
beds. 

671.  I  am -well  aware-of  it?— It  is  in  the  lower 
portion  of  the  aeBiee.  Fw  my  own  part,  I  think  that 
one  ought  to  know  more  about  the  extent  and  peca- 
liarity  of  thai  fault  before  coming  to  a  judgment,  as 
to  whether  you  would  be  lik^y  to  get  coal  near  to  it 
or  not. 

672.  The  question  which  I  am  going  to  put  to 
yon  may  look  lik&  a  mere  piece  of  geological  theory, 
but  it  is  fraught  with  most  important  economic  bear- 
ings. Are  yon  of  opinion  that  the  Permian  rocks 
which  cover  the  Warwickshire  coalfield  were  to  a 
fi^eat  extent  dwuded  bef<»«  the  deposit  of  tlie  new 
JEled  Marl  ?-.At  present,  of  course,  it  is  a  matter  oa 
which  there  mast  be  conaiderablediffbrenoesof  opinion. 
My  impression  ii,  that  die  fiwt  of  llie  great  inequali* 
ties  between  the  Fmnian  series  .  and  the  new  Bed 
Marls  is  ratiwr  to  be  explained  the  circumstances 
of  their  original  deposition  than  by  tiie  wasting  away 
of  the  Permian  series  before  the  deposition  of  the  new 
Red  Marls.  My  reason  id  this,  I  discover  places 
where  you  have  a  very  trare  account  <rf  the  Permian 
Hertes,  though  perhaps  it  is  reduced  to  a  few  feet  in 
thickness,  and  there  you  pass  to  increasing  thicknesses 
-withoat  the  ordinary  signs  of  great  denudation  until 
you  come  to  a  situation  where  it  is  very  thick  indeed, 
and  I  am  rather  disposed  to  think  that  yon  mnst 
ascribe  to  accumolatious  of  that  kind  very  much 
more  of  an  originally  local  charaeto''  than  it  ie  neces- 
Hary  to  apply  to  some  others.  So  that  upon  the  whole 
I  should  M  rather  disposed  to  answer  the  question  by 
the  statement  that  I  tiiink  that  originally  there  were 
Xreat  ineqnalitieB  in  the  depositim  o£  the.Pemuan 
beds. 

673.  (Mr.  Woodhouse.)  Are  you  aware  that  an 
experiment  has  just  been;  made  two  miles  to  the  west 
of  the  southern  or  westwn  district  of  the  Leioester- 
Mhire  coalfield,  at  a  place  called  Coton  Park  ? — I  know 
that  it  has  been  be^n. 

674.  It  has  just  come  to  a  successful  termination 
iu  finding  the  coals  at  about  600  feet  from  the  surface, 
with  about  300  feet  of  what  we  caU  there  new  Bed 
Sandstone  ? — I  knew  that  that  expariment  was  going 
on,  but  I  was  not  tnnn  of  the  temunati<m  of  it.  I 
think  that  that  is  only  half  a  mile  or  a  nule  from  the 
existing  bouttdariee  ;  not  ezoeedinKa  mile. 

675.  Not  exceeding  a  mUe  ?— Ilw  triak  in  that 
countiy  ara  notpartHnla^  oonr^eona. 

676.  {Mr.  MuiL)  There  are  three  fleams  of  coal, 
eadi  of  about  from  Ave  to  six  feet  ia  thickness,  at 
some  distance  from  each  other. 

677.  {Mr.  Woodkouse.)  I  had  information  this 
morning  from  one  of  the  proprietors,  who  informs  mc 
that  they  found  something  very  nearly  approximating 
the  Arley  main  seam,  excepting  that  it  is  divided  by 
interme^te  beds  of  fire-clay.  That  is  a  very  common 
feature  in  the  Mai'l  district,  and  I  suppose  that 
you  would  rely  upon  it  that  you  had  hit  upon  the 
main  seun.  I  have  not  heard  what  the  quantity  is, 
liut  in  Aome  broken  {daces  there  are  some  small  faults 


in  t^he  slabs,  which  do  not  look  very  favourable.  On 
the  whole,  however,  it  is  very  successful,  and  probably 
.this  will  lead  to  Btnnething  still  farther  west,  and  then 
I  have  no  doubt  they  will  hit  on  some  of  those  troughs 
of  coal  which  Professor  PhiUiM  has  described  nearer 
Warwickshire?— (iWe«forPAa/9W.)  Tee. 

678.  ( Chairaum,)  It  has  been  su^ested  to  me  to 
ask  you  as  to  what  you  would  conuder  to  be  tlie 
sonthem  limits  under  ground  of  the  m^gnesian  lime- 
stone. What  becomes  (tf  it  on  the  south,  beytrnd  where 
we  can  see  it  ? — ^That  is  a  very  curious  and  very 
interesting  subject.  Of  course  you  are  perfectly  aware 
of  the  fact  that  the  limestone,  as  it  proceeds  to  the 
southward  changes  a  good  deal  in  quality.  If  you 
take,  for  example,  the  limestone  as  it  appears  on  the 
banks  of  the  Biver  Dun,  it  is  there  the  usual  compound 
(donUe  carbonate  of  lime  and  magnesia),  and  it  ia  very 
surprising  in  the  unequal  degree  of  its  coheuon  ;  it 
contains  no  sand  at  all.  Now,  as  you  come  to  the 
southward,  and  &r  as  Manafielc^  where  the  ex- 
cellent  building  stone  is  got,  yon  have  some  beds  which 
are  beds  of  dcmble  carbonate  of  lime  and  magnesia, 
but  &aef  are  accompanied  more  or  less  by  sand,  and 
you  haye  some  other  ibrmationa  applied  to  them  which 
are  sandstone, — th^  certunly  contain  a  portion  of 
the  double  cu-bonate  of  lime,  but  they  are  mostly 
sandstone  ;  so  that  you  have  there  an  entirely  different 
state  of  things  in  the  magnesian  limestone  from  what 
you  have  in  the  north ;  and  the  further  south  you  go, 
as  far  as  Bulwell,  you  discover  that  the  limestone 
rock  is  greatly  reduced  ;  it  is  very  sandy,  and  reddish 
in  colour ;  and  my  impression,  some  years  ago,  was  that 
nature  was  beginning  to  extinguish  the  magnesian 
limestone  on  her  map  before  geolt^ists  did  so  on 
theirs.  So  it  acquires  various  qualities  until  you  come 
up  to  the  banks  of  the  Wear,  where  the  most  perfect 
section  perhaps  is  made.  I  therefore  think  that  we 
ought  not  to  expect  the  magnesian  limestone  in  the 
sinkings  south  of  the  Nottii^hamshire  coalfields.  *I 
should  be  much  interested  in  anything  which  Sir 
Bobert  Clifton  might  meet  with  in  that  respect. 

{Sir  Robert  Cl^on.)  We  have  gone  through  three 
seams  of  coal.   I  am  sinking  at  the  present  moment. 

679*  {Chairman).  Have  you  gone  through  any 
magnesian  limestone  ? 

680.  {Sir  Robert  CUfton.)  Not  any. 

681.  {Mr.  Hull  through  the  Chairman.)  I  wish 
to  ask  Professor  Phillips,  whether  he  does  not  think 
it  probable  thdt  the  Carboniferous  rocks,  and  the 
Cambriaii  rocks  of  the  Leicestershire  coalfield  and 
Chamwood  Forest,  formed  a  division  and  barrier 
between  the  Permian  rocks  of  the  Nottinghamshire 
dbtriot  and  those  of  the  WarwidEshire  diatrict^  which 
would  account  fw  the  change. 

682.  {Profe»»or  Philtipa.)  I  am  very  modi  dis- 
posed  to  believe  that  that  is  so,  and  I  think  that  in 
some  measure  it  helps  to  account  for  the  difference  of 
the  coal,  uid  the  difierence  of  the  beds  associated  with 
the  coat.  Ton  get  very  little  sandstone  in  tJie 
sonthem  district,  and  plenty  of  it  in  the  nortjbQrn. 

683.  {Chttirmatt.)  In  that  case  it  increases  the 
liability  of  the  great  mass  of  PaUeozoio  formation  older 
than  the  Coal  measures  extending  to  the  east  of  the 
Aflhby  coalfield  and  beneath  the  secondary  rocks  ?— 
I  should  think  m.  One  of  the  points,  perhaps,  to  make 
one  believe  it  more  steadily,  is  the  occurrence  of  so 
many,  of  titose  maaaea  of  Granitic  and  Syenitic  rock. 

684.  {Mr.  Godtcitt'Aiuten  through  the  Chairman.) 
I  think  that  yon  have  said  that  you  look  at  the  <M 
Leicestershire  rodu  as  an  indication  of  the  western 
extension  of  that  surface  ? — ^Yes,  I  look  upon  it  as  a 
portion  of  the  great  ridge  running  to  the  north-west. 

685.  {Chairman.)  Will  jou  give  us  your  opinion 
with  regard  to  the  probability  of  Coal  measures  being 
found  underneath  the  Secondary  rocks  between  the 
North  Wales,  the  Lancashire,  and  the  North  Stafford- 
shire coalfields,  and  the  coalfields  of  Shrewsbury 
and  of  Ashby-de-la  Zouch?  A  great  deal  of  evidence 
has  been  taken  on  that  subject,  and  upon  the  whole 
Uiere  is  a  good  deal  of  unanimity  of  opinion,  but 
there  are  dinerences  of  opinion  as  to  whether  or  no^ 
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the  (jfreat  anticlinal  curve  of  Carboniferous  rocks, 
lower  than  the  Coal  measures,  maj  not  ruu  from  the 
area  of  Rnshton  Spencer  underneath  the  Secondary 
rocks  to  the  ground  which  divides  the  Denbighshire 
and  Flintshire  coalfields,  The  evidence  on  the 
whole  tends  to  show  that  in  the  opinion  oi*"  the 
witnesses  the  North  Wales,  the  Lancashire,  and ,  the 
North  Staffordshire  coalfields  were  originally  all  one  ; 
they  may  b^  all  one  now  underneath  the  Secondary 
rocks,  but  there  may  also  be  anticlinal  curves  bringing 
up  strata  older  than  the  Coal  measures  underneath  ; 
and  evidence  has  been  given  to  show,  ia  a  rough 
way,  the  probable  position  of  some  of  these  antioUnals 
coming  up  against  the  base  of  the  Permian  and 
Secondary  rocks  ? — 1  am  thinking  upon  what  evi- 
dence I  myself  should  proceed  to  come  to  a  conclusion 
on  that  subject.  At  present  I  can  only  perceive,  as 
connected  with  the  argument,  the  &ct  of  some  under- 
ground diBturbances  depending  on  the  great  Derbyshire 
Umestone  denudation,  as  it  used  to  bo  called ;  that 
such  disturbances  in  a  general  sense  exist  I  think 
may  be  admitted  ;  but  it  does  not  appear  to  me  that 
cleu-  and  distinct  evidence  has  been  obtained  upon 
which  1  should  venture  to  define  the  direction  and 
extent  of  these  movements.  I  am  merely  considering 
what  I  happen  to  know  on  the  subject,  and  I  am  not 
possessed  of  infbrmfttion  which  would  give  me  any 
petA  confidence  in  the  matter.  Of  course  eveir- 
body  knom  that  there  is  a  great  disturbance  on  the 
Welsh  border,  and  it  may  be  prolonged  for  a  con- 
siderable space  eastward,  but  whetiier  and  in  what 
manner  it  may  meet  the  ridges  and  hollows  from  the 
eastern  side  would  depend  upon  much  more  accurate 
information  tlian  I  am  aware  of. 

686.  Do  you  consider  that  the  probabilities  are 
that  a  gi*eat  quantity  of  Coal  measures  underlie  .the 
plains  lying  between  the  North  Welsh  coalfields 
and  the  coalfields  of  Lancashire,  Cheshire,  and  North 
Staffordshire  ? — Tes  ;  I  think  that  I  am  obliged  to 
believe  it,  on  account  of  the  manner  in  which  the 
Carboniferous  deposits  meet  the  great  plain  of  the 
New  Red  Sandstone.  I  should  have  very  small  doubt 
as  to  that  in  the  abstract  sense.  J  should  expect 
to  see  that  a  large  portion  of  that  Che^ire  pUdn, 
especially  in  the  northern  and  wider  parts  of  it, 
would  be  jbnnd  to  contain  coal  if  only  yon  could 
go  down  to  it. 

687.  {Mr.  Hull  through  the  Chairman,)  Are  you 
acquainted  with  some  Red  strata  at  Rushton  Spencer 
resting  on  the  Yoredale  series  ? — Yea  ;  I  know  that 
quite  well. 

688.  What  is  your  opinion  as  to  the  age  of  those 
beds  ?— When  I  was  in  the  oonnd^,  my  impreasiim 
was  that  it  was  a  most  singular  deposttof  the  Permian 
age,  and  I  should  have  wished  to  have  given  a  month 
of  study  to  it,  but  I  could  not  do  so ;  I  do  not  know 
what  is  the  present  opinion  with  respect  to  it. 

689.  {Chairman.)  You  concur  in  opinion  with 
Mr.  Binney  and  Mr.  Green  and  myself.  Does  not 
that  afford  evidence,  looking  at  tlie  great  upheaval 
of  the  lower  Carboniferous  beds  there,  connected  as  it 
is  with  the  uprising  of  the  Staffordshire  coalfield  along 
Gongleton  Edge  to  the  north,  and  the  termination  of 
the  Cheshire  co^field  to  the  south,  that  that  upheaval 
and  denudation  took  place  before  the  Permian  period? 
— I  think  so. 

690.  Therefore  in  that  district  there  has  been  very 
great  denudation  accompanying  the  denndati<m  of 
those  lower  Carboniferous  rocks  on  die  edge  of  the 
great  Cheshire  plain  ? — certainly  think  so. 

691.  That  would  show  that  the  great  Red  rock 
fault  which  brings  in  the  Triassic  beds  on  the  west 
does  not  account  for  the  complete  sweeping  away  of 
the  Coal  measures  on  the  east ;  it  is  the  process  of 
denudation  which  has  taken  place  prior  to  ^e  forma- 
tion of  that  fault  ? — That  would  agree  with  the  con- 
dition of  things  on  the  eastern  nde  of  the  Yorkshire 
and  Durham  (»alflcld. 

fiir/.  {Mr.  Ilull)  Quito  so.  My  opinion  is  that 
it  is  an  upheaval  accompanied  by  denudation  of  the 


same  period  as  that  of  tin  Torkshiie  and  LuchIur 

coalfield. 

693.  Chairman  (to  Profetsor  PkiUipt).  Witk 
regard  to  the  country  which  lies  between  Coalbroolt- 
d^o  and  South  Staffordshire,  there  is  a  good  deal  of 
difAculty  in  deciding  whether  or  not  the  Coal  meaeum 
are  proboMy  oontinnous  all  the  way,  eq>ecially  as  it  ii 
donbtlEul  to  what  extent  the  Coal  measores  m  Ae 
eastern  side  ot  tin  Coalbrookdale  ooilfleld  hm 
suffered  denudation  before  the  depoadon  of  the  Per* 
mian  rocks.  Formerly  it  was  considered  that  a  fiuh 
bounded  the  Coalbrookdale  coalfield  on  the  east ;  it  is 
now  certun  that  it  is  not  a  fault  and  not  a  cliff,  W  u 
eroded  surface,  the  average  inclination  of  which  is  doI 
great.  The  tendency  among  the  witnesses  hu  been 
to  believe  that  the  Coal  measures  will  be  continuooi 
between  the  coalfields.  K  yon  have  any  farther  ligla 
to  throw  upon  that  subject  we  shall  be  very  happr  to 
hear  it  ? — I  have  traversed  that  district  several  timet, 
and  I  have  examined  both  of  the  coal  tracts,  bat  1 
confess  ^t  I  find  a  difficulty  in  offering  anything  like 
a  posiUve  opinion  with  regard  to  the  connexion  o^tlw 
two  coalfields,.  I  am  disposed,  in  a  general  sense,  la 
think  that  there  may  be  reasons  for  separatmg, » 
original  d^sitsj  the  South  Staffordshire  cwUdd 
from  the  CoaHnnK^dale  coalfi^  The  reaaou  I 
think  are  chiefly  two.  In  the  Coalbrookdde  dietrici 
it  is  very  well  known  that  the  coal  is  for  the  most  put 
in  thin  beds  ;  and  in  the  other  district  it  is  qniie 
otherwise.  That  is  one  reason  ;  but  Uie  other  I  Uiink 
is  more  important  When  Mr.  Prestwidi,  some  jan 
ago,  examined  the  Coalbrookdale  coalfield,  he  dis- 
covered in  more  than  one  band  of  the  f»alfield  minDe 
shells  ;  they  were  the  ordinanr  fossils  of  the  Mountiin 
Limestone.  None  of  thos^  I  believe,  have  ever  bea 
observed  in  any  one  of  the  coalfields  Ui  the  eastwvi 
and  I  think'that  it  marks  a  peculiarity  of  the  depoeit 
of  the  Coallnookdale  bed  of  cofti  which  woobi  iaiwt 
me  at  present  to  think  that  the  more  [wvrfwble  view  is 
that  that  may  have  been  an  entirely  separate  coalfield, 
distinct  in  uie  kind  of  coal,  distoct  in  the  accom* 
paniments,  and  in  some  respects  in  the  associatioiiE. 
For  example,  the  Coalbrookdsde  coalfield  is  cMmectad 
with  the  Mountain  Limestone  deposits.  There  no 
Mountain  Limestone  along  the  South  Staffordshire 
coalfield.  There  are  some  other  points  of  difference 
of  that  kind.  Upon  the  whole,  I  should  be  disposed 
to  r^ard  that  question  of  the  former  connexion  of 
the  two  coalfields  of  Coalbrookdale  and  South 
Sti^ordshire  as  being  not  likely,  and  that  there 
some  ori^nal  distinction  betweoi  the  dqwsitB  of 
them. 

694.  Do  you  mean  by  tilat  that  they  were  separated 
by  a  barrier  of  older  Falteozoic  rocks  ?— Tes ;  sopm 
tract  of  older  land,  bnt  not  necessarily  of  gn» 
elevation. 

695.  And  that  if  you  sank  down  between  them 
you  might  in  some  spot  or  other  come  to  iUlunu 
rocks,  or  something  of  that  kind,  without  the  inter- 
vention of  Coal  measures  ? — I  should  think  it  very 
possible  ;  not,  however,  being  in  the  least  degree  able 
to  define  what  might  be  the  probable  drcamstaiice! 
which  caused  in  one  of  those  deposits  the  occur- 
rence of  marine  shells,  and  in  the  other  eotlrely 
opposite  circumstances.  I  do  not  think  that  it  nece^ 
sarily  follows  that  there  must  be  uk  eariier  anddiui 
ridge  or  anything  of  that  kind,  bnt  that  there  w 
some  physical  disconneotion  betireen  the  two  dutricts 
such  as  may  be  supposed  to  happen  alon^  the  coi^ 
where  at  some  portion  you  have  evident  m6aence  of 
salt  water,  and  at  another  portion  yon  have  evitait 
infiuence  of  fresh  water. 

696.  Under  these  circumstances  the  Coal  measnres 
may  still  be  continuous,  though  the  Coal  measures 
vary  in  quali^? — Of  course  that  is  possible.  Tbit 
would  of  course  apply  to  a  gradual  chimge  fnm  ft^ 
water  currents  to  marine  cunents.  I  am  not  so  bop 
tliat  I  can  put  that  in  evidence.  It  ii^  I  think,  difficnli 
to  cite  a  case  in  whi(^  you  could  have  ooctinaoo- 
deposits  of  the  nature  of  Carboniferons  strats,  in 
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vluch  some  portion  abonld  be  freahwater  depositB  bj 
their  accompaiumaiti^  and  in  another  not  so. 

697.  The  next  pcdnt  to  which  I  should  like  to  ed- 
dreas  tout  attention  is  the  connexion  of  the  aonthem 
end  of  Uie  Soath  Staffordshhre  coaUldd  with  the  coal- 
field of  the  Forest  of  Wyre.  You  are,  I  know,  veFy  well 
aware  of  the  comparatiTely  profitless  nature  of  the  coal- 
field of  the  Forest  of  Wyre.  Do  you  consider  that  it 
is  profitless  for  the  same  reason  that  liie  south  end  of 
the  South  Staffordshire  coalfield  becomes  profitless.  The 
south  end  of  the  South  Staffordshire  co^eld  has  been 
suuk  through  at  Walsall  G-rove  Jind  near  Halesowen, 
and  the  gentlemen  who  sank  coosidered  that  Uiej  sank 
through  strata  which  were  the  equivalents  of  those 
which  accompanied  the  thick  coal,  but  the  thick  coal 
was  absent,  and  was  represented  by  a  thin  smut? — ^My 
own  obeerrations  on  the  coals  of  the  Forest  of  Wjre 
certunly  led  me  to  the  impressitm  that  the  same  im- 
perfection and  incompleteness  in  the  original  deposit 
of  the  coal  occurred  Uiere  as  you  find  along  the  range 
of  the  Abberley  Hills,  where  yon  know  that  the  merest 
trace  is  Utt  by  nature,  and  wngre  coid  ought  to  have 
been.  I  consider  it  to  be  an  original  imperfection  of 
the  deposit. 

698.  Do  you  consider  that  these  are  upper  Coal 
measures? — I  am  afraid  that  I  cannot  give  you  an 
answer  to  that  question. 

699.  You  know  very  well  that  in  the  Warwick- 
shire coalfield  tiie  Spirorbia  carbonarius  bands 
occur  ? — ^Yes. 

700.  And  that  southward  of  the  upper  Coal  mea- 
sures ? — ^Yes. 

701.  At  I^ee  Botwood  the  same  is  the  case? — Yes. 

702.  Further  south,  in  the  Forest  of  WyiOi  there 
are  traces  of  the  same  bed,  and  Utesehave  vsnapy  been 
considered  the  upper  Coal  measures ;  bnt  the  Cwrbooi- 
ferous  strata  of  the  Forest  of  Wyi;p  are  of  very 
different thickneeses,  lying  upon  a  Teryirregularsnrface 
of  the  old  Red  Sandstone  rocks ;  sometimes  they  are 
not  more  than  two  hundred  or  three  hundred  feet 
thick,  and  in  other  places  it  is  presumed,  from  the  dips 
of  the  strata,  that  they  are  many  hundred  feet  in 
thickness,  and  In  the  main  they  are  usually  what  are 
considered  to  be  profitless  Coal  measures.  The  South 
Staffordshire  coalfield  also  becomes  profitless  towards 
the  south  end,  and  yet  the  South  Staffordshire  coal- 
field contains,  further  north,  many  important  beds  of  - 
coal.  Are  these  two  coalfields  the  representatiTeB  of 
each  other,  or  does  the  Forest  of  Wyre  represent  a 
coalfield  iu  the  main  of  later  age  tlian  the  cmlfield  of 
South  Stafibrdshire,  which  contains  So  many  profitable 
beds  of  coal  ?  I  ask  this  question,  having  gone  into 
the  subject  myself  in  my  own  evidence,  and  it  is  of 
very  considerable  importance  in  an  economic  point  of 
view,  for  upon  it  wiU  in  a  great  d^ree  depend  the 
probability  of  finding  profitable  Coal  measures  under- 
neath the  new  Red  Sandstone  strata  in  the  area  which 
lies  between  the  two  coalfields  ? — I  am  afraid  that  I 
cannot  add  to  your  knowledge  anything  which  is  valua- 
ble. In  the  South  Staffordshire  coalfield  you  have  the 
analogy  of  two  good  coalfields  to  the  north,  and  bad 
to  the  south ;  and  therefore  it  seems,  so  far  as  it  goes, 
to  be  evidence  of  some  value  as  to  the  probable  con- 
nexion of  the  two  fields ;  but  I  have,  no  sulScient 
knowledge  to  speak  upon  that  point, 

703.  The  next  point  is  ibe  probable  exbtence  of 
profitable  Coal  measures,  or  non-profitaUe  Coal 
measures,  or  of  no  Coal'  measure^  over  lai^  parts 
of  the  area  which  lie  between  SonlJi  Stalforduiire, 
Warwickshire,  and  the  country  vdiieh  extends  into 
Gloucestershire,  and  on  the  east  aides  of  the  Mal- 
vern and  Abberley  Hills  towards  the  Bristol  coal- 
field. What  is  your  opinion  with  regard  to  the 
existence  of  Coal  measures  there,  and,  if  they  exist, 
what  they  might  be  worth  ? — ^In  the  first  place,  I  am 
afraid  that  it  fs  Uttle  more  than  a  general  impreasion 
which  I  CMi  convey  to  you,  but  I  would  say  that  upon 
the  whole  I  should  expect  coal  to  be  found  there,  and 
that  under  a  conaiderable  surface.  .  The  prindpal 
i*eas(niB  which  make  me  think  in  that  manner  we,  first 
of  all,  with  respect  to  the  WtnriMuxe  co«lfiel^  the 


etmtinm^  of  the  seams  of  coal  u  £u:  as  they  have  been 
traced ;  then,  passing  to  the  southward,  th^  is  a  long 
continuous  outcrop  of  imperfect  and  broken  coal  j  but 
that  finishes  in  the  grand  coalfields  of  GloucestersMre 
and  Sometshire;  besides  ihat  there  is  a  particular 
argument  arising  fVom  the  continnati<m  of  tlie  great 
anticlinal  axis  which  continues  the  South  Wales  coal- 
field to  Belgium.  Upon  those  general  grounds  I  should  ' 
think  it  most  likely  that  coal  exists  there  to  a  large 
extent 

704.  You  think  that  coal  exists  to  a  large  extent 
under  Gloucestershire  and  away  towards  Wurvrick- 
shire  ? — ^Yes. 

705.  Have  you  considered,  or  not,  whether  tncse 
beds  containing  coal  would  be  likely  to  contain  the 
whole  of  the  Coal  measures,  including  Millstone  Grit, 
uid  possibly  Carboniferous  Limestone  below,  or  would  * 
they  be  most  Iike|y  to  be  unprofitable  Coat  measures 
lllw  those  of  the  Forest  of  Wyre,  and  those  of  which 
we  know  in  the  neighbourhood  of  Newent,  for  ex- 
ample ? — ^In  the  first  placci  I  dionld  think  that  towards 
the  we^  and  fbr  a  considerable  space  east  of  Newent, 
it  would  be  safe  to  assume  that  the  coal  is  not  of  good 
quality ;  it  is  possibly  of  an  inferior  quality,  and  pro- 
bably not  very  abundant.  Further  to  the  east,  in  the 
course  of  the  Avon,  and  right  down  to  the  bed  of  the 
Severn,  I  should  be  disposed  to  assent  to  the  u^ument 
of  the  productiveness  of  the  coal  in  this  direction.  1 
should  be  disposed  to  draw  a  line  &om  the  Warwick- 
shire coalfield  right  down  into  the  Gloucestershire 
coalfield,  and  to  assume  that  along  that  line,  and  for 
Gonnderable  spaces  on  both  sides  of  it,  the  coal  is  good 
if  it  is  attainable  ;>but  I  should  take  only  a  moderate 
extent  to  the  westward  from  such  a  line,  having  eri- 
deacB  of  the  incomplete  character  of  the  coat  pceurring 
in  Wyre  Forest,-  the  Abberl^  Hills,  and  Kewent 
district.  With  respect  to  the  Mountain  Limestone,  1 
am  under  the  impression  tliat  it  is  unsafe  to  calculate 
upon  the  existence  of  Monntaii)  Limestone  &r  to 
east  of  its  occurrence  at  Wick  and  Wickwar. 

706.  Evidence  has  been  given  by  other  witnesses 
showing  that  their  opinion  with  regard  to  the  area 
about  which  I  asked  you  in  my  question  is  that 
during  the  deposition  of  the  Carboniferous  Limestone, 
the  Millstone  Grit,  and  those  lower  Coal  measures 
which  are  in  somany  of  our  coalfields  specially  profitable, 
the  tract  of  land  which  I  spoke  of  stood,  so  to  speak, 
too  high  during  the  deposition  of  these  lower  strata 
to  receive  them,  and  was  not  in  a  condition  to  support 
a  Coal  measure  vegetation  in  a  manner  which  by  and 
bye  would  be  true  beds  of  coal,  and  that  it  only  sub- 
sided by  degradation  and  actual  subsidence  so  Dar  as 
to  receive  on  its  surface  trae  beds     Coat  measures 
towards  the  comi^tion  of  the  Carboniferous  epoch, 
and  that  under  these  circumstances  the  strata  which 
lie  upon  the  older  Paheozoic  rocks  would  be  the 
representatives  of  the  unprofitable  Coat  measures  at 
the  south  end  of  the  Staffordshire  coalfield,  and  of  the 
nnprofit^le  Coal  measures  of  the  Forest  of  Wyre  coal- 
field, and  those  tittle  streaks  which  occur  between  the 
New  Red  Sandstone  and  the  older  Paleozoic  rocks  about 
Newent.   It  has  been  assumed  by  some  of  the  wit- 
nesses that  the  probabilities  are  that  such  strata  would 
be  found  underneath  the  secondaiy  rocks  east  of  the 
Malvern  Hills,  and  extendmg,  it  is  impossible  to  say 
how  far,  to  the  east^  and  it  becomes  a  question  which 
it  is  hopeless  to  speculate  upon.   Do  you  consider 
that  such  an  opinion  is  deserrmg  of  much  weigli^  or 
of  weight  at  all  ?— I  am  thinking  in  what  manner  in 
which  I  should  be  able  to  snstmn  such  an  opinion,  and 
I  confess  that  I  do  not  easily  discover  evidence  flvUier 
than  thi^  if  it  may  be  called  such,  namely,  the  proba- 
ble absence  of  Mountain  Limestone.  If  the  Mountain 
Limestone  could  be  shown  to  be  present,  then  of  course 
that  statement  touching  the  elevation  of  the  ground 
so  that  it  could  not  receive  Carboniferous  deposits 
which  were  of  value  would  be  quite  unsupp(n>ted. 
The  Mountain  Limestone  being  absent,  it  seems  pos- 
sible to  ground  upon  that  Qircumstance  such  an  opinion 
as  you  maintain ;  bnt  so  &r  as  lam  able  to  judge  of  a 
tract  9f  oountty  oonoerning  which)  so  ^  i»  I  caq 
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perceiT^  there  is  yetj  littlje  'evideitace,  I  shoiild' not 
attach  muoh  importaoee  lb  that  opinion ;  I  'could  not 
adopt  it  without  knowing  something  more  of  the 
ground  upon  which  it  was  founded. 

■  707.  (Mr.  Godwin-Amten  through  the  Chair- 
man.)  Would  you  have  any  difBcplty  whatever  -in 
drawin]^  a  line  for  the  Mountain  Limestone  from 
some  place  south  of  the  Boulonnais  ■  towards  Chud- 
leigh,  where  in  both  caees  you  have  it  in  great  thick- 
ness?— I  should  have  no  difficulty  jn  drawing  such  a 
line  HS  that.  . 

708.  And  as  a  general  rule  yoU  would  admit  that 
the  true  Coal  mearares  followed  upon  the  Old  Moun- 
tun  Limeatone  flobr  ?— Yes,  of  cpurse  including  Mill- 
stone Grit. 

709.  I  take  that  as  a  part  of  the  Co^  meamres  ? — 
Tea,  I  should  quite  expect  it. 

710:  {(^airman.)  I  will  now  ask  you  to  f^ve  us 
your  opinion  upon  a  subject  which  has  been  very 
much  debated,  namely^  as  to  the  possibility  of  coal- 
fields similar  to  that  of  the  Biistol  and  Mendip  area, 
which  ia  one  basin  partially  concealed  by  secondary 
Tocksy  being  found  to  the  east  of  the  eastern  margin  of 
that  coalfield.  It  has  been  given  in  evidence  that 
■the  Coal  measures  of  that  soutbem  part  of  England 
and  Wales*  lie  in  three  distinct  and  definite  basins, 
whicli  were  once  united,  and  have  been  separated  by 
denudation,  one  being  the  great  South  Wales  coal- 
field, another  being  the.  Forest  of  Dean  coalfield,  and 
the  third  being-'  the  Bristol  aUd  Mendip  coalfield,  the 
coalfield  north  of  the  Mendips,  and  the  latter  being 
still  a  coalfield  of  great  thickneati,  nx  thousand  feet 
thick  were  thickest, '  May  th^'iiiot  bo  other  anti- 
clinal and  synclinal  curves  of  Coal  measures  concealed 
'beneath  the  secondarr  roekjs  to  the  east  of  thef  Bristol 
and  Mendip  c<Hdfleld,?  Is  nM  the- balance  of  probabi- 
lity as  great  on'  the  one  aide  as  on  the  other  ?— In 
answering  as  well  as  I  can  that'  question,  I  will 
endeavonr  to  expose  to  you  the  arguments  which 
would  influence  my  own  mind  on  the  subject.  In  the 
first  place,  I  should  endeavour  to  trace,  so  as  to  bo 
satisfied  of  them,  the  great  lines  of  ancient  movement 
by  which  the  Coal  formation  must  be  supposed,  and 
-is  in  fact  known  to  have  been  affected,  And  to  judge 
of  the  particular  limited  case  before  Us  as  a  part  Of  a 
very  great  question.  That  being  so,  I  perceive  UpOn 
this  map  the  circumstance  of  the  east  and  west  axis 
■ot  the  whole  South  of  Ireland  subject  to  a  great 
many  rolls.  Then  I  perceive  'the  same  axis  eomin{r 
through  the  district  of  Booth  Wales,  and  continoing 

-  itself  into  the  Mendip  Hills  ;  after  which  there  is  a 
great  vacancy.    I  percive  the  same  axis,  that  is  to 

-  say,  the  same  in  respe<;t  of  its  main  ^eologicfd  cha- 
racters, having  corresponding  strata,  correspondingly 
moved,  in  the  country  about  Boulogne.   Then  I  pcr- 

■  ceive,  after  that,  a  large  tract  of  conntiy  in  which  the 
subterranean  condition  of  things  is  concealed,  between 
France  and  Belgium.  Then  I  perceive  that  axis 
going  "in  the  samS  direction  down  the  Valley  of  the 
Meuse,  and  crossing  the  Rhine,  and  continuing  itself 

"through  the  eotfntry  of  Elberfeldt,  and  so  on.  Now 
that  axis  of  movement  in  tlie  continent  of  Europe 
presents  very  geneitd  features.  The  Mountain  limc- 
stone  is  in  fact  continuous  through  this  space,'  except- 
ing that  you  have  it  concealed  in  France,  and  con- 
ceal sd  or  denuded  in  England.  Then  above  .that 
there  are  sets  of  Coal  measures  which  are  subject  to 
very  sunilar  accidents,  namely,  to  rolls,  which  are 
mainly  in  the  Section  of  the '  great  sweep  of  this 
movement  In  consequence  of  that  I  am  under  the 
impression,  that  as  it  is  certedn  thai  in  the  Belgian 
and  French  districts  the  axis  conthnieS  under  the 
chalk  and  the  tertiariesj  it^  does  ho  in  England  under 
tiie  corresponding  formations.  Here  you  have  proof 
of  it;   Judging  by  the  surface,  you  would  say  that 

'  there  is  no  coal  about  Valenciennes  and  in  that  direc- 

■  tion  ;  but  we  know  that  there  is.   Therefol*e  I -should 

-  expect  that  the  whole  movement  from  end  to  end 
"wwld  be  such  ia-  to  give  a  probability,  im  a  genmti 


the  W^tfddnj  is  khdWn  to'  oc^r'  tit'!  FMnce  and 
Belgium.  -  In  the  next'ptac^  I  ihoilld^ttndit^  what 
hi  ttiOWfa  of  the  distribfttioia  VI  coal  ^di  ref^ncb  to 
^isaxis;  and  we' all  khow  'tiiat'Witii  remect  fofldt 
axia  in  Itriand  th^  coal  lies  on  the  north^n  side  of 
it.  WVen  we  eome  Into  SotAA  WaleA  ;we  faavp 
exat^Iy  the 'same  fact ;  for'  .AoiYgli'tiiereis  <kial  on  the 
south  side  of  it  (or  tather  indm),  yet  the  gr^t  qiiaa- 
tity  of  coal  is  on  the  northern  side  of  this  anticlinal. 
WTien  I  cothe  on  beyond  Sonth  Wales  into  Somerset- 
shire I  observe  etactty  'the  same 'fact  there  in  the 
Mendip  Hills;  there  is  the  Old  Red  Sandstone  covered 
with  Monntain  Limestone,  and' on  the  nolHIiem  ade 
of  that  axis  there  asv  vefy  'abundant  coalfi^ds. 
This,  therefore,  confinnb  me  in  the  view  that'  this  axis 
is  one  of  a  very  remarkable  character,  whicli  can'  he 
trusted  to  have  sfmUar  attendants  as  far  as  tt'^g^esi 
Then,  passing  on  into  tiie  oontinebt  of  Eiorop^-  and 
looking  at  it  on  a'  large  scale,  yon  know  very  -well 
tiiat  the  district  of  the  Ardennes  Mountains  !b  on  the 
southern  side  of  the  great  eoalfldd  of  Bd^um,  atad  is 
In  itself  a  series  of  great  aatioHnal  mbvemetfts,  the 
coal  deposits  lying  to  the  north  of  them.*  Upon 'that 
ground  this  is  my  view,  that  starting  from  thfe'  things 
which  are  perfectly  known  I  have  no  hesitation' at  all 
in  drawing  a  line  f^om  the  axis  of  Mendip-' Con- 
tinuously for  all  this  great  distance  in '  a  certain 
manner  towards  Boulogne.  How  I  shbulil  be  in- 
fluenrad  by  the  akis  of  the  We^den  I  do  not  know; 
perhaps  not  all ;  but  at  all  events  I  should  have.no 
hesitation  in  drawing  a  line  fbr  a  Ceriafn  disiance,  ^y 
as  far  as  Salisbury,  thinking  that  the  analogy  -Milck 
-is  traced  so  far  may  justify  me  in  that  -2f  I  did  that, 
I  ahonld  have  as  little  lieatatiou  "in  ''Ainking  it 
probiible  that  on  tbe  riorthem  siSa'  df  i6e.  Hue 
which  I  shonUf  dioose  fbr  the'axis,''a&d'st-abDnt  thfe 
distance  where  the  centre  of  the  Soath  Widea  coal- 
field and  of  the  Gloucestershire  coalfield  i^.!*  should 
'|>Iace  the  probable  centre  of  l^e  coal'basin.  " 

711.  Underoenth  the  strata  on  the  eastern  ^ide? 
—Yes.  I  think  that  it  is  a  correct  statement  that 
from  the  western  extremity  of  the  south  of  Ireland, 
right  across  the  Channel,  it  is  one  grand'  system  of 
ancient  movement,  which  has  been  covered  over  in 
cerfaun  places.  In  certain  places  yon  -find  that  that 
covering  conceals  the  ancient  axis,  and  conceals  coal 
as  well  as  the  other  rodks  of  the  series,  and  therefore 
I  apply  the  same  aivumont,  especially  as  I  see  that 
the  Somersetshire  jcodfield  carries  'itself  to  the  east- 
'WBCrd,  and  tlut  it  is  6,000  feet  thick. '  It  is  incon- 
ceivable that  auch  a  deposit  as  'tiiat  should  cease 
-within  a  few  mfles.  We  have  no  such  example. 
Cofllflel<fe  die  onl  it  is  true,  but  not  suddenly  in  that 
way  -  therefore  I  have  no  hesitation  in  drawihg  the 
probable  continuation  of  the  Som^setshire  coal&ld  a 
good  way  to  the  east. 

712.  Ton  are  well  aware  that  the  Mountain  Lime- 
stone dips  -n^st  on  the  eastern  ^ide  of  the  Bristol 
coalfield  ?—Tes. 

'  713."  And  that  there  are  good  grounds  for  con- 
tinuing that  general  north  and  south  line  of  Car- 
'bohiferous  Limestone  away  to  join  the  mstern  side  of 
the  Mendip  Hills,  where  it  last  appear^  passing 
undemeatii  the'secdndary  strata?— Yes. 

714.  If  that  dip  be  coptiunous  for  any  ooosldeNible 
.distance  nndemeatii  the-  secondary  rocks,  then, 
inevitably,  the  (Md  Red  Sandstone  ytill  crop  up 
underneath  Hie  8econdai7  rocks  against  their  bases? 

•—Yes. 

715.  And  the  c^aestion  would  arise  whether  or 
not  this  great  axis  of  which  you  ,  Jjave  spoken, 
throughout  the  larger  part  of  the  art^'  between  the 
eastern  side  of  the  Mendip  Hills  and  the  coasts  of 
England,  the  mouth  of  th^  Thames,  and  south  of  the 
mouth  of  the  Thanies,'may  not  be  chiefly  occupied,  or 
to  a  great  extent  occupied,  by  P^sozoic  rocks  older 

,  ththr  the  Carboniferous  ones? — I  should  iilcline  to 
'think  thot'  lt  is  to' be  expected  that  somewhere  or 
ot^er  along  the  cburae  of  tt^e  long  axis  «hich  I  hate 


Aii^  that  the  same  set  of  jAenomena  would  be'  experi-  meiiticnied  this  Qlj  Ked  Thicks  should  appear,  "N^  tea* 
i:«liead-  ta  'Eh^goA  xaisr  m  Oo&tes  Wid-th«  Chalk  and  ^  bob  fot-Oitakiii^  0O  -ii  OlA  ^^^^^^y ¥> 
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)b  -tke;y»U<)t  c>f,lha.ST4s-'b«^««&  the  fioutJioWalw 
coatfleld  and  the  coftlfield  of  the  Forwt  /of  J)e^4 
They  sweep  down  mto  the  Channel  theMr  fiO.'ths^  X 
dnnldcertauilxithink  it  poanble.  that  pnoh  aftrioter- 
TuptioD  ^at  he  looked  forA«.occQrTtog  i:hiU 
I4btak  ihftt  it  woaldjneceiy  lK  aioo«l  i^tefruptioii  pif 
a  nomit  sytjuaa^  which,  according  M  the:evide«fle 
befon  vii  might  vefy  tnilj.  h«  fef^eMatod  to  ]be  a 
omitummiB  lystom,  pro^bahhr  eoatwniog  good  004^ 
tlvongh  the  greater  part  of  Hie.radge«-:  .  ■ 

7'16.  In  fact,  {xMsibly  a  saoeeeqiw  of  baainE  of  Um 
nature  of  then  in  the  BriatoL  coalfield*  undWBAatU 
the- secondary  rocka  to  the  eaal^  between  thftt  a^d  tha 
east  Bf  EnglAnd  P — Yee. 

717.' With  regard  to  the  possible  depths,  what 
baTite  you  •  ti>  Bmy  ?f— Upon  that  point .  it  must  of 
ocnirad  ^ticely  depend  upon  the  knowledge  which 
baa  beitm  gathered  ol  the  true  thickneea  of  the  strati- 
fieatioDS  in  that  dlotrict.   A»  &t  aa  I  see,  rapidly 
gboiciDg  over  tbiB  pAper .  (drawta  up  by  Mr.  Bristow), 
I-shotild  think  the  £gtiree  reinreeenting  thicks^  of 
atralft  verjr  teoiBtlrortl^.   Perhaps  it  would  be  desi- 
nbla.' for -me> 'to  recall  to  jjrour  recdlection  what  vaa 
cQftaiafy  ft  onriooa  event  in  Ae  life  of  WilUam  Smith. 
I-tUiak  it  by  no-meimB  ft  naeleaa  thing  to  do.ao.  In 
^e  year  1791  he  wae  ragaged  by  the  proprietors  of 
8oinet  collieries  in  Somersetehire,  he  being  ah  eagi- 
aesri  to  examino  the  collieries,  and  to  make  hia  report 
upon  tbevu   At  .that  tiftie  he  had  b^un  his  ()beervan 
tiona  of  the  sira^saion  of  strata.    He  descended  the 
sbtft,'  which  paased  down,  through  the  New  Bed 
MarJbt    There  is  very  little  Suidstme  there  at  aUi 
He  reAchfid'  the  «oal,^hieh  ia  not  -reiy  deep  thera 
HA  kiiew  perfectly  well  that  the  New  Bed  atrttti* 
fications  were  almost  lerel.    When  he  got  do^'-tb 
tb^  coal  b^ow;  he  found  it :  dip^ng  at  on.  ladgle 
extrdmely  ateeift;':Uid  in  the  particuiar  place  vben  Joi 
was- it.  waa  dipping  to  the  eaiitward.   Th^  worked 
thfl  teal     an'inolhied  {dana  There  waa  no  water. 
Xhey'tof^  down  water  to  water  tlto  gangwaya.  He 
woht  >  down  the  .whole  dope,  and,  having  in  hia 
mind  a  perfectly  accurate  mi^  of  the  country,  he 
8&3i,."There  is  so  inhi^  de^tb  for  ^  shaft  Abd  so 
"  miieh  for  the'  incline"  mi  he  caldalated  it.^  .and 
Bitting  there  he  found  that  the  works  had  extended 
under  the'  Lias'  asA  Oolite.    Ho  said  to  the  m«i, 
^  How  far  does  the  ooeiL  go  in  this  direction  ? " 
They  said,  *'  Ko  fnrtlter,  sir,  than  the  Red  gkound ; 
ib  never  goes  under  the.  hiUs,  beeauee  nothing  is  regu^ 
ha  ba^eod^Bed  ground.    Within  a  few  years  frim 
that  time  Uiey  began  to  aink  a  pit  on  die  hill  bf 
'Glandokn,  and'rearhed  the  coal  nt  a  depth  df  406 
yor&t  having  paased  Uirough  the  Oolites  and  Ltaa  and 
new  Bed  Sandstone,  and  tonohed  the  coal,.so  that  the 
coal  was  at  •  depth  o£  about  1,SOO  feet.   The  beds 
xbove  tiie  oohl  were  TBther '  thinner  than  perfa«|M  -  en 
Hba  average  they  might  be  finmd  ;  in  that  nejg^boat- 
hood  .they  #iU  ndt  be  found  mnoh  thicker.  ToMrds 
th^  hash  of  the  nhw  Bed  Ifarls  ther&  is  a  rook  dalled 
Millstone  ;  it  Ib  aconglomerate,  and  it  has  been  sup- 
posed to  be  Permian.   This  particular  bed  ia  in  the 
JHm^Is,  ok  at  least  in  the  new  Bed  Sandstone  ;  it  seems 
to  be  a  conglomerate  rock  in  the  new  Bed  series,  and 
it  preduces  a  very  great  quantity  of  watw.  Permian 
rocks  in  any  c<mtideraMe  thickness  are  not  fouhd  on 
the  northern  side  of  the  Mendif)  Hills.   As  to  tiioae 
conglomerates  at  Bristol,  I  do  not  think  that  tiiey  are 
'  of  'thei  X^annian'age.   "When  you  pass  to  the  iMidtward, 
the  questioB  of  moat  interest,  aa  it  <Becns  to-  me,  is 
wliodier  the  rocks,  some  or  any  of  thenii,  appear  to 
mow  thicker.   There  was  a  sinking  made  near  to 
Briiton  in  fisoaenetBluie  hhoiM^  yean  ago^i  they 
ftaiBhed^  however,  in  tdbe  Oxferd  elfty  ;  H  ^acK.abont 
60O  feet  deep ;  that  ia  abont  the  t3iiaknecBof  Ae  Oxferd 
-  clay  of  that-  oountiy.   You  have,  therefore^  to  add 
that'  to  the  sectidn  iriiich  I  mentioned  before ;  thnt 
.  makes  about  1,800  feet.-  Then  you  hOTe  the^tondllne 
OoKte<if  no  great  thipkinrs,>atpd  thesk  you  hafig  the 
Kinibaridge  Clayj  wldoh  is  only  here  and  there,  aftd 
none  of  it  is  .boy<md  a.,imodefatd.  thiekneas.  Then 
.  oomb%i]lthiat«ikDitry,l2ieQiKenSandftadOhjdk^ 

3 


J,  Mips. 


»  £^b.  1869. 


Tqt(j»YQ  l.OO0fee$;pf  Ghalk,taD)l^  feetof  Green 
Sand,'  and  ther^.will ,  be  ,at  least, in  that  country  700 
feet'  of  Eiquneridgn  01ay,  'Oa^ord'  clay,  and  other 
sU-ata,  making  2,000.  feet,  and  thus  you.get  3,000  jEieot 
at  knut,  in  Wiltshii^.  -If  yov^  continue  the  inveatiga- 
Anther,  I  ssn.  iin4(Br ;  the  impression  that  sniGlcient 
6videaee,has  been  gathered  of  late  years  by  some 
nemben  of  the  Greological  Surv^  to  ohow  that  many 
o£  the  Btratt^oatjons,  and  espepially  the  beds  of  the 
Oolitic  aeries,  are  subject  to  su^  a  great  variation, 
and  eq)ecialty  to  euch  a  conaiderahje  duninution  in  a 
South-aaffterly  directiou,  that,  taking  into  account  some 
o(hor  Closes  which  are  known,  especially  on  the  other 
side  of  the  Channel;  I  am  under  the  impression  that 
the  thickness  will  be  found  to  be  diminished  to  the 
^tward  .until  you  come  to  the  Wealdeu  deposits, 
which  of  course  are  aa  addition.  Upon  the  whole, 
my  judgment  would  lead  me  to  say  that  something 
like  3,000  feet  at  the  least  must  be  assumed  as  the 
■  probable  thickness  to  be  passed  through  in  the  Chalk 
district  of  Wiltshire.  But  you  are  not  bound  to  go 
thrpugh  the  Chalk  ox  Uie  Green  Sand  aeries,  and  that 
will  leave  out  1,3P0  feet,  wid  Uie  balance  will  be  about 
2,000  f^l^ 

718.  In  the  Swauage  country  the  Weidd  Clay  and 
the  -  Hastings  Suid  together  are  from  2,500  to  3,000 
feet  tli^ck  ?— I  prefer  the  smaller  estimate. 

719.  Then  when  you  oome  into  the  Weald  proper 
tho  Weald  Clay  is  not  less  thaa  600  feet  thick  ?— Very 
likely.  . 

720.  I  agree  with  you  that  it  is  y&ry  probable 
that  the  Oolitic  rocks  may  be  absent  there,  altogether^ 

think  that  it  is  v^  probable. 

721.  Have  you  any  additional  remarks  which  you 
would  like  to  make  upon  any  other  part  of  England  ? 
—I;  beg  permission  just  to  ma^e  two.  remarks  Ia 
relation  -to  tl^  subject  upon  which  we  have,  been 
engaged.  .Ever  sinoe  I  was  a  ht^  my  old  un(^  had 
been  almost  pestered  witji  a^^dicationa  to  induce  him 
to  cfrndfiot  ft  sinkii^  for  ewd  on  the  aonth  side  of 
tbe.SfendipB.  I  cannot  toU  what  it  waa  which  pre- 
vented him  fnan  giving  any  great  encouragement  to 
it^<  but,  he  never  did  }  and  I  am  not  aware  whether 
any  pof«dn  of  late  years  has  been  making  any  ei^pe- 
riments.  onthe  south. pide  of  the  Mendips.  It  would 
be  of  gi<eiat  importance  if  you  could  collect  any  evi* 
dence  liegarding  that  matter  ;  but  at  present  my 
opinion  wpuld  be  an  unfavourable  (me.  Nowhere  on 
the  southern  ^e  of  the  great  anticlinal  is  there  a 
.eonaid^rable  coalfield  except  in  France,  a  long  way 
0%  south  of  the  Ardennes  Mountains. 

722.  Lam  not  aware  that  any  ixHinga  have  beea 
-made  on  the  south  fude  of  the  Uendips  in  aearch  c£ 
.-ooal  meaaures.  The  .ground,  as  you  know  very  wdl, 
uf  in .  the'mun  rather  unfarpurable  for  it,  ia  eonse- 
qvenee  of  ti^  epormoiis  qvantity  of  water  ;  but  now 
thatyao  haviB  mentioned  that  sulgeot  I  riionld  like 
toft^  you  one  w  two  questimeinpon  it  You  know 
that,  the' Carboniferous  {.rfmestone  which  forms  the 
north  side  of  the  nnticliaal  of  the  Mendips,  and  that 
of  tho  south,  are  of  the  same  'character  and  absolute 
•  ^aivalentd,  and  that  on  the  south  ef  the  aDtioUool 

curve  the  topmost  beds  must,  be  somewhere  voy 
near  tite  top  of  ,^e  Carbouferoue  Limestone  as 
proved  by  the  sections  of  the  Geological  Survey  v^tich 
were  drawn  by  Sir  -  Henry  .de  la,  Qehe.  Now  the 
MiUstone  Gb'it  and  Coal  measiBes  on  the  north  udO 
of  :tbe  amticlinal. continue  in  Aill  force  right  up  to 
the  CarbcmiferoiiB  Limeti<me,  broken  1^  feultB,  and 

-rendered,  comparativeiy  worthless  on '  that  acconn1« 
but;  »e  fer  as  -]a  .known,  not  becasBO  of  anf  (Higidi^ 
wortUelBBneaB  in  th«  Gwbouiferona  strata  which  eon- 
tian  eoal  'on  A»  north  ^O'of  the  anticlinal  The 
ftntieliQal  ia  a  itarrow  one  in  et  geolbgical  sense ; 

,-Uiet(ttil7'ftfe!w.qiHe4  wide;  and-I  have  blway a  con- 
sidered that' m  the  ■grejtf-  morRhea  on  the  sOuth:side 
of  tUfe  Mwdip  BSlls  you  woUld  find  the  Coal  Aeaanrcs 

-  p6^wt:ily  throtrh  'hiioH  the  soulhem  side  Of  tiie  dnti- 
lilinal,  t^Q  Codd  meUurea  wig^maUy  continuous  with 
the  Coal  measures  mi  ib»  nwth  side  of  the  imHi' 
oltnalf,aBil  vhi«h  htro  onl^  been  MplraM.fitDVtdt 
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hj  denudation ;  and  the  distance  being  so  Bmall,  I 
hare  never  beard  anj  reason  ^ven  why  thej  ahoold 
be  different  in  character  from  those  on  the  north 
side  of  the  anticlinal,  till  70a  mentioned  the  sal^ect 
to-day,  and  T  do  not  now  sec  why^  considering  that  the 
distance  is  so  small,  we  should  r^;Hrd  It  to  be  certain 
or  nearly  certain  that  good  workaUe  beds  of  coal 
should  not  for  some  distance  be  found  under  the 
marshes  on  the  south  side  of  the  Mendip  Hills  ? — 
I  should  be  disposed  to  adopt  your  view  as  fiir  as 
that.  I  judge,  however,  that  it  would  be  unsafe  to 
attach  much  impOTtanc^  to  the  expectation  of  coal 
being  found  on  ^e  south  side  of  the  axis,  from  seeing 
what  happens  in  the  whole  line  of  country  to  the  east- 
ward and  westward,  and  frtm  noticing  diat  the  coal 
in  Devonshire  is  of  a  poor  and  miserable  character. 
I  quite  .  agree  with  you,  that  r^arding  only  the 
peculiarity  of  the  Hendip  Chain,  the  north  and  south 
sides  so  peculiarly  fitting,  the  distuice  so  snuU, 
ami  everything  so  remarkable  in  symmetry,  t  should 
have  thought  it  worth  while  to  try  for  coal.  There 
is  another  point  to  which  I  wish  to  allude.  I  will 
venture  to  draw  the  attention  of  the  Committee'  to 
two  pointb  in  the  north-western  country.  One 
of  these  points  is  in  the  Vale  of  Eden  ;  and  I  think 
it  a  matter  o1^  great  interest  to  arrive  at  some  pro- 
bable conclnsion  as  to  what  may  be  expected  there. 
There  are  two  points ;  first  as  to  what  exists  there, 
and  next  as  to  the  depth.  Respecting  a  great  portion 
of  the  Vale  of  £den,  excluding  the  southern  part 
of  it  about  Kirkby  Stephen  and  Penrith,  but  in- 
clading  the  northern  part,  of  which  Carlide  and 
Wigton  may  be  taken  to  be  the  eeatre,  it  appears  to 
me  probable  that  in  that  tract  of  country  coal  exists. 
My  reason  ibr  thinking  so  is  this,  first  of  all  the 
ordinary  true  coal  is  known  passing  rouDd  from  nea; 
Penrith  until  it  reaches  Whitehaven.  It  is  known  to 
be  a  very  continuous  band  of  coal,  and  spreading  to 
the  westward  under  the  sra,  so  that  it  may  be  re- 
garded as  a  considerable  tract  of  coal  of  which  only 
a  portion  is  worked  or  explored.  When  you  examine 
the  inclination  of  that  set  of  beds,  you  discover  that 
the  inclination  is  towards  the  Vale  of  Eden,  in  the 
same  manner  as  the  inclination  of  the  great  Flintshire 
coal  is  towards  the  great  pkun  of  Cheshire.  Also 
besides  the,coal  beds  pn^r,  you  have  the  Limestone 
series  productive  of  coal.  Now,  passing  to  the  east- 
ward, the  mountain  range  on  that  side  of  the  country 
is  broken  off  by  a  {andigioas  fault.  When  you 
examine  the  Limeatones  there,  beyond  a  doubt  yon 
find  them  different  in  some  particnlars,  but  also  ytra 
find  a  conformity  between  that  great  range  and  the 
Umestone  to  ^e  west.  In  the  Limestone  on  the 
east  there  is  good  coal,  the  same  as  on  the  other  side  ; 
and  a  little  to  the  northward,  in  the  valley  of  the 
Tyne,  yon  get  the  Newcastle  coal.  Again,  in  the 
Canonby  coun^,  the  uonniry  of  the  late  Sir  James 
Graham,  you  get  a  large  quantity  of  it  Therefore, 
there  is  coal  on  iAxfi  south,  and  coal  on  the  north- 
east, and  coal  on  the  north,  and  I  cannot  think  that 
in  such  a  case  as  that  anything  can  be  in  the 
least  doubtful  except  the  depth.  I  think  that  there 
must  be  coal  there.  There  is  no  reason  at  all 
in  tiiat  country  to  anticipate  any  anticlinal  axis. 
It  is  probably  fne  from  it.  Now  it  is  to  be  con- 
fessed, I  beUeve,  that  tiie  depth  is  very  great; 
but  I  am  veiy  doabtfiil  whether  ffae  exbmne 
depths,  and  some  other  particnlars  which  hvn  been 
ftamidied  1^  Mr.  Ilarkness  toui^ng  that  country, 
will  be  found  in  trials  made  about  Wigton  or  Car- 
lisle. As  he  gives  them,  it  would  be  necessary  to 
choose  some  very  favourable  place  for  making  any 
experiment.  But  I  think  it  questionable  whether 
those  excessive  thicknesses  of  sandstone  can  be  said 
to  be  much  more  than  for  narrow  and  limited  bands, 
and  I  think  that  they  would  pass  off,  as  in  other  cases, 
to  sandstones  of  a  much  less  thickness^  and  further 
off  from  the  shore.  Therefore  I  think  that  that  is  a 
district  to  which  attention  should  be  directed  in  order 
to  learn  the  probable  depth  ;  and  beyond  that  I  have 
BO  doubt.  I  may  mofftjou  tl^at  ezpOTimenta  are  now 


going  oa  close  to  Barrow-in-FnmeaB,  sinking  thnmgh 
the  New  Bed  and  the  Pemuan  then^  as  they  thiil, 
down  to  coal. 

There  js  a  laige  tnct  of  country  lying  to  the  south 
of  Lanoaster,  to  the  west  of  Preston,  and  to  the  north- 
west  of  Wigan,  in  which  the  New  Red  deposits  are 
very  extensively  spread.  On  the  eastern  side  of  it  is 
the  great  anticlinal,  running  across  into  Yorkshire, 
and  which  has  the  same  character  there  which  it  has 
everywhere  else.  This  breaks  off  against  the  western 
tract  of  low  ground  ,*  not  by  any  distinct  fault  of  this 
country.  I  speak  from  very  careful  personal  examin- 
ation, made,  however,  a  good  many  years  ago.  You 
cannot  explain  the  occurrence  of  the  wdinary  Shales 
and  the  Millstone  Grit  in  the  manner  in  which  those 
rocks  present  themselves,  i^ainst  diat  large  flat  of 
New  Red  country,  by  any  clnr  and  distinct  fanlt ;  no 
doubt  there  may  be  a  fimlt,  but  it  is  an  eroded  fiinlt, 
Md  we  are  under  a  very  coosiderable  difficulty  in 
tracing  with  any  good  reason  what  may  be  the  con- 
dition of  things  in  the  country  to  the  westward.  It 
is  not  by  any  means  a  case  quite  like  some  others, 
where  you  might  say  thftt  the  axis  is  sure  to  be 
continued  ;  it  is  not  sure  to  be  continued,  for  this 
reason,  that  it  is  formed  in  a  great  number  of  cnrioua 
folds,  and  some  of  those  folds,  as  for  example  about 
Pendlehill,  are  very  deep,  and  admit'  Coal  measures. 
It  is  possible,  therefore,  ^at  in  this  directicm  SMne 
other  of  these  folds  m^  ^so  be  in  the  same  condition, 
and  may  admit  true  Coal  measures  under  a  part  of 
that  large  district ;  and  I  am  disposed  to  think  that 
two  experiments  which  have  bem  tried  ther^.one  of 
which  went  down  about  1,000  feet,  ought  not  be  con- 
sidered as  settling  the  question  as  to  coal  in  that 
district. 

728.  {Mr.  DiekirMm.)  At  Poulton,  I  think  that 
the  experiment  only  went  about  200  yar^  I  had 
the  information  from  the  blacksmith  who  prepared  the 
rods,  and  they  went  down  a  few  yards  short  of  200 
without  getting  through  the  Red  measnres  ? — I  have 
answered  the  purpose  which  I  had  in  view  in  calling 
your  attention  to  these  two  tracts ;  but  respecting 
one,  I  have  a  v^  confident  opinion  that  coal  exists 
there,  but  perhaps  at  too  great-  a  depth  ;  and  con- 
cerning the  other,  I  think  it  possible  that  coal  may 
be  found  at  some  time  or  other  in  limited  synclinal 
patdies  south-west  of  Lancaster  ;  but  I  cannot  think 
it  probable  that  any  large  tract  of  coal  exists  Hun. 
Of  coarse  it  will  be  easy,  after  the  survey  has  passed 
over  to  determine  in  each  of  theae  two  eaaea  what 
the  probabilities  really  are. 

(Chairmm,)  Then  are  scmie  patehes  of  New  Red 
lying  upm  tlie  Ywedale  rooks.  To  the  east  of  the 
general  boundary  of  the  New  Red  series  there  is 
abo  probably  Permian,  and  it  b^ins  to  be  doubtful 
whether  there  are  not  some  Permiui  beds  up  near 
Preston.  I  am  not  in  a  condition  to  give  a  definite 
opinion  upon  the  subject.  I  shall  probably  know  a 
good  deal  more  of  it  before  the  labours  of  the  Com- 
mission  are  closed,  than  I  do  now,  as  the  Snbject 
progresses  ;  it  is  rapidly  prc^ressing  in  that  very 
area,  and  I  Iiope  that  some  light  will  be  able  to  be 
thrown  upon  the  subject. 

{Professor  Phiilips.)  In  the  course  a£  yoor  in- 
quiries, do  you  take  any  notice  of  thb  probaUe  depth 
at  whidi  coal  can  be  worked,  supposing  duut  it  is 
reached? 

{Chairman.)  Onr  bnsmess  is  to  show  where  Coal 
measures  occnr,  and  vhere  th^  may  occur,  and  to 
leave  it  to  mining  eng^eers  to  determine  vbedier 
they  can  be  worked. 

724.  (Mr.  Godwin-Austen  through  tht  Chair- 
man,) You  have  estimated  an  enormous  thickness  Sk 
the  Cretaceous  series  in  Wiltshire.  In  getting 
at  it  have  not  you  taken  the  maximam  thick- 
nesses of  the  Cretaceous  and  the  Wealden  forma- 
tions in  parts  of  England  where  they  are  thickest. 
Will  you  reconsider  that  point,  namely,  whether  3,000 
feet  would  represrat  the  thickness  of  the  dead  strata 
above  the  true  Coal  measures  ? — ^In  my  estimate  of 
the  8,000  feet,  I  left  ont  the  Wealden.  I  Drill  not 


Digitized  by 


Google 


ON  THB  PBOBABILITT  OF  FINDING  COAL  tJNSEB  THE  FEBMIAN,  NEW  BED  601 
.  SANDSTONE,  AND'  OTHBB  SUPEBINCUMBENT  STBATA. 


liave  an}liiing  to  do  with  the  Wealden.  I  would 
begin  to  sink  on  the  western  side  of  the  Wealden 
altogether.  That  being  the  case,  I  take  1,000  feet 
for  the  Chalk,  which  I  think  is  within  the  mark  of 
Mr.  Whittaker'B  measure. 

(Cktannan.)  The  Chalk  measore  on  the  west  is 
1,200  fbet  in  some  places? — Taking  the  Greenaand  at 
250  feet,  it  makes  1,250  feet.  Then  jon  come  down 
to  the  Kimmeridge  Clay,  ny  3D0  that  would 
make  hSSO  feet ;  the  CoraUine  Oolite  may  be  100 
feet,  which  makes  IjSSO  fbet ;  the  CMbrd  Clay  is 
probably  GOO  feet,  that  makra  2,250  feet;  and  then 
you  come  below  that  to  the  pnre  Oolite  series,  and 
the  Lias,  and  the  New  Bed.  I  think  that  it  comes  to 
3,000  feet  at  the  least. 

{Ckairmtm.)  I  wish  to  say  how  much  we  are 
obliged  to  PiweesOT  FhiUips  for  the  large  bpdy  of 


valuable  evidence  which  he  has  brought  before  ns, 
which  will  no  doubt  in  many  points  help  the  Com- 
mission to  come  to  some  conclusions  of  value  when 
the  finid  report  is  drawn  op.  And  as  I  know  that 
Professor  I^tilltps  does  not  wish  to  be  detained  Umger 
than  he  cannot  avoid,  and  as  I  have  nothing  hn- 
portant  to  say  to  him,  I  will  not  ask  him  to  go  away, 
but  I  wiU  ask  him  to  consider  himself  at  liberty  to  do 
what  he  likes.  The  next  witnesa  is  Mr.  Geikie ;  he 
can  give  some  evidelioe  wiHi  regard  to  the  oecnrrence 
of  wcvkable  coal  nnder  the  Permian  and  Coal 
finmations  in  Scotland,  and  it  is  important  to  take  his 
evidence  at  this  poini  because  it  will  join  well  on 
to  the  evidence  which  has  been  given  by  Profeeaor 
Phillips  regarding  the  occurrence  of  Coal  measures 
underneath  thef  ermian  strata  of  the  northern  part  of 
the  Yale  of  Eden. 


D89 
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The  witneea  withdrew. 


Archibald  Gbikie,  Esquire,  Director  of  the  Geological  Survey  of  Scotland,  examined. 


A.  Oeikie,  Esq. 


725.  (CAairmaif.)  Will  you  give  the  Committee 
some  e^dence  with  regard  to  tiie  oocorrenee  of  coal 
under  ihe  Permian  rockn  and  Uter  formations  in 
Scotland  ? — The  uea  in  Scotland  occupied  by  geo- 
k^cat  formations  later  than  the  Coal  measures  is 
comparatively  small.  To  the  south  of  the  Highlands 
these  later  formations  consist  of  patches  of  Fennian, 
and  possibly  a  small  portion  of  Trias  on  the  shores 
of  t-he  Solway.  One  of  the  largest  areas  of  Peimiui 
rocks  in  Scotland  lies  in  the  centre  of  the  county 
of  Ayr,  where  it  occupies  a  space  of  about  28  square 
miles.  This  area  covers  Coal<measnre  strata,  uid 
coal  has  been  worked  on  all  sides  of  it.  There  is 
therefore,  reason  to  believe  that  coal  likewise  exists 
under  the  Permian  tract.  In  this  district  the  Per- 
mian rocks  lie  in  the  form  of  a  basin.  The  centre 
of  the  basin  is  occupied  by  a  mass  of  brick*  red 
Sandstones,  which  are  well  shown  along  the  course 
of  the  Ayr  and  Lagar  watera.  Over  much  of  the 
area  which  these  beds  cover  they  are  very  flat,  and 
it  is  therefore  difficult  to  estimate  their  actual  thick- 
ness. From  the  sections  in  the  Lugar,  and  thence 
northward  to  Mauchtine,  I  have  estimated  that  they 
may  be  about  1,000  feet  in  depth.  These  red 
sandstones  become  inter-stratified  witli  fine  volcanic 
ash  towards  their  base,  and  they  rest  upon  a  moss 
of  dark  amygdaloidal  and  porphyritic  rocks  of  vol- 
canic origin,  inter-stratified  with  seams  of  trap'tufi* 
and  red  sandstone.  This  igneous  zone  forms  the 
base  of  the  Permian  series.  It  rises  to  the  sur&ce 
all  round  the  basin,  of  which  it  thus  fbrms  the  Outer 
e^e  'or  ring,  endosing  the  overlying  swdstones. 
Its  liiickness  varies  considmbly.  On  the  n<nth-ea8t 
margin  it  is  pertiaps  about  250  feet  thiek ;  at  the 
Lugar  water  it  is  probably  not  more  than  170  feet ; 
whUe  westwards,  along  the  soathem  mai^D,  it  may 
be  as  much  as  400  feet.  Much  of  tJiis  rock  is  son 
and  easily  cut,  bnt'portions  we  exceedin^hr  hard,^and 
could  not  be  penetrated  by  a  shaft;  without  much 
expense.  It  is  nearly  certain  that  this  lower  band 
of  igneous  rock  underlies  the  whole  of  the  Permian 
basin  of  Ayrshire,  and  that  it  would  require  to  be 
pieroed  before  reaching  the  Coal  measures  under- 
neatii.  But  between  the  base  of  the  Permian  series 
and  the  actual  Coal-bearing  strata  below  there  lies  a 
thick  group  of  purple  and  red  sandstones,  days,  and 
ahales,  which  from  their  plant  remains  are  probably 
referable  to  the  upper  part  of  the  carboniferous 
system.  This  series  of  strata  is  found  rising  from 
under  the  Permian  basin  on  all  sides,  and  must  con- 
sequently be  presumed  to  be  continuous  under  the 
whole  of  that  basin.  It  spreads  otw  considerable 
spaces,  as  at  Kilmanux^  and  again  from  near  Ayr 
eastwwds  to  beyond  Cumnock.  At  jiresent  many 
pits  are  sunk  through  these  overlyii^  sandstones, 
and  coal  is  worked  underneath  them.  Their  thick- 
ness varies  greatly,  and  often  even  within  short 
distances.  For  example,  a  bore  put  down  at  Trees- 
bank  near  Kihuamock  passed  through  63  &tiioms 


of  Aese  strata.  Another  bore  in  the  pwish  of  9  Feb.  ie<9. 
CMgie  gave  58  fathoms,  while  the  pits  at  Annbank 
on  ue  south,  and  n^n  at  Holm  near  Kilmarnock 
on  the  norU^  are  sunk  through  about  30  jjathoms 
of  barreh  red  measures  before  the  ordinary  Coal- 
be  ariog  strata  are  reached.  But  in  no  bore  or  pit 
has  the  total  thickness  of  these  upper  red  measures 
been  ascertained.  Under  the  Permian  basin  it  pro- 
bably does  not  average  less  than  1,000  feet.  It 
appears,  therefore,  that  if  a  coal-pit  were  sunk 
through  the  centre  of  the  Permian  basin  of  Ayrshire, 
it  would  require  to  pass  through  upwards  m  2,000 
feet  of  rock  before  reauhiug  strata  in  which  coal 
might  be  found.  This  mass  of  rock  would  be  com- 
posed thus : — Brick-red  Sandstones  averaging  perhaps 
1,000  feet,  Amygdaloids,  Porphyries,  &c:,  250  feet. 
Bed  barren  Sandstones  and  Clays  1,000  feist,  makinfj 
altogether  2,250  feet.  There  are,  however,  smae 
indicirtionH  observable  round  the  ontakirts  of  the 
Permian  basin  which  lead  to  the  suspicion  that 
if  this  superincumbent  mass  of  rocka  were  pierced 
llie  Coal-seams  of  the  Ayrahire  field  would  not  be 
found  everywhere  in  a  profitable  condition  under  the 
Permian  basin.  In  the  first  place,  many  of  the 
original  vents  of  eruption  from  which  the  volcanic 
rocks  were  ejected  are  probably  concealed  under  the 
Permian  basin.  For  some  distance  round  these  vents 
the  coal'Seams  would  be  found  more  or  less  charrod 
and  altered.  In  the  second  place,  the  data  collected 
by  the  Geological  Survey  in  Ayrshire  show  that  tlie 
barren  red  measures  already  referred  to  do  not 
always  repose  upon  the  same  pu-t  of  the  Carboni- 
ferous series.  Jx^  tho  Kilmarnock  district  on  the 
north,  and  again  around  Coylton  (m  the  south,  these 
red  sandstones  form  only  the  upper  non-coal-bearing 
sone  of  a  very  thick  series  of  Coal  measures. 
Between  Uiese  two  places,  around  the  eastern  margin 
of  the  Permian  basin,  tiie  Coal-bearing  measures  thin 
away  until  to  the  north-east  of  Manchline  the  red 
rocks  come  to  rest  directly  upon  the  Carboniferous 
Limestone  series,  the  intervening  Coal  series  having 
disappeared.  I  think  it  probable,  therefore,  that  ■ 
under  the  eastern  part  of  the  Permian  basin  of 
Aynhire  the  coal  seams  are  either  absent,  or  are  thin 
and  poor.  Further  to  tiie  west  and  south  tbe  Coal 
measures  thidcen  Aut  again,  and  it  is  possible  that 
good  coal  may  exist  under  the  south-western  half 
of  that  basin.  I  would  'also  point  out  that  the  Coal 
seams  extend  under  a  broad  belt  of  the  uppw  barren 
red  rocks  of  the  Carboniferous  series  extending  from 
Cumnock  to  Cc^lton,  and  thmice  north-westward  to 
Monkton.  In.  several  places  pits  have  been  sunk 
near  the  margin  of  tbis  belt,  and  have  reached  the 
coal  below.  So  far  as  can  be  ateertaitted  at  preset, 
the  seams  may  be  found  under  the  whole  of  tiie  belt, 
which  may  m  roughly  computed  to  oover  an  area 
of  30  square  miles.  Taking  this  aud  the  odier  aneas 
of  red  sandstone  under  which  coe  lhas- -either  net 
beoi  worked*  or  very  qwii^j.  S0|  and  t«kiag.idsQ 
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the  EwgatoQ  bMw;iinder  « <;f)iariderab|i»i»^ 
goQiJofnl  maf  he.xeasODai^y.  pi;f!»umeil  to  Qxi&t,  we 
finil.-thAli  in  heut  of  4be,  Ay r^ire  coalfield 
ia  »  h4)i!»  district  wiier^  coalia  not  at  piesent  worked, 
ant  where  it  wUl  prolttlily  lie  wtn-ked  in  the  future. 
To  the  south  ef  tlie  Ayr^ire  district  Ue&.Buothra- 
baain  of  Permifui  rocks  occupying  the.  valley  of  the 
Nith  at  ThomhiU.  These  strata  cover  an  area,  of 
about  l7.  square  miles.  They  reat  partly  upon  Lower 
-Silurian,  ,tak&  partly  upon  Carboniferous  rocke.  But 
the  laUfi-,  though  undoubtedly,  part  of  the  Carbpnl- 
ferods  systeai,  bdimg  iQ  cta  ja'w^  pcHrtioofi,  and  X  do 
.not  think  they  give  any.  indication  of  j)robably  con- 
taining coal..  -  There  are  other  amoUer  outl^rs.of 
Penttiaa  rotiks  flcatkired  oTftrthe  soath  of  Scoljapd, 
.bofc  t|iey  do  not.coaoe^i.anr  -waL  Jn'  ib»  south- 
east^ purts  of  the  county  of  Dumfries  a  consid^able 
district  is  occnpied  by  Permian  rocks,  from  under 
which  on  the  east  coal-bearing  strata  emo^  But 
J  am  unable  to  speak  of  this  district  from  personal 
knowledge.  An  opinion  exists  that  the  red  Baud- 
stones  of  the  maritime  parts  of  the  coanty  of  Ayr,' 
and  also- of  the  southern  half  of  the  island  of  Arrau, 
are  :later  thau  the  Coal -measures,  and  that  coal  may 
be  found  b^w  them.  In  the  course  of  the  Geo- 
logical Survey  -of  Ayrshire  I  have  gathered  abundant 
.  evidence  to  prove  that  this  opinion  is  a  mistake,  a^id 
that  these  red  sandntones  lie  below  the  coal-bearing 
part  of  the  Carboniferous  system.  Overlying  their 
-nppei:  portions  coal  ia  apmetimes  found,  as  in  Bute, 
jand  at  the  north  end  of  Arran,  but  it  ia  poor  in 
quality  ofvl  «niU  in  qoantity.  To  the  north  and 
■north-w^at  of  the  Gnuppiftu .  chain  no  CBrboniferons 
rocks  are  found*  Coal,  Sowevei-,  exists  in  that  north- 
ecn  region,  and  has  been  worked,  though  thq  min^ 
have  long  been  abuidaned.  The -beat  .known  work- 
ings were  those  at  Brora,  from  which  70,000  tons  of 
.coal  are  said  to  have  been  extracted  between,  the 
years  1814  and  1827..  This  coal,  as  was  :^sL  pointed 
oat  by  Sir.K.  I.  Murchison,  belongs  to  the  Ooloitlc 
ueriee.  In  several  of  the  Western  Islands  cpal  exists 
and  hae  even  been  worked  to  a  small  extent.  In 
Skyecoal  occara  near  Portree  and  in  diScreut  parts  of 
TroUeiiniali.  Some  years  ago  I  found,  a  seam  of  good 
cubical  coal  on  the  aea  coast  to  the  north  of  Dun- 
vegftn.  I  have  likewise  observed  sever^  coal  seams 
in  the  island  of  MuU.  In  all  thj^  islands  the  ccial 
I  believe,  of  Miooeoeiage.  It  commonly,  occurs 
.  wnoog  maaaea  of  hard  basalt,  and,  so  far  as  I  hare 
obaerrod,  liea  only  in  small  lenticular  patches.  I  do 
jiot  .bdieve  that  any  profitable  working  of  coal  Is 
■  Iftely.to  be  made  north  of  the  Grampians..  I  ought 
perhaps  to  mention,  however,  that  some  of  the  sh^es 
assoeiated  with .  the  coals  are  occasiiooa^y  highly 
bituminoila.  Thia.waa  particularly  the  c^ase  in  some 
of  the  workings  for  coal  at  Brora.  The  fact  is  pro- 
bably worthy  of  being  recalled  in  relation  to  the 
.  extensive  and  increasing  use  of  such  shales  in  the 
manufacture  of  mineral  oils. 

726.  I  understwid  you  to  say.  that  you  have 
proved  that  the  Suidatonea  in  tiie  south  Arran 
which  lie  upon  die  more  ancient  rocks  are  ol4^  than 
the  workable  Coal  meaavvea  ? — Tes, 

727.  They  used  to  be  considered  Penniaa  j  first 
the  New  Bed  Sandstone  and  tiien  Fenuian 
belong,  in  retdity  to  the  Imw  part  pf ,  Ha^  Calciiferous 
Sandrtone  a^cies,  which  forma  in  Sec^land  the  lowest 
division' of  the  Carbtmiferous  fonnation.  . 

7^.  Wbwfi.  18  this  coalfield  whi(^  underUes  the 
Permian  stratA.  in  Dumfries'  ? — (;The  wiiims  pcirUed 
mtLthe  same.) 

729.  .Ton  heard.  Professor  Phillips' evidencje  on  the 
aubjeet  of  the.  occurrence  «f  Permian  rocks  undor- 
.  neath  the  Vale  of  Eden  ?^Yes.  ,  .   "  , 

And  this  wpifld  be  a  oont^nuatjum  of  Coal 
.  measures  t — I  think  it  highly  pi^tbable. 
.  73i-  (MK  Qed^)  Have  ypu  directed  your  ideas 
io  iJie.ABBao  distriet?— ^ot  in  detail.  I  have  visited 
it,  and  have  a  general  knowledge  of  its  geological 
fftmetare. 

o  .792.  {Chaimtm.)  .Do.  j:QQ,>now..anyt^4ng  abovt 


the  cob]s  which  are  worke^  underneath ,  the  Fmniaa 
Sl^fdstone  in  DumfHesshIre  ? — t  do  not  know  any- 
thjing  of  them  from  pc^sonid  observation. 

ISZ.  thej '.thick  a:  thin?— There  are,  I 
believ^  some  very  good  workable  seams  of  coal  in  the 
Canobie  Coalfield, 

(Mr.  Geddes.)  There  is  no  coal  known  to  exi»t 
in  Dumfriesshire  of  any  value  except  at  Canobie 
Eirkcoonel  and  Sanquhar.  My  present  impression  is 
that  it  is  reasonable  to  expect  .these  coeds  ranging 
from  Canobie, qn wards  to  Ecclefechan,  and  I  infer  from 
that  that  it  is  reasonable  to  imagine  that  there  is  a  laige 
coalfield  in  the  southern  part  of  the  county  of  Dum- 
•  fries,  but  I  believe  no  bwinga  have  been  made  ex- 
cepting in  the  Springkell  estate.  There  are  oalj  two 
seams  there^  one,  2,feet  thick  and.  the  other  10  inch  en 
thid(»  which  1  take  to  bo  tlie  lowest.  At  Canobw,  for 
example,  there  are  seven'  seams  of  coal  varying  frtm 
7  4^  to '24  feet  I  have  been  in  most  of  the  {nta 
myself,  and  that  is  the  reastm  why  I  attach  so  much 
importance  to  what  may  occur  to  one's  mind  as  to 
what  is  in  fhe  southern  part  of  Dumfriesdure. 

(  Cfioirman*)  Do  you  l^ow  how  Uiese  coela  in  the 
southern  part  of  Dumfries^ire  dip,  ? 

{Mr.  Geddes.)  They  dip  southward.  There  are 
three  or  four  shafts  at  Canobie.  The  dip  of  these 
coals  is  southward. 

.( Ckainnan.)  The  coalfield  at  Canobie  apparently 
lies  very  low  down  in  the  Carbfmiferoua  series. 

{Mr.  Geddes.)  I  should  say  so. 

And  the  beds  dip  southward  ? 

(Mr.  Geddes.)  Y^. 

(Chairmcm.)  And  pn  the  sout^  side  of  the  Vde 
oi  £den  the  true  CoeJ-measur^  come  in  above'  the 
Carboniferous  X'imeatone  series  ;  and  what  you  have 
atated  would  tend  to  «how  that  it  is  probable  that 
somewhere  between  the  Coal  measures  south-west  of 
Carlisle  and  Canobie  the  upper  Coal  measures  come 
in  in  productive  force  beneath  the  Permian  rocks  in 
the  Vale  of  Eden. 

(Mr.  Geddes,)  That  is  what  I  should  expect. 

(CAairtnan.)  Mr.  Howell,  has  reminded  me  th.-il 
Mr.  Binny  has  observed  the  Spirorbis  Limestone  at 
Canobie. 

{Mr.  Getkie,)  The  Spirorbis  Xiimostone  occurs  io 
the  Mppet  barren  Bed  meaaiu-es  of  the  Ayrshire  coal- 
field. 

(Chairman.)  The  map  on  the  (Hjiipe*s  geo- 
logical map  of  Great  Britain  and  Ireland)  shows 
]^^untain  Limestone. 

734.  (Mr,  Dickinson.)  Ton  have  spoken  of  the 
original  vents  of  eruption  of  these  volcanic  rocks. 
Are  you  aware  whether  any  original  vents  have 
been  discovered  in  any  of  the  Coal  measures  under- 
neath ?— Yes  J  they  -have  been  found  at  a  number 
of  places ;  in  the  Dalmellington  coalfield,  in  the 
Muirkirk  coalfield,  uad  also  in  ^  neighbourhood  of 
Coylton.  '  , 

735.  Were ,  th^  quite  distinct  from  the  trap- 
dykes  ? — Yes,  perfectly  distinct.  ■ 

,736.  Of  wh^t  shape  were  they  ? — They  are  more 
or  leas  circular  in;form,and  are  filled  wjth  a  very 
coarse  volcanic  agglomerate,  made  up  of  angular  and 
subangnlar.  pieces  of  different  trappeaa  rocks  im- 
bedded in  diUl  red  felapathic  paste. 

737.  About  wlMit  width  irere  these  vents? — 
They  are  ahpwn  on  the  map  fa;ere.  Some  of  them 
may  b^  aa  much  as  a  furlong  or  more  in  breadUi, 
others  are  only,  a  few  yards  in  diameter. 

738.  That  is  the  depth  at  which  the  floating  whin 
■came  out? — I  cwanot  say  that  the  fioating  whin,  or, 

.  in  geological  language  the  sheets  of  dolerite,  which 
occur  in  the  Ayrahii^e  coalfield,  came  out  from  these 
vwts.  The  latter  are  now  filled  up.  with  that  coarse 
volcanic  agglomerate  to  which  I  have  referred  ;  they 
have  no  ctmnexion  wijth  the  ord^vy  intrusive  sheets 
of  dolerite  or  floating  wfaiif  of  ^  ^^^ialfields. 

739.  Then^,  as  far  as  you  are  awar^  no  vent  has 
been  diaoovcred  in  connexion  wijii  any  of  these 

.  floating  whine  ? — I  am  not  aware  of  any  hiaving  beoi 
,  fi)ttQ4  in  Ayr^^e* . 
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740.  Then  the  probabQity  is  that  these  floating 
whine  came  through  the  trap-dykeB  ? — ^It  in  some 
cases  possible.  As  a  riUe,  however,  ike  whin-dykes 
of  Ayrshire  are  much  more  recent  than  any  of  the 
other  rocks  of  that  disti'ict ;  they  ran  generally  frouL- 
south-east  to  north-west,  or  from  east  to  west ;  they 
cnws  large  faults  ^  thOT  cat  through  iha  POTmian 
rooks  indeed  all  the  rp(uta  of  the  coaQtry,.and  they 
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may  be  traced  from  Ayrshire  through  Argyleshire  A.^liie,Eiq. 
until  they  are  found  uniting  with  the  great  mass  of  — — 
volcanic  material  which  ranges  from  the  south  of    •  M**  I8«9. 
Antrim  through  the  Western  Inlands  and  the  Faroe 
Islands  up  into  Iceland.    I  therefore  regard  these  east 
and  west  trap-dykes  as  probably  of  Miocene  age.' 

741.  Have  any  of  these  trap-dykes   any  great 
throw  ?~Ab  a  rule  they  have  no  thnnr. 


■  The  witnns  withdrew. 


Hbhrt  HowzfiL,  £Bq^  reexamined. 


{Chairman.)  I  will  now  ask  Mr.  Howell  to  give 
information  respecting  certain  points  connected  with 
the  Northumberland  and  Durham  coalfield. 

742.  l^Chairman.')  Will  you  state  what  yon  know 
with  re^rd  to  the  extension  .of  the  Xorthumb^land 
and  Dhorham  Coalfield  eastwards  undemea^  the 
Fennian  Strata? — In  examining  the  north  end  of 
the  Coalfield  between  the  River  Wansbeck  and  the 
River  Tyne,  I  find  that  the  Coal  measures  on  the 
coast  rise  to  the  sea..  The  bottom  of  the  basin, 
speaking  roughly,  coincides  with  a  line  'drawn  from 
North  Seatou  Colliery,  and  passing  through  Newsbam, 
Seaton  Delaval,  Backworth,  and  Wallsend  to  Jarrow. 

743.  That  is  the  deepest  part  of  the  basin  ? — ^Yes. 
On  the  east  side  of  that  line  along  the  coast  the  Coal 
measures  rise  to  the  sea,  ^d  on  th^  west  side  they 
rise  to  the  west.  Therefore  the  centre  of  the  basin 
is  on  a  line  between  the  North  Seaton  Colliery  and 
Jarrow.  South  of  the  Tyne  the  axis  of  the  basin 
passes  under  the  Permian  rocks  and  ^e  Magnesian 
Limestone  in  a  Uoe  from  Jan-ow  to  MonkweuTnonth 
Collierr,  which  ia  supposed  to  be  at  the  bottom  of  the' 
basin.  The  beds  there  are  nearly  flat ;  they  are  supposed 
to  rise  on  all  sides. 

744.  To  the  east  and  west  ? — Yea  ;  but  they  are 
so  very  flat  that  there  is  hardly  any  dip  at  all.  At 
Harton  Colliery,  which  is  close  to  South  Shields,  on 
the  south  of  the  Tyne,  the  beds  certainly  rise  to  the 
sea,  or  a  few  degrees  to  the  north  of  east.  South  of 
Monkweannouth  Colliery  there  arc  Ryhope  and 
Seaham  Collieries.  The  coals  there,  which  ai-e 
under  the  Magnesian  Limestone,  dip  to  the  east,  and 
at  Ryhope,  as  far  as  the  workings  have  extended  to 
the  sea,  tixe  dip  is  still  to  the  east.  Therefore  tbe 
bottom  of  the  basin  south  of  Monkwearmouth  is 
under  the  sea,  as  far  as  we  know.  The  Monkwear- 
mouth Ryhope  and  l^eaham  Collieries  all  pass  through 
the  Magnesian  Limestone. 

745.  What  is  known  further  south  than  that 
under  the  Magnesian  Limestone,  with  regard  to  the 
lie  of  the  Coal  measures  ? — I  do  not  think  that  the 
termination  of  the  Coal  measures  is  known  ;  hut  I 
understand  that  some  of  the  coals  which  are  worked 
at  Castle  Eden  CoUieiy  and  South  Wingate  crop  up 
against  the  yellow  sand  which  immediately  underlies 
the  Magnesian  Limestone. 

746.  In  what  direction  do  they  cj-op  up  ? — To  the 
Bouth-west. 

747.  Do  yon  consider  it  probable  that  the  southern 
boundary  of  the  Coalfield  underneath  the  Magnesian 
Limestone  turns  round  in  an  easterly  dii*ectioa  ?• — Tea, 
I  ahonld  think  so.  The  coals  rise  to  the  south  and  south- 
west }  but  the  actual  tennination  of  the  C6alfield 
has  not  been  proved. 

748.  But  as  &r  as  the  evidence  goes,  and  as  far 
as  you  know,  it  does  point  in  that  direction  ? — Yes ; 
the  beds  have  a  tendency  in  that  direction. 

749.  And  north  of  the  Tyne  the  Coal  measures 
dip  on  the  coast  to  the  west  ? — ^Tes. 

*  750.  Under  these  circumstances,^  do  you  think  it 
a  possible  thing  that  the  whole  field  is  simply  a  b^in 
the  eastern  margin  of  which  is  out  at  sea  ?— X  ^ould 
think  so. 


751.  Do  you  know  whether  any  of  the  mining-   

engineers  or  coal  proprietors  in  the  North  of  England    *  '8«9. 
who  consider  such  matters  have  formed  any  con- 
clusions on  the  subject  ?— I  do  not  know. 

752.  You  never  heard  imy  of  them  apeak  abvut 
It?— No.' 

753.  If  it  be  a  basht,  and  if  the  beds  underneath 
the  Coal  measures  crop  up  to  the  south,  it  is  an 
argument  agwnst  the  probability  of  Coal  measnres 
being  found,  at  all  events  in  the  neighbourhood  of 
the  Coalfield  underneath  the  Permian  and  S^ndary 
rocks  which  lie  between  the  Durham  and  the  Tork- 
shire  Coalfields  ? — ^Yes.  ' 

754.  (Mr.  Dickinson.)  Are  you  prepared  to  say 
whether  the  coals  take  a  decided  crop  up  at  the 
southern  end  of  the  Coalfield,  or  whether  they'  get 
into  a  confliaed  state? — Thei-e  is  a  decided  .ti^op  up, 
as  I  understand ;  but  I  cannot  say  from  my  own 
knowle(^. 

755.  £  the  rise  pretty   steep  ? — No  ;  not  very 
steep. 

756.  With  regard  to  the  ektension  u^der  the  sea, 
there  are  Coalfields  in  this  country  where  there  is 
a  very  slight  inclination  on  one  side  of  the  field,  and 

on  the  opposite  «ide  it  terminates  by  a  very  steep 
inclination.  May  it  be  possible  that  this  Northumber- 
land and  Durham  Coalfield  does  not  extend  so  far 
under  the  sea  as  is  expected  ? — It  is  a  very  gentle 
rise  to  the  sea  all  along  this  coaal^  as  far  as  4t  hati 
been,  proved. 

757.  For  instance,  tliat  is  the  case  in  the  North 
Wales  Coalfield  and  the  Dean  Forest  Coalfield  and 
the  Lancashire  Coalfield ;  and  there  are  many  instances 
where  one  side  has  a  very  steep  rise,  whereas  the 
other  side  has  a  very  gradual  rise.  The  western  side 
of  the  Northumb^land  Coalfield  has  a  very  slight  dip 
from  Abton  Moor  idl  the  way  down  to  Monkwear- 
mouth. May  not  the  field  have  a  very  .steep  rise  out 
to  sea,  and  not  go  so  far  as  is  expected  ?— lAs  far  as 
the  workings  have  extefaded  at  Harton  Colliery 
towards  the  sea  the  rise  is  very  gentle. 

758.  Do  you  know  that  some  of  the  coal  owners 
have  been  leasing  the  coal  for  three  mil^  out  to  sea  ? 
— I  understuid  so  at  Ryhope  ;  at  Ryhope  they  dip' 
towards  the  sea, 

759.  {Chairman.)  Where 'is  that? — Immediately 
to  the  south  of  Sunderland, 

760.  That  would  point  to  a  great  extension  of  the 
Coal  measures  seaward  ? — ^Yes.  At  no  point  along 
tiie  Co^fidd  have  they  worked  yet  under  high-water 
mark. 

761.  {Mr,  Dickinson.)  Under  Tynemonth  Castle 
there  is  an  old  coal  working  to  be  seen  at  the  cUfi*? 
— Te^  i,  close  ajong  the  coast.  The  coats  crop  along 
Uie  coast  there^  you  can  see  them. 

762.  (Chairman.)  po  we  .dearly  understand  it  to 
be  your  cipiaion  that  underneath  the  Ma^esian 
lantestone  at  the  southern  end  of  the  Coalfield  the 
coal  me^ures  crop  up  against  its  base  with  a  northern 
,dip  ?— Yes  ;  ov  rather  a  north-eaatern  dip,         '  .  ,J 

,763^  Have  you  any.  infonn^tioa  to  give  tb4'tlie 
tlomi^ttee  with  respect  t^  the  a(igle?--sNo«  '  *  V  ] 


The  witness  -withdrew. 
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Albxahdeb  Hbnbt  Gbeen,  Esq., 

764.  {Chairman).  I  will  ask  70a  to  give  na  yovf 
evidence  with  regard  to  the  Toruhire  and  Derbyshire 
Coalfield,  and  I  will  ask  yon  especially  to  tell  us  what 
you  know  with  respect  to  the  extensiim  tiiis 
Coalfield  underneath  the  Permian  and  Secondary 
rocks  ;  whether,  among  other  things,  it  is  likely 
to   join   the  Durham  Coalfield    underneath  the 
Secondary  rocks,  or  whether  you  consider  that  the 
Yorkshire  and  Derbyshire  Coalfield  probably  lies  in 
a  distinct  and  separate  basin,  cut  off  from  any  other 
coalfield  by  ridges  of  older  Paleozoic  rocks  under- 
ground ? — I  had  better  first  explain  this  rough  sketch 
which  I  have  drawn  of  the  Derbyshire  and 
York^ire  Coalfield.   The  black  line  represents  the 
outcrop  of  the  Silkstone  coal,  or  its  equivalent, 
throughout  the  whole  field.   The  red  line  represents 
the  outcrop  of  Uie  BarnsW  bed,  w  Top  Hard  bed  of 
Derbyshire,  or  its  equiTiuen^  throogbout  the  whole 
of  the  field.    I  have  «8o  introduced  the  Klbum  coal, 
and  tho  Lowmoor  beds,  its  possible  eqalTalents  in  the 
northern  part  of  the  field.    I  have  also  put  in  a  small 
piece  of  the  uatcrop  of  the  Middleton  Main  for  a 
purpose  'Which  I  wUl  explain  afterwards.    This  belt 
Ipointtng  to  the  map)  represents  the  outcivp  of  a 
very  thick  bed  of  sandstone,  which  is  known  as  the 
Upper  Cheret  Rock.    It  is  not  continuously  traced 
because  ihe  rock  dies  out,  but  there  is  no  doubt  that 
if  the  sandstone  continued  as  a  sandstone  it  would- 
go  in  the  direction  of  that  dotted  line.    This  little 
red  patch  {pointing  to  the  map)  represents  an  outlier 
of  a  stiU  highw  sandstone,  the  highest  bed  of  sand- 
stone existing  in  the  Yorkshire  Coalfield,  known  as 
the  Ackworth  Bock.  The  bine  represmts  the  over* 
lying  Magneuan  Limcsttme  and  oUier  Permian  beds, 
and  here  {pointing  to  th*  map)  I  have  just  introduced 
a  portion  of  the  New  Bed  Sandstone.   Tlie  blue 
dotted  lines  are  faults,  of  which  I  have  introduced 
only  a  few  which  were  necessary  for  my  purpose  ; 
the  greater  part  have  been  omitted,  and  the  outcrops 
merely  represent  the  general  average  run  of  the  beds ; 
in  fact,  they  represent  what  would  be  the  outcrops,  if 
we  suppose  most  of  the  faults  abolished.    Looking  at 
these  outcrops,  one  sees  that,  over  the  part  of  the 
field  between  Helper  and  Sheffield  the  average  strike 
or  level  line  of  the  beds  must  be  nearly  due  north 
tmd  south.   From  Sheffield  to  Bradfiir^  it  will  be 
from  south-east  to  north-west.   Between  Bradford 
and  Leeds,  though  the  measures  are  very  much  broken 
up  by  fiuilts,  it  seems  that  tho  average  strike  bends 
round,  and  takes  a  north-easterly  direction,  and  when 
we  get  some  distance  to  the  east  of  Leeds  it  bends 
round  still  more,  and  as  the  outcrops  of  the  Beeston 
wd  31  iddleton  Main  coals  seem  to  show,  runs  nearly 
due  east  and  west.    In  Ihe  same  way,  at  the  southern 
end  of  the  Coalfield,  the  outcrops  bend  round  to  the 
East,  though  in  a  less  marked  degree.    The  outcrop 
of  the  Kilburn  coul  has  a  very  decided  bend  round  to 
the  east ;  the  outcrop  of  the  Block  Shale  or  Ood 
coal  also  bends  in  that  direction  ;  but  unfortunately, 
owing  to  a  fault  which  has  a  large  downthrow  to  the 
east,  these  outcrops  cannot  be  traced  any  further  to 
Ute  east  than  is  shown  on  tho  map.    On  the  down* 
cast  side  of  the  fault  they  are  concealed  below  overlying 
New  Bed  Sandstone  rocks.   The  outcrop  of  the  Top 
Hard,  though  it  bends  a  little,  does  not  shew  so  decided 
a  change  of  strike  as  the  two  lower  beds  just  mentioned. 
Looking  at  this  bn»d  Jact,  that  tiiroughont  tiie 
greater  pai't  of  the  field  the  arerage  strike  of  tiie 
beds  ranges  &om  north  to  south,  m  frwn  north- 
west to  south-east,  and  that  at  both  the  ntHrUiem 
and  the  southern  ends  of  the  field  the  beds  bend 
round  to  the  east,  we  see  that  the  part  of  the  Coal 
field  actually  exposed  to  view  has  the  shape  of  one 
half  of  a  basin,  and  are  naturally  led  to  infer  that  the 
part  hidden  below  the  Permiw  and  New  Red  Sand- 
stone rocks  has  the  shape  of  the  cOTresponding  half: 
or  in  other  words  that  tiie  Coalfield  is  a  basin,  of 
which  the  easteni  part  is  hidden  by  overlying  uu- 
confoimable  rocks.   HycoQeagne,  Mr.  Wwd,  who 


(28,  Jeriayn  Street,)  examined, 

wUI  come  alter  me,  has,  from  a  study  of  the  coontty 
immediately  North  of  tho  Coid  measures,  come  to  a 
somewhat  diffbr«it  conclnsion;  but  as  I  do  not  know 
his  ^und  I  must  leave  the  explanation  entirely 
to  him.  It  is  with  the  Coalfield  ^one  that  I  profesK 
to  be  acquainted,  and  I  am  now  speaking  only  of  the 
inference  which  I  shoold  draw  ftom  tlie  Codfield 
itself. 

I  come  now  to  the  point  raised  by  Mr.  Diekinsoa, 
namely,  the  possibili^  of  the  easterly  rise  of  the 
Northumberland  Coalfield,  and  perhaps  of  this  Coal- 
field also,  being  steeper  than  the  rise  on  the  wesU 
I  think  that  this  extremely  improbable,  for  the 
following  reasons :  If  we  take  any  east  and  west 
section  across  the  Penine  range  of  hills,  from 
lAAcashire  into  Yorkshire,  or  from  Staffordshire  into 
Derbyshire,  we  find,  as  a  rule,  the  dip  greater,  the  con- 
tortims  more  violent^  and  tiie  faults  larger  on  the 
western  than  on  -the  eastern  side  of  the  central 
dividing  range  of  hills.  Take,  for  instance,  a  line  of 
section  from  the  Coalfield  of  Uie  Potteries,  across  the 
Carboniferous  Limestone,  to  the  Derbyshire  Coal 
measures.  The  beds  on  the  western  side  are  folded 
into  a  series  of  troughs  and  arches  with  dips  varying 
from  40°  to  90°  on  one  or  both  sides,,  and  are  broken 
by  numerous  very  large  faults.  On  approaching  the 
central  anticlinal  the .  measures  rear  up  sharply  and 
are  suddenly  bent  over  into  a  position  not  far  from 
horizontal ;  this  lie  they  keep  till  they  begin  to  turn 
oyer  to  the  eastern  dip.  '  The  change  in  dip,  however, 
here  is  vastly  different  from  that  in  the  west ;  instead 
of  plunging  down  at  angles  of  30°  or  40^,  they  slope 
gradua%  away,  at  an  average  inclinatioin  of  not  more 
than  10°  ;  and  if  we  trace  them  still  further  to  the 
east,  we  find  that,  instead  of  being  ffdded  again  and 
again,  as  on  the  west  of  the  Penine  Chiun,  they  slope 
away  with  a  dip  constantly  in  the  same  direction, 
but  getting  smaller  and  smaller  as  we  go  cast.  The 
examination  of  any  other  section  across  the  Penine 
Chain  will  shew  the  same  or  like  facta ;  and 
since  in  that  portion  of  the  Carboniferous  Bocks  of 
the  north  of  England  which  is  exposed  to  view  the 
dip  constantly  decreases  as  we  go  east,  I  am  led  to 
infer  that  the  same  law  will  apply  to  that  part  hidden 
below  Secondary  Rocks  still  further  to  the  east,  and 
tltat  the  beds  of  the  Yorkshire  Coalfield,  when  they 
began  to  turn  up  to  the  east  beneath  these  rocks,  will 
rise  at  an  angle  even  smaller  than  that  of  their 
western  basset.  Though  I  am  not  well  acquainted 
with  the  district,  I  believe  that  similar  reasoning  will 
api^y  to  the  Northumberland  Coalfield. 

765.  {Mr,  Diekauon),  Can  yon  state  wlut  the 
dip  of  the  coal  is  cm  the  eastern  side  of  the  Lancashire 
Coalfield  in  the  neighbourhood  of  AshtOD-undcr-Lyoe 
aud  Dukinficld  ? — I  cannot  speak  positively  of  the 
dip  of  the  coal,  but  as  regai'da  the  dip  of  the  under- 
lying Millstone  grits  it  was  found  to  be  very  steep 
indeed. 

766.  It  is  exceedingly  steep  on  the  eastern  aide 
of  the  Lancashire  Coalfield  ? — Yes  ;  that  tells  for  my 
view,  since  the  ground  is  on  the  western  side  of  the 
Penine  Chain.  On  the  whole  of  the  western  side  of 
the  Penine  Chain  we  find  steep  dips  and  great  dis- 
turbances. 

767.  Do  you  know  the  Irwell  fault  ?— Yes. 

768.  It  is  quite  as  near  tlie  eastern  side  as  the 
western  side  ?— Yes ;  but  it  beai-s  out  what  I  sud, 
namely,  that  the  fatdte  on  the  western  side  of  tlie 
Penine  Chain  were  greater  than  on  tho  eastern  side. 

769.  Then  you  hold  out  good  hopes  of  a  coalfield 
existing  far  out  seawards  ? — I  meant  my  remarks  to 
apply  specially  to  Yorkshire,  but  the  same  reasooing 
would,  X  think,  hold  for  the  Northumberland  field.  . 

770.  {Chairman),  Are  there  any  indications  which 
yon  know  of  underneath  the  Magnesian  Limesloue 
which  would  lead  you  specially  to  expect  an  upward 
rise  of  the  carboniferous  strata  to  the  east;  beneatk 
the  Magnesian  Limestone  and  New  Bed  Sandstone ; 
are  yon  aware  of  any  nnkings  through  the  Mi^oeain 
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Limesume,  which .  woald  help  y^ii  to  the  conclusion 
that  these  coal,  measarea  may  lie  ia  the  fbrih  of  a 
broad  Bynclioal  curv^e,  the  eastern  side  of  which  ia 
buried  under  the  Permian  and  Secondanr  rocks.? 
— The  sinkings  through  the  Magneaian  Limestone 
have  principaJly  been  made  at  the  southern  end  of 
the  field,  of  which  I  am  aorrj  to  say  I  have  no 
pereonal  knowledge  whatever.  In  that  part  6f  the 
field  with  which  I  am  aeqnainted,  the  ainldng  nearest 
to  the  MagiHwian  LineBtoDe  la  at  Denaby ;  tiiere  the 
beds  are  still  dipping  towards  the  east,  but  tMs 
colliery  lies  between  two  very  lai^  faults,  the  eflEbct ' 
of  which  has  been  to  entirely  change  the  strike  <^  the 
raeasores  over  the  ground  between  them  ;  and  there- 
fore I  do  not  think  that  we  can  argub  much  about 
the  general  strike  of  the  coalfield  from  the  lie  of  the 
beds  between  these  faults.  One  colliery  has  been 
sunk  through  the  Limestone  at  Micklefield  to  the 
east  of  Leeds,  and  there,  I  believe,  the  beds  were 
lying  so  very  nearly  flat  that  it  was,  impossible  to  say 
what  was  the  level  line  of  the  colliery* 

771.  You  stated  that  you  thought  it  probable  that 
the  coalfidid  extended  far  to  the  east  of  the  Hi^eaian 
Limestfme  that  borders  it.  Have  you  formed  any  idea 
as  to  tiie  possible  extent  c£  it  undemeath  the  3fogne- 
sian  Limestwe  { hare  yon  any  reaKUu  for  considwiDg 
that  it  is  pM^)le  to  arrive  at  an  approximately 
correoi  opinion  on  tiut  sulject  ?— ^ne  might  pro- 
bably give  a  rough  estimate  thus.  In  this  section 
the  beds  beneath  the  Magnesion  Limestone  lie,  as  far 
as  I  can  make  out,  vexy  nearly  flat,  so  that  we  might 
consider  that  we  have  there  reached  the  centre  of  the 
trough,  and  that  the  distance  from  the  edge  of  the 
Magnesian  Limestone  to  the  western  ouUTop  of 
the  Silkstone  Coal,  which  is  about  12  miles,  repi'e- 
sents  one  half  of  the  breadth  of  the  basin.  I  said 
just  now  that  I  thought  that  there  was  reaaou  to 
believe  that  the  beds  on  their  eastern  basset  would 
rise  at  a  lower  angle  than  at  their  western  outcrop  ; 
therefore,  it  is  probable  that  the  eastern  half  of  the 
baan  will  be  broader  than  this  half  which  is  an* 
covered,  by  Pumian  rocks,  at  least  a?  broad  as  that, 
and  possibly  somewhat  broado',  but  we  should  be  cm 
the  nfe  side  if  we  i-ockoned  it  to  be  of  that  breadth. 
On  this  st^>position  the  Silkstone  Cktal  may  be  ex- 
pected to  crop  up  against  the  overlying  Secondary 
Rocks  about  Soaith.  Considering  the  Field  as 
roughly  elliptical  in  shape,  and  <^  miles  long  by 
24  broad,  we  shall  have  between  1,100  and  1,200 
^uare  miles  fur  the  area  underlaid  by  the  Silkstone 
Coal. 

772.  Have  you  any  remarka  to  offer  upon  the 
probability^  or  the  reverse,  of  the  Yorkshire  Cool 
being  united  to  that  of  Durham  underneath  the 
Permian  and  Secondaiy  I'ocks  of  Yorkshire  ? — No  ; 
that  I  ontii-ely  leave  to  my  colleague^  Air.  Ward,  who 
has  surveyed  part  of  the  gnmnd  betwew  the  two 
Coalfields. 

773.  With  regard  to  the  sou  than  end  of  the 
Coalfield,  have  you  seen  tiie  borings  made  by  fcUr 
Robert  Clifton? — I  have;  and  I  hAve  prepued  a 
small  section  ruuning  frmn  Ko.  2  of  those  bcnings  to 
the  newest  point  on  the  outcrop  of  the  Clod  or 
Black  Shale  Coal.  Starting  from  the  outcrop  this 
Coal  is  first  thrown  down  by.  a  fault,  which  at  some 
distance  to  the  north  was  |»oved  to  have  a  throw 
of  70  yards,  and  I  assume  that  the  throw  is  the  same 
here.  The  section  then  crosses  two  other  faults, 
which,  f^m  the  effect  which  they  have  upon  the 
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Kew  Bed  Sandstone  beds,  I  calculate  each  to  have  a  A 
downthrow  to  tiie  south  of  about  120  yards.  From 
these  data  I  have  drawn  in  the  probable  position  pI»rTaM 
of  the  Clod  Coal,  and  as  the  section  runs  very  nearly  * 
along  the  average  level  line,  I  have  given  the  coal 
a  very  small  dip.  The  result  is  that  at  the  Clifton 
bore  hole  No.  2,  the  Blade  Shale  coal  would  be 
reached  at  abont  400  feet  after  they  entered  the 
Coal  measnrea ;  that  tl^ere  would  be  aboat  400  feet 
of  Coal  meamirea  faetwem  the  base  of  the  New  Red 
Saadstooe  and  tlie  Blaek  Sh^e  eoal.  Then  turning 
to  a  list  of  Oe  measmres  in  that  part  of  the  Dwby- 
shire  Coalfield,  I  found  that  at  381  feet  above  the 
Blaek  Shale  eoal  there  lies  the  Peep  Soft  coal  three 
feet  thick,  and  that  at  367  feet  above  the  BUck 
Shale  coal  there  lies  the  Deep  Hard  coal  three  feei 
six,  so  that  these  coals  ought  to  have  been  found  very 
soon  aflter  entering  the  Coal  measures.  Now  I  am 
sorry  to  say  that  owing  to  the  illness  of 'the  engineer 
I  have  net  yet  got  a  ^tailed  copy  of  those  borings, 
but  I  know  that  just  after  entering  the  Coal  measures 
they,  found  two  seams  of  about  a  yard  thick.  This 
agreement  of  the  results  of  calculations,  made  frau 
independent  data,  with  the  borings,  shews  that  the 
latter  have  been  very  carefully  made,  and  gives  me 
full  eonfldeoce  in  their  accuracy  j  and  there  is  good 
reason  to  believe  tiiat  these  three  ooala  will  be  wmrk- 
able  at  Clifton.  I  do  not  think,  however,  that  this 
will  at  all  afibct  iny  arguments  aboat  tiie  basin- 
shaped  lie  of  the  Coal  measures,  instead  of  the  basin 
being  an  unlm>ken  one,  it  will  be  a  basin  whose 
ouUine  is  notched  by  one  or  two  faults  at  the 
southern  side.  Its  area,  and  the  amount  of  work- 
able coal,  will  probably  be  laiger  than  if  tiiese  faults 
were  not  preset ;  but  the  acddental  occurrence  of  a 
few  faults  does  not  affect  arguments  based  on  a  con-  . 
sideration  of  the  structure  of  the  whole  field. 

774.  In  fact,  somewhere  or  other  betweep  Not- 
tingham and  Chtfruwood  Forest,  you  would  expect 
the  Millstone  Grit  to  come  in  with  a  northerly  dip  ? 
—Certainly. 

775.  Therefwe,  is  it  on  the  whole  your  opiuion 
that  tiie  Derbyshire  and  Yorkshire  Coalfield  most 
Ukdy  lies  in  a  true  barinnlh^ied  form  ?— That  is  my 
opinlim. 

776.  You  do  not  consider  it  proved? — ^I  do  not 
consider  it  proved,  because  I  know  that  others 
have  arrived  at  a  diffei'ent  Conclusion  from  evidence 
collected  further  to  the  north ;  but  I  am  now 
speaking  merely  of  the  view  which  I  should  take, 
looking  at  the  coalfield  itself. '  Looking  at  the  coal- 
field itself,  witiiout  going  further  to  the  north,  I 
should  certainly  have  advocated  that  view  very 
strongly. 

777.  Have  you  any  fhrther  remarks  to  make  to 
the  Committee  ? — I  have  nothing  more  to  say. 

778.  {Chairman).  1  think  that  this  map  which 
Hr.  Green  has  prodneed  gives  us  a  clear  .peroeption 
of  the  state  of  the  data  as  fiir  as  the  whole  field  is 
omcamed  with  regard  to  the  poasible  baain-i^ped 
tann  of  the  Coal  measures,  botii  that  part  which  is 
exposed  at  the  snrfae^  and  also  what  is  concealed 
under  the  Fermun  and  Secondary  rocks  on  the  east ; 
and  his  evidence  to  my  mind  conveys  the  idea  that 
the  Yorkshire  and  Derbyshire  Coalfield  may  be  a 
basin-shaped  mass.  It  is  in  fact  just  as  if  the 
southern  half  of  the  South  Wales  Coalfield  were 
covered  with  Pennian  and  Secondary  rocks,  the 
remaining  half  cropping  up  on  the  nortiiern  side. 


The  witness  withdrew. 


J.  Ci^OH  Wabd,  Esquire,  (Clapham  Common,)  examined. 


779.  (Chairman.)  Will  you  explain  what  you 
know  of  the  country  lying  north  of  the  Yorkshire 
coalfield,  and  its  probable  relation  to  the  opinions 
which  have  been  given  as  to  whether  or  not  it  ia  a 
baein,  or  Aether  the  coalfield  may  extend  further  to 
the  north  in  the  country  east  of  the  Milesian 
1848S..    Vol.  U.  8 


Lunestone,  which  east  of  Leeds  runs  up  towards  the 
Durham  coalfield?— My  colleague,  Mr.  Green,  haa 
already  shown  you  how  the  evidence  of  the  strike 
of  the  coal  crops  in  the  north-eastern  comer  of  the 
Yorkshire  coalfield  seems  strongly  to  point  to  its 
more  or  less  basin  form.   Howerer,  to  the  narp^  * 
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'  of  Leeds  the  Sandstones  of  the  lower  Cori  meaaures 
hare  a  very  well  marked  uoi"th-east  and.  south-west 

 .        flfaike,  whitSi  prCTaiis  for  some  five  or  sit  miles. 

9  F«b.  1869.'  This  is  cat  off  iyy  '«»  east  and  west,  iavh  bounding 

-  the  coalfield  'north  of  Leeds,  io  that  foi*  some  three 
mileB  west  of  Idj^neeian  LimestoDC  escarpment 
the  hnrer  Coal  meaturM  are  almosl.  coirfplet^y 
thrown  otrt,  an4  t^e  M illstfme  G!rit;  seriea  is  broaglU 
directly  againM  the  lower  part  of  the  middle  Coal 
measures,'  mnking  a  throw  of  between  200  and  -  300 
yards  in  seme  places^  Were  it  not  for  this  east  and 
west  fault,  these  Haadstones,  craomust  suppose,  wouM 
have  continued  more  or  less  their  north-easteriy 
strike,  and  the  nortliern  edge  of  the  coalfield,,  instead 
of-  being  but  two  miles  nortlr  of  Leeds,  would  pro-, 
bably  have  stood  out  to  the  north  rei-y  nearly  as 
far  as  the  valley  of  the  River  Wharfe,  A&  shown  by 
tWfl  dotted  line:    The  question  now  onnes  whether  . 

-  the  various  subdivisions  of  the  Millstone  Grit  at-  all 
bear  oat  this  view  of  a  continued  north-easterly  and 
south-wtiiMerly  strike.  Taking  them  in  regular  order ; 
between  the  east  and  west  fault,  and  the  River 
Wharfe,  the  Millstone  Qiit  beds  dip  for  the  most  part 
to  the  mnth.  Having  brosRed  the  Wharfe  River, 
these  - same'  beds,  denoted  oa  my  rough  map  by 
coloured  chalk  lines,  are,  going  northwarcb,  ahrays 
easily  distinguishable  the  one  fhrni  the  other,  tiiis 
upper  cue  being  a  well  marked  Red  Grit,  the  second 
a  hard  Sandstone,  containing  brachiopodous  sheUs; 
and  the  bed  denoted  by  this  blue  line  being  a  very 
hard  close  grained  Sandstone  which  Professor  Phillips, 
in  his  "Notes  on  the  Geology  of  Harrogate,"  has 
called  the  Follifoot  Coal-grit.  From  the  River 
Wharfe,  directly  west  of  the  Magnesian  Limestone 
escarpment,  to  Knuresborough,  a  distance  of  some 
six  miles,  the  upper  members  of  the  Third  Grit  series 
hare  an  almost  directly  north  and  south  strike.  The 
lower  members  of  the  Third  Grit,  and  the  Kinder 
Grit  which  underlies  them,  have  also  a  taore  or  leas 
north  and  south,  or,  more  properly  speaking,  a  noi'th- 
east  and  south-west  strike,  this  strike  being  con- 
tinuous in.one  straight  line  f<nr  a  distance  at  least 
five  miles.  In  this  same  direction,  north-easC  and 
south-west,  there  runs  through  Hairogate  the  axis 
of  an  anticlinal;  and  at  Harrogate  a  small  patch  of 
the  Yoredale  seriea  is  exposed.  On  the  north-west 
fflde  of  this  anticlinal  axis  the  Kinder  Grit  tuid  the 
lowermost  beds  of  the  Third  Grit  are  again  seen-, 
now;  dipping  to  the  north-west.  These  are  once 
more  thrown  up  by  an  east  and  west  fault,  which 
ranges  a  little  north  of  Hairogate,  and  the  various 
beds  dipping' north  are  rei7  well  seen  along  the  line 
of  hills  from  Harrogate  End  to  Saltergate.  This 
dip  continues  as  far  north  as  the  River  Nidd.  Here 
the  BUne  beds  are  repeated  by  another  east  and  west 
fault.  Further  up  ibe  Nidd,  upon  its  south  side, 
the  dip  of  the  rocks  is  atso  to  the  north,  and  rather 
steep  ;  while  atill  h^her  up  the  river  beyond  where 
it  takes  a'sharp  bend,  and  very  near  Pateley  Bridge, 
the  same  rocks  appear,  forming  a  very  magnificent 
ridge  called  the  Brimham  Crags,  having  a  north  and 
south  strike,  probably  changing  further  north  to 'one 
more  nearly  north-west  and  south-east.  It  would 
seem  then  tiiat  on  the  whole  the  evidence,  as  far  as 
my  experience  goes  in  this  district,  showx  that  the 
general  dip  of  the  Millstone'Grit  beds  h  not  south, 
but  east  or  north,  or  somethilig  l>etween  them.  Nor 
is  there,  as  i^i*  as  I  have  seen  at  present,  anything 
like  -a  great  axis  of  the  older  Llmest6ne  rocks  coming 
across  through  the  Millstone  Grit  series,  and  abutting 
against  the  Magnewan  Limestone.  One  would  rather 
expect,  if  the  strike  of  the  coalfields  either  continued 
farther  to  the  east  or^  went  round,  m  a  more  or  less 
basin-ishaped  form,  to  'flhd  that  the  general  dip  of 
,the.  Millstone  Grit  rpcks  wquld  be  south,  with  an 
oocas^oual  dip  north  where  there  were  slight  rolls  in 
the  beds  ;  and  also,,  one  would  stUl  m^re  expect  to 
find  one  or  several  AXfi»  of  the  older  Limg^pe  rocks 
running  eastwards,  and  striking  up  against  the  escarp- 

>  ,  m^t  <^  the  nnconfonnable  Mitfnaajian  limestone  and 
'  New  RbiL  Towards  tfie  nortaern  part  of  the  area 


between  the  Yorkshire  and  the  Durham  ooalfiddH, 
these  older  rocks  occor  more  than  in  the  aouthem 
part ;  but,  as  far  as  I  have  seen  in  the  ge<^«^ical  maps 
of'this  part  of  the  country,  I  brieve  that  there  h  no 
great  axis  of  either  Yoredale  limestone  or  Carbmii- 
fi^uB  Limestone  stretching  straight  away  up  to  the 
edge  of  the  uiiomfehinaUe  beds.    These  patches  and 
tongues  of  the  Ywedale  snies  come  much  closer  to 
the  •  uneonformable  beds  to  tbe  north  ^tai  to  the 
south,  and  perhaps  the  reasra  of  thhi  may  be  that 
the  Durham  coalfield  continues  its  easterly  strike 
farther  than   the   Yorkshire  coalfield.     There  is 
another  point  to  which  I  should  like  to  draw  atten- 
tion for  a  few  ntomente.    I  have  here  a  sitaall  geo- 
logical map  of  the  Yorkahire  co^eid  on  which  I 
have  put  all  the  principal  l^nlts.    The  coalfield  is 
wrapped  alwut  on  the  north,  west^  and  south  by  the 
various  members  of  the  Millstone  Grit,  and  is  bounded 
on  the  east'by  the  Magnesian  limestone.   The  general 
strike  of  the  coalfield,  north-west  'and  sonth-east,  is 
the  same  as  the  general  direction  of  the  mun  fkults. 
Where,  however,  transverse  bands  of  fikults  are  met 
with  tfais'strike  is  suddenly  changed.   Thus  tfaroog^ 
Rotherham  and  Sheffield  there  Is  »  great  band  of 
fiuiltB  ruuntng'  in  a  dorth-eaat  and  sonih-west  direc- 
tnm  i  and  for  a  distance  of  IS  mites  along  this  line 
the  strike  of  the  eoal  crops  is  suddenly  changed  frtan 
north-itrest  and  south-east  to'  north-east  and  south- 
west, the  middle  Coal  measures  resuming  their  old 
strike  farther  to  the  south-west  after  they  have 
recovered  from  the  effects  of  this  cross  bond  of  ibnltH. 
Following  up  the  coalfield  northwards  another  trans- 
verse band  of  faults  is  met  with  just  north  of  Hud- 
dersfield,  and  here  again  for  four  or  five  miles  the 
strike  of  the  coal  crops  and  Sandstone  beds  of  the 
lower  measures  is  suddenly  changed  from  sou^-easfe 
and  UOTth-west  to  east  and  west.    If  the  northMm 
edge  of  the  coalfield  be  looked  at,  it  will  be  seen  that 
the  principal  direction  of  the  main  flhultB  aloiig  tiiat 
northern  edge  H  east  and  west,  that  lliere  sri  hut 
few  faults  running  in  a  north-winterly  and  south- 
easterly direction,  but  that  in  the  neighbourhood  of 
I^ds  there  is  a  band  of  large  fanlts  running  north- 
east and  wuth-west,  almost  precisely  in  the  direction 
of  the  Harrogatf!  anticlinal.     And  here  I  would 
observe  that  very  probably  the  continuation  of  tiie 
Clitheroo  and  Skipton  anticlinal  would  intersect  the 
River  Nldd  somewhere  near  its  bend  below  Pateley 
Bridge,  so  that  it  would  appear  that  very  possibly 
the  direction  of  that  anticlinal  at  its  northern  pan 
beyond  Skipton,  and  of  the  Harrogate  anticlinal,  and 
of  the  great  band  of  &ults  near  I«eds,  is  all  the 
same.   It  se^ms  to  me  then  that  there  is  not  tintikely 
some  conne:rion,  and  probably  a  very  stnmg  con- 
nexion, between  the  strike  of  the  beds  genonUy  And 
the  direction  of  the  principal  fiiults ;  and  if  ihtm  Ta 
any  trufh  in  this  statement,  tme  might  infor  from  the 
band  of  north-east  and  south-weet  faults  at  Letds, 
and  from  the  direction  of  the  Harrbgate  mitlclinal 
and  other  principal  disturbances  in  that  neighbour- 
hood,'that- the  continuation  of  the  Yorkshire  ooillfleld 
dionld  also  be  in  a  north-easterly  direction.    In  Bke 
flianner,  if  the  direction  of  the  main  fanlt6 '  in'  the 
southern  part  of  (he  Durham  coalfield  be  genendy 
bast  and  West  or  north-west  and  ^uth-^t,  dien 
one  perhaps,  might  also  idfor  that  the  continui^ton  of 
its  strike  beneath  the  unconformable  beds  eastwards 
would  also  be  in  an  east  ahd  west  or  north-west  and 
south-east  directioil,  thus  meeting  with  th6  Aoi^nued 
north-easterly  strike  of  the  Yorkshire  field.    I  will 
just  observe,  that  suppcslng  the  dip  of  the  ui^nnost 
beds  of  the  Third  Gh^it  hnmedtately  west  of  the  M^- 
nesiim  Limestone  escarpment,  and  between  the  River 
Wharfo  and  Knaresbbrohgh,  be  at  all  constant  (the 
averse  dip  is  at  least  5  degrees),  then,  taking  an 
angle  of'  only  2^      3  degrees,  at  the  ci^  of  Yoik, 
ibhei-e  would  be  a  very  great  thickness  of  Coal  me*- 
pures  beneath  l^e  unconformable  New  Red  and 
Permian.    This  section  illustrates  the  point.    It  is 
taken  along  this '  lin^  beginning  Just  west  of  the 
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south  of  York.  It  will  be  there  seen  that  seven 
miles  from  the  edge  of  the  Limestone  escarpment,  in 
an  easterly  direction,  (supposing  the  dip  to  remain 
constant,)  at  a  depth  of  216  yards  the  Black  Bed 
coal,  directly  over'  which  the  Low-Mow  IroDstone 
occurs,  would  be  met  with.  At  nine  mileR  from  the 
edge  of  Hxe  Limestone,  at  a  depth  of  350  yards, 
the  Beestone  coal  would  be  found.  This  coal  in  the 
neighbourhood  of  Leeds  very  often  has  a  thick- 
ness of  six  feet ;  and  at  10  miles  from  the  edge 
of  the  Limestone  escarpment,  and  about  four  west 
of  York,  there  would  be  somewhere  about  400 
yards  to  pierce  through  to  the  Middleton  Main 
seam,  which  is  also  a  thick  coal,  avei-agiog  five 
feet.  There  is  another  thing  to  which  I  should 
like  to  allude.  Professor  Fbillips  in  his  evidence 
this  momiDg  stated  that  a  bore-hole  had  been  made 
at  Reedness,  which  had  only  been  sunk  through  the 
marls  of  the  New  Hed  series.  I  have  a  complete 
section  of  a  bore^hole  made  at  this  place.  They  sank 
through  something  less  than  300  .feet  of  the  New 
Bed  marls,  and  then  through  nearly  700  feet  of  Bed 
Sandstone,  leaving  off  at  a  depth  of,  I  think,  1029 
taei,  inclnding  some  70  feet  of  warp  at  the  top. 
'Frtm  a  great  number  of  sections  which,  in  conjunc- 
tion .with  Mr.  Dakyns,  I  have  collected  in  the  neigh- 
bourhood of  York,  I  should  estimate  that  the  greatest 
thickness  of  the  Maguesian  Limestone  series  in  that 
neighbourhood  is  300  feet,  and  that  the  thickness  of 
the  New  Bed  series  is  some. 1300  feet,  900  of  which 
is  the  Bnnter  Sandstone.  I  obtained  a  section  of  o 
bore-hole  at  York  which  passed  through  very  nearly 
600  feet  of  Bed  Sandstone.  Here  tiiey  wonld,  pro- 
bably, have  only  to  go  through  some  800  feet  Bed 
Sanastoue  and  300  feet  of  Magnesisn  Limestone 
before  they  might  expect  to  come,  sMPposing  the 
stride  of  the  coalfield  turned  in  a  north-easterly 
direction,  upon  the  underlying  Coal  measures.  I 
think  tliat  this  is  all  I  have  to  say  upon  the  subject 

780.  {Mr.  IHckenunt.)  Will  you  fix  the  poBititfn 
of  tiie  bore-hole  to  which  Pi'ofessor  Phillips  referred  ? 
— It  is  at  a  little  place  called  Beedness.  There  was 
another  bore -hole  at  Saltmarsh,  opposite,  but  that 
was  not  so  deep  as  the  Beedness  hole,  passing  only 
through  eOl  feet  of  marls  and  60  feet  of  Bed  Sand-' 
stone. 

781.  {Chairman,)  Have  you  considered  the  ques- 
tion as  to  the  relative  dates  of  the  faults,  namely, 
those  which  mu  from  south-east  to  north-west,  and 
those  which  run  from  south-west  to-  north-east,  and 
cast  and  west  ? — Since  I  have  observed  that  the 
cross  faults,  those  running  from  north-east  to  south- 
west, or  frcon  ee»t  to  west,  alter  the  general  direction 
of  the  strike  of  the  various  beds  of  coal,  thus  giving 
rise  te  exceptimal  strikes,  it  seems  to  me  very  pro- 
bable that  the 'east  and  west  and  th6  north-east  and 
sonth^west  faults  in  this  coalfield  have  been  produced 
generally  since  the  north-west  and  south-east  series. 

782.  You  have  remarked  that  the  uorth-we^t  and 
south-east  faults  run  in  the  some  .direction  as  the 
general  strike  of  the  strata  ? — Yes. 

783.  Do  you  connect  that  in  anyway  with  those 
physical  forces  which  induced. this  general  sti'ike  of 
the  strata  ;  is  the  qne  dependent  upon  the  other  ?— It 
seems  to  me  tliat  in  the  case,  for  instance  of  the 
separation  of  the  Yorkshire  and  Lancashire  coalfields, 
the  general  direction  of  the  faults  along  die  western 
edge  of  the  Yorkshire  coalfield  is  similar  to  that  of 
the  Pennine  Chain  itself. 

784.  Axtd  connected  with  the  fact  of  the  anti- 
clinal ? — Ye8,''very  probably,  I  shonld  think. 

785.  Then  the  upheaval  of  this  qotielinal  is  con- 
nected not  only  witJi  the  dip  of  the  Coal  measures  to 
the  east,  but  also,  I  presume,  with  the  .dip  of  tine' 
Magnesian  Limestone,  and  the  overlying  rooks  fur- 
ther to  the  east  ? — Yes. 

786.  There  is  a  aeries  of  rocks  beneath  fjie  Coal 
measures  wfaidt  lie  between  the  Yoikshire  aqd  I>ur- 


ham  coalfields.  These,  in  the  opinion  of  Mr.  Hull, 
were  thrown  into  an  anticlinal  curve,  having  an  east 
and  west  axis,  at  an  earlier  period  than  the  north 
and  south  anticlinal  that  separates  the  Yorkshire  and 
Lauoaslure.ooalfieldB ;  and,  coi^ointly  urith  the  east 
and  west,  .disturbance,  the  Durlum  and  Yorkshire 
coalfields  were  separated  by  denudation  before  tibe 

'deposition  'of  the  Magnesian  Limestone? — Yes.  If 
the  di{»  for  the  distance  uorth  of  the  Yorkshire 

'  coalfield  which  I  Have  befine  described  were  gene- 
rally to  the  south,  it  would  then  seem  probable  that 
they  were  produced  by  the  old  east  and  west  anti- 
clinal I  hat  you  motion  ;  but  being  for  the  most  part 
to  the  e^st,  north-east,  or  north,  I  cannot  see  how 
they  could  be  caused  by  it.  It  seems  to  me,  perhaps 
rather  the  case  that  the  old  east  and  T^rest  distur- 
bance, so  marked  further  to  tlie  west,  decreased  i^ 
strength  eastwards,  producing  but  a  partial  separa- 
tion of  the  two  coalfields.  The  principal  faults  near 
Leeds  (with  the  exception  of  the  large  east  and  west 
one  north  of  it)  a^e  In  a  northieast  and  south-west 
direction ;  and,  as  far  as  I  have  at  present  seen,  going 
northwards  in  the  Millstone  Grit  from  the  edge  m 
the  Torkdiire  coalfield,  I  have  not  met  with  a 
single  instance  of  any  east  and  west  anticlimd,  -bAt 
all  which  I  have  seen  at  present  are  more  or  less  in 
this  north-east  and  south-west  direction.  What  there 
may  be  further  north  1  do  not  know  anything  about. 
There  is  certainly  a  slight  east  and  west  anticlinal 
just  across  the  valley  of  the  Eiver  Wharfe,  a  few 
miles' west  of  Collingham  ;  but  it  is  very  slight,  and 
can  scarcely  be  considered  as  such  ;  and  it  has  often 
stmck  me  in  this  neighbourhood,  that,  very  probably, 
if  the  Bivev  Wharfe  had  not  cut  out  its  present 
valley,  the  general  strike  <^  the  JUiUetone. Grit  (beds 
would  not  have  gone  down  the  river  and  back  again, 
but  straight  across  in  a  more  or  a  less  north-easterly 
and  jsoum-westerly  direction,  corresponding  with  the 
direction  Which  the  Coal  measures  would  most  pro- 
bably have  assumed  had  they  not  been  thrown  out 
bf  this  east  Mid  west  fault. 

787.  You  are  inclined  to  suppose  that  the  two 
coalfields  may  join  ? — I  am  inclined  to  think  it  is 
just  possible  they  may  ;  but  until  I  entered  the 
Millstone  Orit  country  north  of  Leeds,  I  Certainly 
believed  that  the  moat  simple  view  was,  as  has  been 
suggested,  that  the  east  and  west  strike  near  Leeds 
showed  a  preparation  for  their  turning  round  in  a 
basin-shaped  form:  But  since  I  have  examined  some 
of  the  lower  rocks  I  have  beenr  led  to  think  that 
possibly  a  joining-up  of  the  two  coalfields  may  take 
place  beneath  the  unconformable  measure^  and  that 
it  is  just  possible  that  the  partial  separation  of  ^he 
two  coalfields  m  this  way  may  be  connected  with  tlie 
me^g  t(^ether  <jf  two  series  of  feults  and  distur- 
bances, one  in  a  north-easterly  uid  Booth-westerly 
direction,  and  another  aeries  farther  north,  following 
more  or  less  an  east  aud  west  direction. 

788.  You  mean  faults  concealed  by  the  secondary 
rock?,  and  affecting  the  coal  measures  ? — Yes  ;  and 
possibly  causing  the  union  of  the  two  fields  beneath 
the  unconformable  Permian  and  New  Bed.- 

789.  Does  not  it  appear  to  be  more  likely  thst'tbe 
main  cause  of  the  distribution  of  the  coalfields  is  the 
great  anticlinal  curves  accompanied  by  d^udatiou, 
and  that  faults,  the  very  lai^est  of  them,  merely 
produce  accide|ital  disturbances  for  comparatively 
short  distances  ? — Ought  we  not  to  find  the  direction 
of  the  anticUnals  and  the  direction  of  the  principal 
faults  to  be  the  same?  It  is  certainly  so  in  the 
case  of  the  country  between  the  Yorkshire  and  the 
.Lancadure  coalfields,  where^  if  the  prinoipa]  direc- 
tion of  the  faults  along  the  western  edge  of  the 
ToricBhire  ooalfietd  ia  north-west  and  soath-eas^  that 
direction  also  agrees  with  the  direction  of  the  anti* 
cUnal  separating  those  two  coalfields. 

790.  Have  yon  anything  to  add  to  what  you  have 
already  stated  No. 
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9  Feb.  1869. 
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J).— 16th  Meeting  June  Vlth,  1869. 

Pbesent     1.  Sib  Bodebick  I.  Mubchison,  (ju  the  cliaii') ; 

2.  Fbofesseb  Ramsat  ;  3.  Mb.  Fbestwich  ;  4.  Mb  VrriAir ;  5.  Mr.  Dickinson  ;  C.  Mb.  Geddes 

7.  Mb.  Clabk  ;  d.  Mb.  Hitnt. 

1.  The  Se<a«tarj  produced  the  file  and  a  copy  of  the  evidence,  &a,  as  circulated  5th  June. 

3.  The  minutes  of  lost  meeting  were  read. 

4.  The  following  is  the  circular  lefcler  on  which  this  meeting  was  called : 

2068  to  2084,  D..  June  14, 1869. 

"  Sir, 

"  After  the  meeting  of  B,  on  Thursday  17thj  at  4  p.m„  Committee  D  will  hold  a  meeting 
here  to  arru^  about  drarang  their  report. 

"  I  am  kct 

J.  F.  CAHPBEbL,  Secretary.** 

5.  With  reference  to  minute  8,  Professor  Ramsay  stated  that  the  sections  referred  to  were  ad- 
vuidng  rapidly. 

6.  Witii  reference  to  minute  4,  Professor  Aamsay  produced  the  map  prepared  by  Mr.  Godwin 
Austen. 

Sir  B.  Murchisoii,  quite  approving  of  the  publication  of  the  map,  suggested  that  the  term  "  pro- 
'*  Uible  trough  of  coal  measures  along  this  line/'  as  proposed  to  be  engraved  on  the  map,  should  be 
altered  to  "probable  existence  of  carboniferous  rocks  along  this  Hue.*' 

With  this  note  by  the  Chairman,  it  was  decided  to  publish  the  map  with  the  evidence  of 
Mr.  Godwin  Austen. 

7.  It  was  thou^t  exceedingly  desirable  to  publish  a  general  geological  map  with  the  report  of 

Committee  X>. 

After  a  long  conversation  relative  to  cost,  scale,  and  other  details,  it  was  decided  that  Professor 
Bamsay  and  Mr.  Prestwich  be  requested  to  con^der  what  kind  of  geological  map  ought  to  be 
puldished,  and  that  the  Secretary  be  directed  to  submit  an  estimate  of  the  cost  to  the  Home  Office. 
The  Snb-Committee  .was  empowered  to  settle  the  matter  witb  tiie  office  of  the  Secretaxy  of  State  for 
the  Home  Department,  obtain  Treasury  sanction,  and  proceed  with  the  work.  The  Sub-Committee 
will  meet  on  Monday  at  tiie  Geological  Museum  at  3  p.oi. 

8.  Fn&tBQT  Bamsay  was  invited  to  draft  the  report  as  it  relates  to  the  northern  distoicts  of 
£ngland. 

Mr.  Prestwich  was  invited  to  draft  a  report  as  it  relates  to  the  southern  districts  of  Engltmd. 

Sir  Roderick  Murchison  will  prepare  bis  own  general  report  of  the  Committee  of  which  he  is 
chairman,  and  a  special  report  as  rebates  to  Scotland. 

9.  No  special  provision  was  made  for  reporting  on  Ireland.  But  since  the  meeting  the  Director 
General  of  the  Geol(^eal  Survey  (Sir  B.  Murchison)  has  informed  the  Secretary  that  he  will 
request  Mr.  K  Hull  to  prepare  the  Irish  report. 

10.  The  Committee  then  acyoumed,  with  the  understanding  that  the  Secretary  will  be  directed  to 
siftomon  a  meeting  when  the  cuaft  report  has  sufficiently  advanced  for  final  approval ;  or  sooner  if 
any  unforeseen  matter  ahoold  render  a  meeUng  necessary. 

Bodebxck  I.  MuBCHisoN,  ChairmaD. 

June  28, 1869.  The  Secretary's  draft  minutea  were  signed  by  the  Ohmrmam,  on  ihe  23rtZ  Jwn« 
{in  type)i  hut  they  were  evhsequently  altered  by  the  Chairman's  desire,  and  after  some  correspon- 
dence^ hkween  the  Secretary  and  the  Chairman,  Ike  Seei^etary  woe  desired  to  re-alter  the  minutea 
to  their  present  shape.    They  will  be  read  at  the  next  meeting,  as  is  usual  with  minutes. 

June  21, 1869,  As  to  minute  7,  the  Sub-Committee  met  and  i^eed  upon  the  information 
which  they  wish  to  show  on  the  map.  After  some  conversation  they  adjourned  till  Thursday,  at  1 1 ; 
Mr.  Stanford  to  be  present  with  geological  maps  of  England,  Scotland,  and  Ireland,  and  to  bring 
an  estimate  of  the  cost  of  publishing  Professor  Bamsay's  map  with  the  necessaty  alterations. 

.  .  J.  Pbkbtwich. 


Maps  Com- 
mittee. 


June  23n{,  1869.  ^ 

The  Snb-Committee  on  nu^  met  at  the  Geological  Moseum  in  Jennyn  Street  at  11. 

Fbe8xmt:»1.  Fbofbssob  Baxsat  ;  S.  Mb.  Pbestwich. 
Mb  'Rmrtj  Mb.  Stanfobd,  and  Mb.  Bone,  were  also  present. 

1.  Mr.  Stanford,  of  Charing  Cross,  produced  a  map  of  the  British  Isles  in  nine  sheets,  on  the 
scale  of  eight  miles  to  the  indi,  which  was  pronounced  to  be  too  large  and  expensive.  3,000  copies 
would  cost  600£.  exclusive  of  the  manuscript,  (say  65M.) 

2.  Mr.  Stanford  produced  a  fomvaheet  map  of  tlie  British  Isles,  now  engraving,  on  the  scale  of 
IS  aulM  (0  the  iac£,  ^riiich  will  cost  for  1,000  coiow  400Z.  exdoaiTe  of  the  manuscript  , 
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3.  He  also  produced  separate  maps  of  England,  Scotland,  and  Ireland  on  a  simUaf  seale,  of  12  jfinutos. 
miles  to  the  inch,  to  cost  3502.  for  1,000  copies  of  eacb>  without  the  manuscript 

4.  Also  a  one^heet  map  of  the  British  IsieSi  25  miles  to  the  inch  (30  inches  by  22),  to  cost 
1 252.  per  thousand  without  the  manuscript. 

5.  The  cost  of  the  preparation  of  the  manusoripts  of  one,  two,  and  three,  would  not  exceed  501. 
in  each  cue.  The  preparation  of  the  manuscript  of  number  four  wooild  not  cost  more  than  five 
pounds. 

6.  Omitting  the  northem.part  of  Scotland,  number  three,  three  separate  maps  would  cost  3002., 
and  number  two  would  cost  325^,  exclusive  of  the  manuscript  in  botn  cases. 

7.  Mr.  Robert  Hunt,  with  reference  to  the  work  of  Committee  E,  suggested  that  the  map  on 
which  the  work  of  Committee  D  is  to  be  shown  might  be  made  to  comprehend  the  work  of  Com- 
mittee £!,  and  so  effect  a  considerable  saving. 

It  should  include  full  statements  of  the  quantities  of  coal  carried  by  the  railways  and  canals 
from  the  respective  coal  fields,  the  quantities  sent  eoastways,  and  the  quantity  exported  to  foreign 
parts. 

Thus  one  map  might  be  made  to  supply  the  place  of  two  or  thi'ee  maps. 

This  would  effect  a  saving  of  great  part  of  the  cost  of  a  sepai-ate  map,  and  would  greatly  increase  ' 
the  value  of  the  general  map. 

8.  It  was  decided  as  follows  :  the  Secretary  shall  write  to  the  Home  Ofiice.  and  ask  for  sanction  - 
for  the  publication  of  number  two,  the  four-sheet  map  of  the  British  Isles,  on  the  scale  of  1 2  miles 
to  the  inch,  five  feet  by  four,  to  cost  400^  exclusive  of  the  manuscript,  which  will  cost  less  than 
oOZ.  (say  4502.) 

9.  The  Secretary  was  also  directed  to  ask  formal  sanction  to  the  publication  of  Mr.  Godwin- 
Austen's  map,  which  will  cost  about  652.  per  1,000.    (See  Minute  6,  D,  June  17,  1869.) 

After  the  meeting  Professor  Eamsay  and  the  Secretary  had  an  interview  with  Mr.  Bruce  at  the 
Home  Office.  Professor  Ramsay  explained  the  map,  and  the  wishes  of  the  Sub-Committee.  Tlie 
Secretary  was  {llrected  to  write  officially,  and  the  matter  will  receive  immediate  attention. 

On  the  24tli  the  Secretary  wrote  to  the  Secretary  of  State  for  the  Home  Department  a  letter,  of 
which  the  rough  draft  was  previously  approved  by  Professor  Ramsay.  It  was  afbem'ards  Bent  to 
Mr.  Prestwich  for  his  approval. 

The  following  is  a  copy  of  the  correspondence  which  ensued. 

Sir,  June  26th,  1869. 

I  AM  directed  by  Committee  D  of  the  Coal  Commission  to  forward  the  enclosed  printed 
minutes,  and  to  request  that  yon  will  move  the  Lords  Commissioners  d  Her  Majesty's  Treasuiy 
to  sanction  the  publication  of  the  two  maps  therein  described.  On  the  25th  January  1867, 
Committee  D  estimated  their  probable  expenditure  at  2002.  (p.  13).  which  estimate  was  approved 
by  their  Lordships  on  the  12th  March  1867  (General  Minutes  p.  23),  together  with  the  other 
estimates  of  Uie  Coal  Commission,  which  amount  roughly  to  20,0002.  Hithwto  Committee  D  have 
spent  nothing,  unless  a  portion  of  the  expenses  of  members  and  of  a  few  witnesses  who  have 
attended  meetings,  and  a  small  sum  paid  for  making  a  geological  section,  can  be  assigned  to  this 
branch  of  the  general  inquiry.  In  any  case  the  estimate  has  not  been  exceeded,  and  thii;  Committee 
is  preparing  its  report  On  the  3d  of  March  1869,  after  some  correspondence,  of  which  printed 
copies  are  at  l^e  Home  Office  (p.  76  to  7S  D),  their  Lordships  sanctioned  the  publication  oT 
important  geological  sections  made  specify  ibr  the  Coal  Commission  at  an  estimated  <t)st  of  say 
4502.  per  1000  copies  of  the  published  book.  These  sections  are  intended  to  shew  the  probability 
of  finding  coal  at  certain  depths  under  newer  strata  in  certain  districts.  Without  these  illustrations 
the  gratuitous  labour  and  great  research  of  the  Commissioners  would,  in  their  opinion,  be  in- 
comprehensible to  readers  of  their  report  and  of  the  evidence  on  which  it  will  be  founded.  One  of  the 
maps  for  which  stmction  is  now  asked  will  iurtber  illustrate  the  geology  of  regions  in  which  known 
coal  fields  exist ;  in  which  coal  is  supposed  to  exist ;  and  in  which  it  is  vain  to  sedc  for  coal.  It 
wiU  shew  tiie  lines  of  sections,  and  give  the  names  of  places  mentioned  in  evidence,  many  of  which 
are  not  given  on  ordinary  maps  ;  it  will  serve  as  an  index  to  the  Ordnance  survey  and  geological 
maps ;  and  further  it  is  proposed  to  show  on  the  same  map  statist!^  and  other  information  which 
other  brfuiches  of  the  CVimmission  may  wish  to  publish  in  this  form.  The  cost  of  publication  is 
estimated  at  say  4502.  per  1000  copies. 

This  map,  whidi  from  its  luge  mze  cannot  well  be  folded  in  a  blue  book,  may  possibly  be  made 
to  cover  its  cost  by  making  judidous  arrangements  as  to  sale. 

Persons  interested  in  the  discovery  of  coal  may  wish  to  have  the  map  for  reference ;  persons 
concerned  in  the  coal  trade  will  be  apt  to  buy  it  for  its  statistics  alone ;  men  of  science  may  purchase 
it ;  those  who  buy  the  blue  book,  with  its  16  reports,  evidence,  diagrams,  and  geobgieed  sections, 
will  have  a  strong  inducement  to  buy  the  map  also  if  it  is  published  separately.  These  ar6  matters 
for  consideration  by  the  departments  which  manage  stationery  and  the  printing  and  sale  of  papers. 
I  am  directed  to  call  attention  to  this  method  of  securing  economy  or  profit,  and  to  request  that 
their  Lordships  may  be  moved  to  sanction  the  cost  of  producing  a  valuable  and  saleable  article 
from  matetiais  and  labour  given  gratuitously  to  the  public  by  members  of  the  doal  Commiasioa 
'who  serve  on  Committees  D  and  and  by  their  numerous  witnesses.  The  smaller  map,  wfaidi  is 
to  oosl  say  652.,  iUostrates  and  exj^ns  the  evidence  of  Mr.  Godwin-Austin,  and  bean  upon  a- 
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J)  gg  difficult  problem  on  which,  muofa  depends.  Aceordmg  tQ  some  geologists  it  is  possible  or  probable 
that  a  coal  basin  or- basins  may  exist  uader  the  valley  of  the  l^atneB  .;  accordijsg  toi  othefs  it  is 
improbable.  But  acme  even  of  these  hold  that  borings  ou^ht  to'  be  made  at  the  public  cost  to 
settle  the  question.  The  publication  of  this  map,  which'  gives  the')Aathor*8  reasoned  for  auppomng 
that  coal  does  exist  in  this  region,  may  induce  persons  interested  to  buy  the  book,  aid  poaea^ 
to  ascertain  the  tr^h  for  themselves.  '  The  cost>  of  publication  is  insigiuficaQt  vhen  coi^aatod  with 
the  cost  of  boring,  and  witii  the  enormous  interests  involved  in  this  geolAfflo^  :probl^,irbid&.  ih» 
Commissiouers  have  considered,  and  on  which  they  have  taken  evidence,  of  which  this  map  ifi  -m^ 
important  part-  I  am  ziQt  awam  i^t  any  other .iinpQrts^4,or  uniiai;^  e3EpeAd^^ 
under  the  head  of  maps,  unless  it  be  the  cost  of  publishing  a  map  and  sections,  of  Somieriietduze 
and  part  of  Gloucestershire  to  accompany  the  report  of       Frestwich  on  that  district. 

I  have  therefore  now  to  request  that  you  will  move  iheir  Lordships  to 'sanction  the  ezpenditnn 
proposed  for  the  reasons  given  above. 

'       '      '  J.  1*1  fclAMPBfeLi^  Secretary.  , 

My  Deae  Campbell, 

I  think  it  a  vary  good  letter..  25th  June  1869. 

Look  down  the  margin  and  you  will  see  .  two  slight  suggestions,  but  don^t  use  ifaiein unless 
you  like.  r 

Yourff  truly,  ' 

-AiG.  a.  ■ 

Uark  Lone; 

Mt  Dear  Mb.  Campbeix,  '  '  29th  June  1869.  ' 

I  c^uite  a]pprove  of  the  manner  in  which  you  have  put  the  case.    I  mi^t  have  added'ik  tUb 
last  page,  in  addition  to  the  maps  and  s^ections  of  my  Somerset  reporf^  a  feW  Sections  for' 
on  the  South  of  England,  but  it  is  a  matter  'of  no  consequence. 

I  am  tody  yours, 

J.  P'restwiCh. 

Sib,  .      .  Whitehall,  8th  Juijr  186?^ 

I  am  directed  by  Mr.  Secretary  Bruce  to  acknowledge  the  receipt  of  your  letter  of  2fith 
ultimo,  applying,  by  direction  of  the  Coal  Commissioners,  fpr  the  sanction  of  the  pubHcation  of 
certain  maps ;  and  I  am  to  request  that  you  will  repoit  to  Mr.  Bruce,  for  th&  information  of  the 
Lords  Commissioners  of  die  Treasury,  how  many  copies  of  ^h  map  ar6  required. 

'  "  "      I  am,  &d,  ' 

The  Secretary  to  the  Coal  Commission,  A.  F.  O.  Liddell. 

tec  Ssc  Ssc 

Bpom  G,  "Bfivm  of  Lords, 
Sib,  ;     .    .  ,    ,  9th^ulylSfi9. 

Publication  In  reply  to  your  letter  of  the  Sth  instant,  I  learn  at  the  Statioiiciy  Qf&ce  tjbtt  ordinary 

of  Blue  course  is  to  publish,  with  a  printed  report  an  equal  number  of  the  maps  which  ^  illustrate  the  text, 
Books.  and  that  the  usual  number  of  the  first  edition  of  a  report  by  a  Koyal  Con^mission  to  be  presented 
to  both  Houses  of  Parliament  is  1750  ,copies,  of  which,  1410  copies  are  fw  Parliament^  at  lotst 
17  for  the  Commission  in  tliis  case  ;  and  the  rest,  say  323,  for  sale  and  for  future  supply'  .  If  their 
Lordships  sanction  tqe  publication  of  this  map,  and  inform  the  Stationery  Office,  that  department 
will  make  all  airangements  as  to  the  number  of  copies  required  for  sale.  With  th^  experience 
thoy  can  answer  Mr.  Bruce's  question  of  the  8th,  to  ^hich  I  am  unable  u>  give  a  m(»%  dtifinite 
reply.  ■  . 

To  meet  ix>ssibl6  demands  by  the  public,  the  custom  is  to  keep  type  and  li^ographic iitoQes 
pla|es,  &C.  ready  for  a  year  after  the  first  edition  of  a  bl^e  book  is  publiBhed«  and  ,that  contse 
may  be  followed  in  this  instance,  because  it  is  anticipated  that  the  pubUc  will  buy  this  report, 
and  its  Hiaps  and  appendices.  It  will  iiirther  the  work  if  'their  Lordships*  decision  can  be 
oommunicatod  as  soon  as  possible. 

The  Hod.  Adolphus*?.  O.  Liddell, 

Home  Office.  ■  . 

Their  Lordships*  decision  on  the  questiou  thUs  submitted  to  them  had  not  been  oommunioated 
to  the  Secretary  on  the  26tb  of  July.  But  on  going  to  the  Stationery  Office  on  the  29th  to  inquire 
if  anything  had  been  decided,  the  Secretary  was  informed  that  a  letter  had  been  sent  routid  through  the 
public  offices  which  will  no  doubt  arrive  in  the  ordinary  course  of  corbespondenee.  It  ia  understood 
that  the  publication  of  the  maps  is  sanctioned,  but  that  the  priee  has  to  be  settled  wi^  the  paUishen, 
Meesra.  Stlanford,  &c. '  ■  *   ■  '  -■  .      ■  . 

-     ■  '  ■  J.  F.  Campbell;  Sfecretary. 

Wli^tehall,  SlstTUly  1869. 
Sffi,     "  (Received  August  3rd.) 

I. am  directed  by  Mr..  Secretary  Bi;uce  to  acknowledge  the  receipt  of  your  letter  of  9lh 
instant,  and  to  acquaint  you,  for  the  information  of  the  Coal  Commissioners,'  that  the  Lords'  of  the 
Treasiuy.  authorize  the  publication  of  the- tvb  geological  map^.  referred  tb  therein. 

.  ^  I  am,  &a. 

The  Secretary  to  the  Coal  Commission,  A.  F.  0.  LiddeLl,  ' 

■  ■  &P,  &C,  ■&&.*  ■  ..... 


Digitized  by  GooQle 


Oli  tax  7B0BABILia*T  OF  FINDDTS  OOAI;  UMBSB  TH£  SB&UIAK,  IffiliW  ttBS-'.  611 


ExPLAKjHrtoir  of  the  present  Distbibctioi?  of  the  known  CoALPidLPS  of  EuBot-B^'oftheit  Origuml 
iiZtent,  and  their  Probable  Eztennon  nhder  Newer  StrKta. 

By  it.  Godwin  Austen,  F.iB.S..,G.S.,  &c., . 

The  existing  coalfields  of  Europe  are,  for  the  most  part,  the  remnants  only  of  th^  ureas  over  «hich 
those  peculiar  conditions  extended  wkidh  fnonted  the  growth  of  the  coal  Testation ;  every  coal  seam 
is  the  product  of  a  vegetation  whiob  lived,  and  was  there  covered  up.  What  those  oondttrans 
were^s  a  question  of  physical  ge(^raphy  upon  which  gedc^ts  are  now  pretty  wed  agreed. 

Over  the  areas  where  nmr  are  the  most  pcodmidve  Co&l-measUres  the  oonditionfe  were  those  of 
horizontal  tracts' or  belts  whioh  lay  between  the  upland  surfaces  of  the  time  on  the  one  siife,  and  the  ■ 
open  water  on  the  other,  and  which  tevota  at-  ev«ry  change  of  relative  level  of  land  and  water  were 
afternately  either  surfaces  covered  with  a  growth  of  marsh -and  peat  v^etation,  or  else  were  submerged 
beneath  BnaQow  watery  xvfaioh  according  to  local  influences  were  either  fresh,  bi'ackish,  or  marine. 

With  relation  to  oar  own  Britieh  area  such  conditions  extended  continuously,  or  nearly  so,  from 
Scotland  to  South  Wales  and  Somerset  The  land  ude  of  this  belt  of  Coal-measures  was  on  the 
west,  ftnd  it  'may&irty  be':  interred  from  hppearaaoes  to  be  noticed  with  references  to  the  Forest 
of  Deito,  Forest  of  Wyre  and  Ht  ohtUecs  (Oee  Hills,)  the  Sbrewsbary  and  Coalblrookdale  fields,  that 
the  uplands  of  the  time  of  their  ^rmatuMk  lay  at  no  great  diatAnce.  Whiit  extreme  breadth  this  mid 
portion  of  the  English  coal*band  may  have  had  in  an  easterly  direction  is  at  present  only  matter  for 
q[>eculation^  as  its  limits  have  not  been  defined  as  yet  at  any  one  point,  but  its  breadth  must  Imve 
been  consiilentble;  -The  Derhysbixe  anticlinal,  of  whidi  the  nj^^  extremity  is  ccmtinued  beyond 
Bnmley  and- Bradford}  tU  lover  to  the  south  of  Birmingham,  is  a  disturbance  wholly,  subsequent  to 
Ae  com^le^on  of  the  Cotd-toaeasare  formation,  the  which  has  been  denuded  away  from  off  that  range. 
This  Penine'ehain,  ithich  forms  so  remarkable  a  feature  in  the  phyuoal  geogi-aphy  of  our  idand,  has, 
fin* ^ery  panrt  of  its  «oureiejibeen!  taken  out  of  the  original  breadth  of  that  part  of  our  coat-growth 
belt,  before  which  disturbance  the  Laneadiire  coalfield,  and  the  several  others  to  the  south  of  it,  were 
connected  oootinodAsIy  nidi  the- coalfields  ofYorkdiire  and  D6ril}y8hir&  Thid  was  probably  the  ■ 
broadest  portion  of  the  English  coal-growth  surfaoe,  and  without  speculating  as  to  what  further 
extension  it  may  possibly  hftve  beneath  the  counties  'of  Lincoln  aiw  Nottingham,  we  have  direct 
evidence  from  this  portion  of  mv  own  area  that  coatgiowth  surfaces  to»y  have  breadths  <^  f^om 
70  to  80  miles;  •  - 

It  must  not  be  8U{^>oaed,  however,  tiiat  any  one  of  our  coal-gTowth  surfaces  hod  such  a  breadth  as 
tikis  at  any  one  time.  This  same  great  central  Coal-meaanre  area  of  EngLaml,  taken  from  its  western 
boundary  (the  old  land  of  Walee),  diowB  clearly  that  the  successito  of  depositions  and  growths  were 
tiie  results  of  repeated  changes  of  r^lativeilevel  of  small  amount,  the  water  level  ent^oiiohing  on  tho 
land,  so  that  the  older  coal  growths  had  become  depressed  and  covered  up,  long'  bel'ore  the  time  of 
the  formation  of  the  higher  beds  ;  in  other  words  the  Ooal-measuzes  the  cemrftl  jEbigfisli  area  nave 
their  newest  beds  on  the  west. 

The  coalfields  on  ^ther-side  of  the  Pewse  diain  owe  their  preservation  bo  the.  lines  of  -depxcasion 
which  attended     were  the  conse^uence-s  of  that  anticlinal  elevation ;  so  every  where  else. 

From  the  Glee  Hills  across  to  the  limits  of  the  Warwiekshwe  ooalfi^,  ^s  far  as  it  bos  been 
trae^'as 'yet,  is  a  breadth  of  60  miles.'  An  exaiminationofdie  FoaKast  of  Wyre^  South  Staffordshire, 
and  Warwiek^ire  coalfields,  wluch  have  been  mmdi  broken  up,  in  consequence  of  tbor  position  at 
the  southern  extreitiity  of  the  great  Peniae  anticlinal,  siumsts  mat  they  unite  into  a  great  ondisturbed 
coblfield  which  underlies  t^e  conntiee  of  Woroester'and. Warwick.  > 

Sir  H.  De  la  Beche  has  remarked  on  the  manner  in  which  the  north  and  south  lines  of  disturbance 
whicli  have  been  here  Ufrticed  pass  gradually  westward  till  tbey  join  or  fall  iti  witii  the  great  east  atfd 
vest  ajrstem  of'uhdulations,  to  whi;^  the  wbole-<^  the  Soudi  e£Eng^d  owes  ifscoafiguration.  This  - 
system  of  Undulations  onihmtjhoes  im  the  vest-in  tiie  aouthxyf  Iselosdj-is  continued  aaross  Smith  Walee, 
and  from  Cornwall  to  Kent.  On  the  oontioentit  reMpeArsin  tfae  Bouloamust  and  extends  thence  by 
the  axis  of  Artois,  across  Bdgium  into  Westpbtdla.  The  whole  of  this  line  of  disturbance  eoitesponds 
as  to  date  with  that  of  the  Penine  chain  ;  it  was  subsequent  to  the  completion  of  the  true  Coalnneasures, 
and  prior  to  the  whole  of  th^  Permian-tiias  group.  -  It  is  in  connexion  with  the  remnants  of  Coal- 
measures  preserved  along  this  east  and  w^  une,  that  the  present  mquiry  is  concerned.- ' 

The -great  coalfield  of  Sonth- Wales  is  but  a  remnant ;  it  has  been  cut  back  fipom  its  origtiol  limits 
on  the  north,  but  the  streams  and  rrrers' which  brought  down  the  sind  and  silt  forming  the  thick 
sedimentary  portion  of  the  sonth-West  Coal-measure  series,  flowed  in 'part  from  the  north  and  west. 
EaBt#ardB  there  was  originally  continuity  betwixt  this  coalfield  and  ihoee  of  the  Forest  of  Dean 
and  of  Somerset.  ;  > 

This  South  Wales  cdtttfidd  had  also  an  exten^on  xjver  the  sonthem  -portions  of  Femtweke  and 
'Glamorgsn-,  having  been  dei^nded  off  from  that  low  east  and  west  anticffinU  range,  and  it  is  pesuMe, 
from  the  dip  of  the  mountain  limestone  beneath -the  lerel  of  the  Bristol  Channel,  that  some  portion 
of  the  Coal-measuree  may  occur  along  the  line  of  'the  great  np^saat  fault  of  the  -North  Somerset 
coast  line; 

'  The  nature  and  amount  of  this  gretit  up-  east,  vrtiUlh  equals  in  the  vertical  dfisplaoement  of  the  aeries 
■of  depesitions  affected  by  it  anything* to  bel  obeerred  in  Brag^mn,  is  thi«,  tkit  firmn  the'  South  SeniMset 
range  (Fbre1and)-86uthwaTds  the  cotiQid^te  suocessien^'of  *^  ypper  Old  Red  Sanddt9tte»"  the  "  Z>etotnan 

its  litorftl  facies),  and  the  Iqwer  Carboniferous  **  (marine)  are  exhibited  fallowed  by  the  culm 
series  of  North  Devon.  Every' geologist  who  is  acquainted  with  biis  (^strict  'aHII  (^hcur'in  the  view 
of  Sir  B.  ^urc^is^n,  that  the  culm  or  Coal-measure  seried'of  Devonshire  was  "at  one  fiihe  a  mei'e 
extennon  of  the  Piemhroke  strata  of  the  same  ftgu  "  (SUuria>  Cli.  x.  xL) 
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Just  as  the  originftl  eflBtern  continnity  of  the  midland  coalfielda  of  England  was  broken  up  by  the 
Fenine  chiun  (North  and  South),  so  in  this  case  the  great  southern  expulsion  of  the  coal-growth 
surface  was  severed  by  the  SomerBet  and  North  Devon  range.  From  the  southern  edge  of  the  Welsh 
coalfield  across  to  the  Bideford  coal  is  an  interval  of  about  100  miles,  but  thU  represents  a  portiou 
only  of  the  breadth  of  tlic  Coal-measure  area  on  the  south. 

From  the  line  of  the  thin  seams  of  Bideford  coal  or  culm  (Iowct  Coal^oasures)  there  ezteodi 
south  for  30  miles  a  tract  which  presents  on  endless  alternation  of  fine  sandy  beds,  with  mud  depodti, 
(now  slates),  the  whole  so  crumpled  up  into  east  and  west  folds,  that,  they  at  present  occupy  very 
much  less  sjiace  than  nt  the  time  of  their  horizontal  deposition.  This  series,  though  wholly  wanting 
'  in  scnms  of  workable  coal,  is  referable  to  the  same  general  period  as  that  of  the  higher  portions  of 
the  South  Wales  productive  Goal-measnree.  Along  the  northern  edge  of  this  baao,  and  for  great 
distances  outwards,  coal-growth  terrestial  surfaces  alternated  repeatedly  with  accumulations  of  sand 
and  silt,  whenever  those  surfaces  became  aubmeiged.  Perhaps  a  nearer  approach  can  be  made 
towards  the  restoration  of  this  great  south-west  Coal-measure  area  to  its  originid  physical  conditioDfi 
thart  can  be  done  for  any  other  like  area  belonging  to  our  island. 

From  the  position  and  relations  of '  the  Coul-measures  of  the  St.  David's  district  (South  Walef) 
it  may  be  inferred  that  the  great  South  [Wales  coal  basin  had  its  limit  against  a  land  surface,  some- 
where in  that  direction,  whilst  on  the  extreme  south  a  like  bouadary  is  marked  by  the  beds  which 
come  unconformably  upon  upturned  Devonian  slates  and  limestone  (Newton),  still  more  clearly  by 
the  great  bands  of  shingle,  as  above  Ugbrooke  (CUudleigh). 

Throughout  its  continuance  the  culm  scries  area  received  the  drifted  spoil  from  a  terrestrial  v^ta- 
tion.  It  may  perhaps  be  safely  asaumed  from  the  absence  of  any  forms  of  animal  life,  sndi  as  inhabit 
water,  that  the  condition  of  the  area  was  unfavourable,  as  that  the  water  was  bradoob,  a  suppoffltion 
which  receives  support  from  what  may  be  observed  in  the  neighbonriiood  of  Exeter,  where  mases  of 
Goniatites  are  to  be  seen  entombed  in  culm  shales,  as  if  these  free-swimming  oephalopoda  had  been 
drifted  in,  and  there  killed  by  meeting  with  a  medium  unsuited  to  them. 

In  this  cose  we  have  an  indication  of  the  direction  of  the  open  sea  of  the  period.  By  combining 
these  seveitil  considerations  derived  frcnn  the  breadth  of  the  productive  oou  growths,  and  that  of 
the  areas  over  which  they  are  known  to  have  been  less  so,  or  not  at  all,  the  general  area  along  the 
Routh  of  our  island,  over  which  such  CoaI-mei(sures  as  may  have  escaped  denudation,  may  be  likely 
to  prove  productive,  becomes  suiBciently  defined  alon^  a  line  extending  from  Somerset  eastwards. 

The  small  wood-out  map  which  accompanies  this  part  of  the  report  is  taken  from  a  larger  in  illustra- 
tion of  a  memoir  in  the  Journal  of  the  Geological  ^ociet^  (vol.  12).  It  is  unnecessaiy  to  reproduce 
in  this  place  those  purely  geological  considerations  on  which  the  restoration  of  the  physical  geofj^apby 
of  the  European  surface  for  the  time  of  the  old  coal  growths  was  worked  out.  The  map  in  Its 
reduced  form  shows  how  much  of  old  Falsozoic  sea  bed,  of  the  Silurian,  Devoman,  and  lower  carboni- 
ferous periods,  with  much  that  is  fai'  older  than  any  of  these,  had  already,  become  terrestrial  and 
continental  surfiice,  anterior  to  the  true  Coal-measure  conditions. 

In  the  extreme  north  of  Europe  the  present  vast  Scandinavian  surface  is  but  the  remnaut  of  this 
old  terrestrial  region.  The  general  direction  or  strike  of  this  mass  is  N.£.  S.M\ ;  a  like  commoa 
direction  refers  the  Shetland  group,  the  Hebrides,  the  Northern  Highlands  of  Scotland,  aa  also  the 
N.  W.  parts  of  Ireland,  to  the  same  land  area.  The  Southern  liigblnnds  of  Scotland  and  the  border,  with 
the  lake  country  of  England,  the  mountain  district  of  Wales  and  that  of  Wicklow,  were  all  tlie 
results  of  forces  acting  in  the  same  direction  with  the  above,  and  were  produced  nt  the  same  general 
period.    Wicklow  has  been  represented  in  the  map  as  ori^nally  continuous  with  the  Welsh  group.* 

The  main  feature  of  this  restoration,  so  iar  as  our  own  coal-grpwtii  area  is  concerned,  is  that  of 
the  old  Scandinavian  land  surface  ;  not  only  did  the  whole  of  this  region,  stand  at  a  higher  level  than 
at  present,  but  it  had  a  great  extension  on  the  west,  so  as  to  have  been  one  with  the  Scottish  Hi^ 
lands,  and  have  been  continued  south,  down  into  the  old  parts  of  North  ^  Germany,t  (Saxony  and 
Bohemia),  extending  west  as  low  as  into  B^;iuin  (Gembloux). 

For  the  remainder  of  the  coal-growth  area  of  Western  Europe  its  general  form  may  be  defined  by 
the  positions  of  the  beds  of  workable  ceal  in  the  south  of  the  Ijinglish  Channel  (Lc  Flessis  and 
Littry,  Lower  Normandy),  which  just  show  out  fro^i  beneath  the  margin  of  the  Fermiui-trias  bed«, 
'  where  they  abut  against  the  old  Polflsozoic  marine  formation,  and  further  south  by  the  position 
tiie  central  plateau  of  France,  which  wu  a  terrestrial  surface  at  the  time  of  the  Co!il< measures. 

By  reference  to  the  litht^aph  map  it  will  be  seen  that  the  form  of  the  area  which  presented  the 
peculiar  conditions  favourable  for  the  formation  of  the  Coal-measures  of  Ireland,  England,  Northeni 
France,  Belgium,  and  Westphalia,  had  two  main  directions  which  it  derived  from  the  form  of  the 
land  of  the  west  of  the  European  continent.  It  was  for  the  greater  part  a  land-locked  area,  which  com- 
mnnicated  with  the  open  sea  by  channels  or  straits,- between  the  several  large  islands  which  still  serve 
aa  the  framework  of  our  British  islands.  With  these  geographioj  arrangements,  the  coal-growth 
surface  of  England,  and  of  nil  the  above-named  districts,  formed  parts  of  a  broad  level  expanse  which 
.  q>read  away  on  every  side  from  the  land  surface  of  the  time.  It  need  not  necessarily  have  happened 
uiat  around  every  part -of  this  area  there  was  coal-growth  surface  at  the  same  time,  any  more  than 
at  one  and  the  same  time  the  whole  was  an  expanse  of  water  forming  avast  lagoon;  indeed  it  is 
mMt  probable  that  the  sequence  of  change  from  land  surface  to  submerged  sur&ce  bad  ceased  on  the 
north  (Scotland)  long  before  much  of  the  upper  Coal-measure  series  of  the  south  was  formed. 

*  At  its  elevation  this  land  had  a  much  greater  extension  in  the  N.  W.  than  at  present ;  there  has  beea 
a  pn^ressive  falling  away  on  the  side  of  tfie  great  Atlantic  valley. 

•f  This  is  a  very  old  port  of  tiie  European  surface ;  tikere  most  have  been  a  narrow  barrier  bereabonts 
which  defined  the  areas  of  the  B.  and  W.  Falieozoie  faunas. 
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MM.  Dofr^noy  and  Elie  de  Beaumont*  have  very  properly  distinguished  two  conditions  of  cnsil-  j)  |Q] 
growth  surface ;  one  may  be  termed  the  inland  or  upland,  the  other  the  marginal  or  low  land.  The 
upland  coal  growths,  scattered  over  the  European  surface,  serve  to  show  the  extent  of  the  early  land 
snr&ce,  but  do  not  concern  this  inquiry;  it  is  to  the  marginal  belts  that  all  our  great  western  coal- 
fields are  referable.  It  was  for  this  reason  that  the  above-named  able  geologist  saw  t&e  importance 
of  defining,  if  possible,  the  general  form  of  this  area.  "  Ln  connaissance  de  cea  anciens  rivages  est 
un  des  tribute  les  plus  importants  que  la  g^logie  eet  appelSo  i  foumir.*' 

The  restoration  of  this  old  phyncal  boundary  can  now  be  safely  made  by  the  aid  of  sections  ex- 
tending north,  from  the  line  of  the  Belgian  coal  band  from  Tournay  to  Visfi.  The  continuity  of  the 
"  Foudingue  de  Burnot,"  which  is  merely  a  line  of  nhingle  beach,  serves  to  define  that  coast  line,  inas- 
much as  it  was  immediately  dependent  on  it 

The  cotd-growth  surfaces  of  Belgium  and  North  Germany  lay  parallel  with  the  soutHcm  portion 
of  the  grcftt  inlet  of  the  European  continental  surface,  having  a  continuous  extent  of  300  miles,  frc»n 
the  Boulonnais  into  Westphalia.  This  band,  though  a  mere  relic  of  its  origmal  breadth,  still  presents 
in  its  vast  thicknesses  the  record  of  the  countless  changes  from  knd  surface  and  coal  growths  to 
{resh'watcr  depositions,  w  hich  in  particular  characterise  this  portion  of  the  Coal-mcasure  series. 

Some  approximation  can  still  be  made  as  to  the  former  breadth  of  this  part  of  the  coal -growth  surface. 
What  now  remains  is  merely  a  narrow  band,  which  owes  its  preservation  to  having  been  caught 
uj)  in  the  main  fold  of  the  system  of  east  and  west  undulations  which  run  throu^  this  country. 
The  whole  of  this  disturbance,  like  that  of  the  west  of  England  (South  Wales  and  Somerset),  is  anterior 
to  the  Permion-trias  series  of  beds.  In  ihe  minor  foldings  which  run  parallel  with  the  above,  the 
true  Coal-measures  are  brought  in  again,  as  at'Houx.  The  small  intermediate  band  of  Gesve  shows 
that  on  the  meridian  ofNamur  the  Coal-measure  surface  had  a  breadth  To  the  south  of  15  miles. 
But  the  termination  of  the  Houx  band,  on  the  aide  of  Dinant,  shows  that  it  has  been  abruptly  cut  off 
in  that  direction ;  on  like  considerations  a  considerable  extension  may  be  given  to  the  breadth  of  the 
coal  surface  to  the  north  of  Kamur.  On  the  meridian  of  Namur  the  breadth  of  the  Coal-measure  band 
conld  not  have  been  less  than  30  mile?. 

That  this  is  a  moderate  estimate  receives  confirmation  by  the  manner  in  wliich  the  Coal-measures 
expimd  to  the  east,  from  Li^e,  Aix-la-Chapelle,  into  Westphalia,  where  their  breadth  may  be  taken 
at  70  miles. 

With  facts  such  as  these,  supplied  by  the  superficial  geology  of  Western  Europe,  the  principle  of 
reconstrudtion  adopted  for  the  production  of  the  accompanying  wood-cut  map,  has  been  to  give  to 
the  areas  of  the  existing  coalfields  an  estimated  extent,  and  assume  that  the  portions  which  are  now 
the  most  productive,  ori^nally  lay  nearer  to  the  lands  of  the  time  than  did  those  which,  like  the 
culm  series  of  Devon,  though  tme  Coal-measures  geologically  never  interchanged  with  plant  growth 
surfaces. 

Newer  depositions  (Cretaceous,  Nummulitic,  Kainozoic),  cover  up  and  conceal  the  Palseozoic  forma- 
tions of  the  continent  from  Tournay  westwards.  The  part  of  the  series  exposed  at  this  place  belongs 
to  the  lower  mountmn  limestone.  Owing,  however,  to  the  wide  area  over  which  research  for  coal  has 
been  made  during  the  last  100  yean  both  in  Belgium  and  the  north  of  France,  the  range  of  the  Palssozoic 
formations  beneath  the  newer  may  be  traced  with  certfunly  as  far  as  to  the  French  coast,  as  at  Calais 
and  in  the  Boulonnais. 

The  coal  shaft  sunk  at  Menin,  two  miles  N.  W.  of  Lille,  showed  that  at  that  place  the  Nummulitic 
and  Cretaceous  formations,  witli  a  tliickness  of  1,400  feet,  overlaid  compact  Palfeozoic  limestone ;  and 
this  arrangement,  as  indicating  that  the  Palaeozoic  basin  is  widening  out  as  it  strtftches  west  and  nortli, 
serves  to  explain  what  was  proved  by  the  Harwich  well  unking,  where  Nummulitic  and  Cretaceous 
beds,  like  tho«e  at  Menin,  rested  on  highly  cleaved  slates,  with  shells  (Posidonomyie)  characteriatic 
of  the  lower  part  of  the  mountain  limestone  series.  This  was  an  important  fact  towards  bringing  the 
subterranean  structure  of  the  S.  E.  of  Enghind  into  relation  with  that  of  the  opposite  continent. 

The  distance  from  Boulogne  to  Harwich  is  85  miles,  that  from  the  line  of  these  places  to  West- 
bury  and  Frome  is.  140  miles,  and  the  only  question  is,  what  are  the  subterranean  arrangements  of 
the  geological  formations  of  that  interval  ? 

Map  (  )  shows  what  was  the  condition  of  the  surface  of  Western  Europe  at  the  conclusion  or 
completion  of  the  Coal-measures  series,  and  before  the  denudation  of  surface  which  preceded  the 
Permion-trias  series. 

Map  (  )  shows  the  extent  of  that  denudati(m,  from  We8^>balia  to  Calais,  and  from  St  David's 
(South  Wales)  to  Somerset.  The  evidence  <^  the  two  maps  combined  suggests  the  probability  that  the 
Belgian  coal  band,  which  is  continued  along  the  line  of  the  axis  of  Artois  into  the  Bonlmmais,  is  still 
furtner  prolonged  across  the  S.  E.  counties  into  Somerset. 


Explication  de  la  Carte  geoloj^que  de  la  France,  vol.  ii.  p.  725. 


18488.  YoiuH. 
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D  103 

CIRCULAR  D.  1. 

The  CommissioiieTS  appointed  by  the  Queen  to  investigi^  Hke  probable  quantity  of  coal  contained 
in  the  ooal  fidds  of  tiifi  United  Kingdom,  and  to  r^rt  on  the  quantity  of  exuik  ooal  which  may 
be  reasonaUy  expected  to  be  available  for  use ;  vhether  it  is  probable  that  coal  exuta  at  workable 
de^s  under  the  FermiaD,  New  Bed  Sandstone,  and  other  superincumbent  strata;  to  inquire  as  to 
tile  quantity  of  coal  at  present  consumed  In  the  various  branciies  of  manu&cture,  for  steam  naviga- 
tion, and  for  domeetac  purposes,  as  well  as  the  quantity  exported,  and  how  &r>  and  to  what  extent^ 
such  oottsumption  uid  export  may  be  expected  to  increase,  and  whetiier  there  is  reason  to  believe 
tirnt  coal  is  .wasted,  either  bad  woridng  ox  by  carelessnesB,  or  no^ect  of  proper  i^iplianoes  for 
its  ecbnomical  consumption,  axe  as  foUows : 

George  Douglas  Duke  of  Argyll,  Knight  of  the  most  ancient  and  most  noble  Order  of  the  Thistle, 
Sir  Roderick  Impey  Mnrchison,  Baropet,  Knight  Commander  of  the  most  honourable  Order  of  the 
Bath,  Sir  ^f^lliam  George  Armstrong,  Knight  Companion  of  the  most  honourable  Order  of  the 
Bath,  Henry  Hussey  Vivian,  Esquire,  M.F.,  George  Thomas  Clark,  Esquire,  Joseph  Dickinson, 
Esquire,  George  Elliot,  Esquire,  Thomas  Emerson  Forster,  Esquire,  Jdm  Geddes,  Esquire,  Bobert 
Hunt,  Esquire,  Joseph  Beete  Jnkee>  Esquire,  John  Hartiey,  Esquire  John  Percy,  Esquire,  Doctor 
of  Uedidne,  Jonph  Ptestwieh,  Esquire,  Andtew  Oromlua  Ramsay,  Esquire^  and  John  Thomas 
Woodhouse,  Esquire. 

The  Commissioners  being  anxious  ,  to  obtain  the  opinions  of  wdl-infonned  men  would  feel 
obliged  if  you  would  favour  them  at  your  earliest  oonvenienoe  with  answers  to  any  of  the  enclosed 
questions  to  whidi  you  may  feel  able  to  reply.  They  fiui^her  request  that  if  you  desire  to  give 
any  more  extended  explanation  of  your  Views  you  will  give  it,  or  refer  to  any  work  which  contains 
the  infoimatiou.   I  shall  feel  obliged  if  yon  will  send  your  reply 

To 

I  am. 

Tour  obedient  servant, 

Oonunissioner. 


Oi  this  circular,  which  was  settled  Jannaiy  9, 1867,  1250  copies  were  struck  off,  of  which  the 
fottowing  wore  distributed : 

January  30.  To  each  Member  of  the  Committee  100      -  800. 
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ROYAL  COAL  COMMISSION. 

Questions  proposed  by  Committee  D. 

On  the  Probability  of  finding  Coal  under  the  Permian,  New  Red  Sandstone,  aod 
other  Superincumb^t  Strata  November  7,  1866. 

1.  What  coal  iield  or  coal  fields  in  the  British  Islands  are  you  best  acquainted  with? 

2.  What  formation  or  formations  do  these  Coal-measures  pass  under  ? 

3.  Do  you  know  if  any  shaft  or  boring  has  been  made  through  or  intb  the  Permian, 

New  Red  sandstone,  or  other  superincumbent  strata,  in  search  of  coal,  or  for  other 
purposes  ?    If  so,  state  the  thickness  of  those  superincumbent  strata  so  proved. 

4.  Were  the  Coal-measures  reached  ? 

5.  If  not,  what  other  formation  was  found  ? 

6.  How  far  was  the  sinking  or  boring  irom  the  nearest  coal-field  ? 
7-  What  was  the  nature  of  the  strata  ? 

8.  What  was  the  angle  and  direction  of  the  dip.  of  the  strata  passed  through? 

9.  What  was  the  direction  and  angle  of  the  dip  of  the  Coal-measures  below  ? 

10.  Were  any  beds  of  coal  reached  ? 

1 1 .  Were  they  identified  with  any  beds  of  coal  in  the  neighbouring  coal-field  ?  If 
so,  by  what  names  are  these  best  known  ? 

12.  If  no  beds  of  coal  were  found,  were  any  other  beds  or  measures  reached  that 
could  be  identified  with  any  in  the  adjacent  coal-field  ? 

13.  Do  you  know  of  any  shaft  or  boring  sunk  through  the  Permian  or  New  Red  sand- 
stone formations,  or  other  superincumbent  strata  in  which  they  were  found  to  rest 
upon  the  Millstone  Grit,  the  Carboniferous  Limestone,  or  any  other  formation  thaa 
Coal-measures  ?    If  so,  state  the  particulars. 

14.  Do  you  know  of  any  case  where,  in  difierent  pits  or  in  working  Coal-measures 
beneath  the  Permian  or  New  Red  sandstone  formations,  the  same  bed  of  coal  was 
found  to  lie  at  different  depths  beneath  the  base  of  those  formations ;  or  any  case 
in  which  a  bed  of  coal  cropped  up  into  the  base  of  either  of  those  formations? 

15.  If  any  other  formation  than  Coal-measures  was  found,  what  was  the  direction  and 

angle  of  dip  of  the  beds  ? 

16.  Have  you,  any  information  with  regard  to  the  underground  outcrop  of  the  Coal- 
measures  or  other  strata  where  the  Permian  or  any  of  the  Secondary  formations 
lay  upon  them  ;  viz.,  as  to  whether  the  underlying  and  overlying  formations  are 

approximately  conformable  ? 

17*  Do  the  Permian  or  any  of  the  Secondary  strata  abut  on  the  coal-field  or  coal-fields 
you  are  acquainted  with  because  of  a  &ult  or  faults ;  and,  if  so,  can  you  estimate 

the  amount  of  the  throw  ? 

18.  Do  you  know  of  any  case,  where,  in  the  underground  workings,  .they  drove* 
"  heading"  or  *'  gate-road  **  from  the  Coal-measures  into  the  Permian  or  New  Red 
sandstone,  or  any  case  where  a  cutting  at  the  surface  exposed  the  junction  of  the 
Coal-measures  with  the  Permian  or  New  Red  sandstone 'r 

If  so,  were  the  appearances  at  the  termination  of  the  Coal-measures  similar  to 
those  met  with  in  driving  through  an  ordinary  fault  or  slip  in  the  Coal-measures, 
or  were  they  such  as  might  lead  you  to  suspect  that  the  Coal-measures  may  have 
terminated  in  a  bank  or  cliff  before  the  deposition  of  the  Peimiaii  or  New 
Red  sandstone  ? 

19.  Did  the  Coal-measures,  for  instance,  form  any  steps  or  ledges  jutting  into  the 
Permian  or  New  Red  sandstone,  or  were  there  any  rounded  blocks  or  waterwoni 
masses,  either  of  Coal  or  of  Coal-measure  rocks,  in  the  underground  workings  near 
the  junction  of  the  Coal-measures  with  the  Permian  or  New  Red  sandstone? 

20.  Do  you  know  of  any  case  in  which  fraements,  or  pebbles  of  coal,  or  of  Coal-measure 
rock  were  found  in  the  Permian  or  New  Red  sandstone  formations,  either  near  the 
termination  of  the  Coal-measures,  or  at  a  distance  from  it  ? 

21.  Can  you  give  any  other  evidence  bearing  on  the  waste  or  destruction  of  coal,  or 
of  the  Coal-measures,  before  the  deposition  of  the  Permian  or  New  Red  sandstone 
formatioDB  ? 
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22.  Have  you  any  reasons  to  advance  with  regard  to  sinking  for  coal  in  areas  covered     j)  J05 
by  Permian,  Secondary,  or  Tertiary  formations,  in  which  you  think  it  probable  that 

coal  might  or  might  not  be  found  if  the  shaft;  or  borings  were  sufficiently  dee^  ? 

23.  State  those  areas,  and  at  what  depth  or  depths  yon  think  the  Coal-measures  might 
be  found  P 

24.  What  will  be  the  character  and  thickness  of  each  formation  you  expect  to  pass 
though  before  reaching  the  Coal-measures  in  those  areas  ? 

25.  Taking  into  consideration  the  following  data,  as  based  upon  the  outlines  of  the 
Geological  Map  of  the  British  .  Isles': — 

a.  That  in  the  west  of  England  the  New  Red  sandstone  reposes  for  many  miles 
directly  upon  Devonian  slates  or  other  rocks  lower  than  the  Coal-measures : 

b.  That  from  the  neighbourhood  of  Bristol  to  that  of  Bewdley  (a  distance 
of  60  miles),  it  likewise  reposes  in  many  places  on  Carboniferous  Limestone,  Old 
Red  sandstone,  or  Silurian  rocks : 

c.  That  in  one  part  of  the  Midland  Counties  the  New  Red  sandstone  rests 
directly  on  the  Cambrian  rocks  of  Chamwood  Forest,  on  the  Millstone  Grit  or 
Upper  Limestome  shales  between  the  Nottingham  coal  field  and  Cheadle,  a  distance 
of  25  miles,  and  rims  up  into  the  valleys  of  the  Millstone  Grit  about  Leek  in 
North  Staffordshire : 

d.  That  the  Permian  beds  rest  directly  on  Millstone  Grit  from  the  neighbour- 
hood of  Leeds  to  that  of  Darlington,  a  distance  of  50  miles : 

e.  That  tlie  Permian  or  New  Red  sandstone  rests  directly  on  Millstone  Grit, 
Carboniferous  X^imestone,  or  still  iower  rocks,  from  the  neighbourhood  of  Preston 
to  that  of  Whitehaven,  a  distance  of  60  miles : 

That  they  appear  to  rest  directly  on  the  Carboniferous  Limestone  and  Silurian 
rocks  for  40  miles  on  one  side  of  the  vale  of  Eden,  and  repose  on  Lower  Silorian 
rocks  for  many  miles  in  Dumfriesshire : 

g.  Thai  they  repose  on  Carboniferous  Limestone  or  Upper  Silurian  for  17  miles 
in  the  vale  of  Clwyd  in  North  Wales,  and  that  in  the  north-east  of  Ireland  they 
rest  for  50  or  60  miles  upon  lower  formations,  and  only  for  4  miles  upon  Coal- 
measures  : 

And,  on  the  other  hand,  that  from  the  same  data  the  New  Red  sandstone  rests 
directly  upon  Coal-measures  for  upwards  of  30  miles  in  Devon,  and  for  many  miles 
about  Bristol ;  that  the  Permian  or  New  Red  sandstone  so  rests  for  many  miles  round 
the  Midland  coal  fields,  and  those  of  Lancashire  and  North  Wales;  for  70  miles 
along  the  Derbyshire,  Nottinghamshire,  and  Yorkshire  coal-fields,  for  40  miles 
along  that  of  Durham,  and  about  30  miles  along  the  Whitehaven  coal-Held : 

On  the  review  of  the  above  data,  does  it  or  does  it  not  appear  to  you  that  a  great 
destruction  of  Coal-measures,  and  denudation  of  rocks  below  the  Coal-measures, 
took  place  before  the  deposition  of  the  Permian  and  New  Red  sandstone  forma- 
tions ? 

26.  Does  it  then,  or  does  it  not,  appear  to  ^rou  to  be  probable  that  the  state  and 
condition  of  the  Palseozoic  rocks  of  the  British  Islands  which  are  not  now  covered 
by  Permian  or  New  Red  sandstone  afford  us  a  fair  approximate  representation  of 

the  state  and  condition  of  those  that  are  so  covered? 

27.  Is  it,  or  is  it  not,  in  your  opinion,  a  fair  inference  from  the  preceding  considerations 
that  the  Coal-measures  lymg  under  the  Permian  and  New  Red  sandstone  or  other 
superincumbent  strata,  occur,  not  as  one  connected  area,  but  in  isolated  coul-fieUls 
separated  by  intervening  spaces  of  lower  formations,  the  Permian  and  New  Red 
sandstone  streching  indifferently  across  the  whole  ? 

28.  It  being  already  proved  by  the  working  of  the  pit  at  Hucknall  in  Nottinghamshire 
that  the  beds  of  coal  which  are  worked  in  Derbyshire  on  the  west  thicken  con- 
siderably as  they  dip  under  the  ma^esian  (Permiau)  limestone  in  Nottingham- 
shire, are  you  acquainted  with  other  similar  examples  of  this  fact? 

29-  Are  you  acquainted  with  any  case  showing  the  reverse  of  the  preceding  example, 
and  where  the  coal  beds  thin  out  as  they  dip  under  super-adjacent  deposits  ? 

30.  Are  any  of  your  pits  situated  near  the  edge  of  the  coal-field  ? 

31.  Have  you  any  plans  or  maps  on  which  you  can  trace  the  line  that  bounds  the 
Coal-measures  at  the  surface  of  the  ground  ? 

32.  To  what  distance  have  you  followed  the  difTerent  beds  of  coal  underground  beyond 
that  point  ? 
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39.  Has  any  geological  difficulty  led  to  the  yrorks  not  bang  carried  further  in  that 
■  direction? 

34.  What  are  the  numbers,  names,  and  thickness  of  all  the  beds  -of  coal  at  your  pit 

and  the  distances  between  them  ? 

35.  Do  you  know  whether  the  thickness  of  these  beds  increases  or  decreases  as  you 
proceed  irom  the  boundary  into  the  interior  of  the  coal  field  ? 

.  36.  Is  there  any  variation  in  the  thickness  of  the  other  strata ;  and,  if  so,  what  is  it  ? 

3?.  Are  there  au^  beds  of  coal  worked  further  in  the  interior  of  the  coal-field  which 
become  so  thm  as  not  to  be  worth  working  at  your  pits ;  or  do  you  work  any  beds 
■  of  coal  at  your  pits  which  become  unworkable  at  a  distance  from  the  boundary  of 
the  coal-field. 

38.  In  what  direction  and  to  what  extent  do  the  beds  dip  ? 

39.  What  is  the  general  direction  of  the  strike  or  level  course  in  this  coal-field  ? 

40.  Which  is  the  highest  bed  of  coal  worked,  and  what  is  the  greatest  depth  at  which 
it  is  worked  ? 

41.  Do  you  know  whether  there  are  any  beds  )iigher  than  these,  and  what  may  be  theu* 

thickness  ? 

42.  Have  you  any  instance  in  which  the  coa)  has  been  -replaced  by  shale,  sandstone, 
oil-shale,  ironstone,  or  other  minerals,  and  to  what  extent  ? 

43.  Is  such  a  feature  more  common  in  your  pit  than  further  in  the  coal-field  ? 

44.  Are  there  any  beds  of  coal  or  ironstone  or  other  mineral  beds  which  can  be 
identified  with  those  in  any  adjacent  coal-field  ? 

45.  What  fossils  do  you  find ;  and  have  jou  noticed  whether  the  different  beds  of  coal, 
ironstone;  shale,  or  sandstone  contain  difierent  fossils  ? 

46.  Can  you  compare  or  correlate  the  strata  in  this  coal-field  with  those  of  any 

adjacent  coal-field  ? 

47.  Referring  to  questions  23  and  24,  do  you  know  of  any  faults  which  by  throwing 
up  the  beds  may  lessen  the  thickness  of  the  superincumbent  strata  in  the  aiea 

between  the  coal-fields  ? 

,  48.  Have  you  any  reason  to  believe  that  the  Coal-measures  exist  in  full  development 
beneath  these  strata,  or  that  they  had  suffered  denudation  before  the  deposition  of 
the  newer  beds  ? 


RODERICK  I.  MURCHISON, 
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REPLIES  TO  CIRCULAR  D.  1. 


1.  SOBERT  HASSNESS^  Esq., 

Queen's  CeUege^  Cork. 

25  €.  With  reference  to  a  portion  of  the  county 
between  Preston  and  Whitehaven,  where  the  Per- 
mian rockB  come  in  contact  with  the  Carbooli^ua 
f<Hination,  I  infer,  that  where  this  occurrence  takes 
j^ace  on  the  northern  side  of  Morecambe  Bay,  there 
has  been  a  great  amount  of  denudation  of  the  Carboni- 
fermia  rocks  antecedent  to  the  depontion  of  the 
Permian  rocks ;  for  where  the  lower  portion  of  these 
latter  are  seen,  they  are  composed  for  the  most  part 
of  a  breccia  nude  up  of  fragments  of  Carboniferous 
(scar)  limestone. 

With  the  exception  of  the  area  near  Fumess 
Abbey,  there  are  on  the  north  side  of  Morecambe 
Bay  no  Permiaa  rocks  of  sufficient  extent  to  justify 
their  cMisideration  as  to  the  occurrence  of  coal 
beneath  them.  The  Fumees  Abbey  area  is  itself  but 
a  small  Permian  area ;  and  the  mode  in  which  the 
Permian  rocks  have  come  iu  contact  with  the  Carboni- 
feroas  limestones  renders  it  probable  that  beneath 
this  Permian  area  no  workable  seams  of  coal  occur ; 
aad  that  the  Permian  rocks  are  here  transgressire 
upon  tiie  Lower  Carboniferous  series. 

With  regard  to  the  Permian  sandsttoes  which 
mai^in  the  west  coast  of  Cumberland  as  &r  north  as 
St.  Bees  Head,  these  do  not  indicate  that  any  Car- 
Doniferons  rocks  lie  beneath  them,  until  the  neighbour- 
hood of  £gremont  is  reached.  So  far  as  the  imperfect 
evidence  will  allow  of  a  conclusion,  tho  Permian 
rocks  here  rest  upon  the  Lower  Silnriui  strata  and 
their  accompanying  granites. 

On  the  coast,  near  Braystones  station,  blocks  of 
Carboniferous  iWestones  are  seen,  and  these  have 
probably  been  derived  from  an  extension  of  the 
Carboniferous  formation  of  Cumberland,  which  flanks 
the  Idke  jnonntains  on  the  north-west,  undemeatii 
the  Permiaa  strata  which  occupy  the  area  between 
E^remount  and  Brayatones  on  the  south-east,  and 
St.  Bees  Head  and  Barrough  Uonth  on  the  north- 
west. The  roclEs,  which  are  supposed  to  extend 
underneath  this  portion  of  the  Permian  area,  must  to 
A  great  extent  consist  of  the  Lower  Carboniferous 
series,  being  an  extension  south-westward  of  the 
limestones  of  Qeator,  and  only  a  small  portion  in  the 
neighbourhood  of  St.  Bees  Head  is  likely  to  affiird 
the  higher  coal-bearing  series. 

On  the  north-east  side  of  St.  Bees  Head,  many 
yeaiB  ago,  at  Croft  Fit,  the  Permian  rocks,  which  are 
here  thin,  in  consequence  of  proximity  to  their  out- 
crop, were  sank  through,  and  the  Coal  measures 
reached;  two  of  the  five,  workable  seams  of  the 
Whitehaven  coal  series,  the  third  (Bannock  Band), 
and  tiie  fourth  (Main  Band),  recluaing  from  above 
downwards,  have  been  come  upon. 

25  /.  Ab  r^ards  the  occurrence  of  the  Permian 
rocks  occupying  the  vale-  of  the  Eden,  and 
spreading  over  the  north-west  of  Cumberland  and 
the  south-east  of  Domfriessbire,  these,  except  for  a 
small  portion  of  their  eastern  margin  in  the  neigh- 
bourhood of  Duflon  in  Westmoreland,  where  they 
come  in  contact  with  Lower  Silurian  rocks  or  the 
Upper  Old  Red  Sandstone,  are  margined  by  Carboni- 
ferous deposits. 

In  the  upper  portion  of  the  vale  of  the  Eden,  near 
Kirkby  Stephen  and  Brongh,  the  Permian  strata 
both  on  the  east  and  the  west  side  are  in  contact 
with  nx^s  low  down  in  the  Carboniferous  series,  and 
on  both  these  sides  the  Permiaa  rocks  come  in 
contact  wi^'fhe  OarbonUbrous  deposits  by  means  of 
faults.  The  Permian  strata  are  themselves  also 
intersected  by  faults. 

One  of  these,  at  St.  Michael's,  near  Appleby,  shows 
that  the  loww  Permian  eandstones  rest  upon  flaggy 
strata  which  appertain  to  the  Lower  Carboniferous 
rocksi.  Anothci-  fault  also  occurs  in  the  Permian 
strata  about  Imlf  a  mile  cast  from  (he  one  ut  St. 
Micliael'rt;  and  near  .this,  beneath  the  lower  Ferr 
miah  sandstones,  a  band  of  clay  ironstone  has  beea 
found,  and  this  ironstone  belongs  {ffobably  to«  p(tf  tion' 
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of  the  Carbonifioroiu  fimination  lower  than  the  coal- 
bearing  depoolts  of  Durham  and  Wetfe  Cnmheriand. 

From  these  circamstaoeeB  tbere  is  very  little 
proqwQt  v£  Ae  occurrence  of  workable  seams  of  eoal 
beneath  the  Permian  rocks  of  the  Eden  Valley  in  the 
neighbourhood  or  south  of  Appleby. 

The  fault  which  margins  the  Permian  depoats  on 
the  south-west  side,  and  which,  afler  its  extension 
into  Cumberland  north  of  Sebwgham,  has  an  east 
and  west  course,  brings  higher  Oarttoniferoua  rocks  in 
contact  with  the  Permian  strata  tlie  further  it 
proceeds  north-west  and  westwards. 

The  Carboniferous  strata  on  the  south-west  side 
of  this  iault,  between  Shap  and  Morland,  near  the 
villi^e  bf  Beacill,  contain  three  seams  of  coal.  These 
occur  in  theXower  Carbonifenma  serms,  and  the 
thidcest  of  them,  a  IQ-inch  seam,  was  ibrmeriy 
worked  by  the  late  Mr.  Xliomaa  Bland,  to  whose 
nephew,  Mr.  J(An  Bland,  of  Wyebonrne  House,  near 
Bragill,  I  am  indebted  for  the  accompanying  section 
showing  the  position  of  these  coals,  and  which  I  ' 
have  compared  with  tiie  strata  which  it  represents. 

These  thin  seams  of  coal  and  their  aocompanying 
strata  I  believe  pass  under  the  Permian  rocks  of  tiie 
vale  of  the  Eden  north  of  Appleby ;  and  they  are 
probably  the  representatives  of  the  Screamerston  eoal 
seams  of  N.  Northumberlaud.  As  they  are  too  tiiln 
to  be  of  workable  value  at  ReagiU,  it  is  not  probable 
that  where  they  pass  under  tiie  Permian  roeks  of  the 
Bden  valley  their  thickness  would  be  so  increased  aa 
to  tender  them  wcrkable,  especially  when  it  is  con- 
sidraed  that  a  great  thid^ness  of  Permiaa  strata 
would  have  to  be  penetrated  before  they  eonld  be 
reached. 

The  Morland  limestone  fwms  the  weeteni  bound- 
ary of  the  Permiaa  rock  from  Morland  to  the  neigh- 
bourhood of  Penrith. 

It  can  be  wea  near  the  latter  place  at  fikirsgiU.  on 
the  banks  of  the  river  Eamont)  inunediately  above 
the  railway  viaduct. 

It  is  stated  that  to  the  east  of  this,  "  at  a  place 
called  Honey  Pot,  close  to  the  banks  of  the  £lamont, 
a  little  below  Penrith,  they  bored  74  fathoms  in 
search  of  coaL  It  is  said  that  they  passed  through 
only  15  fathoms  of  red  sandstone  before  thOT  reached 
the  eoal  measures*'  (Fritfeasor  Sedgwick,  GeoL 
Trans.  VoL  iv.,  page  887,  N.S.) 

There  is  probably  some  donm  as  to  tiie  eorrectneBB 
this  statement,  at  least  ao  &r  as  the  coal  meannieB 
are  concerned. 

K  the  rocks  which  support  the  Foniian  strata 
were  reached  by  this  b<N:ing,  the  probability  is  they 
would  belong  to  the  lower  portion  of  the  Carboni- 
ferous series,  or  at  least  not  be  higher  than  the 
sandBt<mes  above  the  Morland  limeetones  which 
contain  the  thin  impure  coal  of  Ewer  HilL 

Korth-west  from  the  Eamont  a  purplish  grit, 
which  ovOTlies  the  Morland  limestone,  flanks  the 
Permian  rock.  This  can  •  be  seen  in  the  coune  of 
the  Kver  PetteriU  near  Newton  Bdgny ;  and  beyond 
this  the  thin  bad  coal  makes  its  appearance  in  h^her 
Carboniferous  strata,  which  has  beoi  alluded  to  as 
oecnrring  at  Ewer  Hill  near  Castie  Sowerby.  This 
appears  to  be  the  same  seam  which  has  been  worked 
a  Uttie  to  the  north  of  Caidbeck,  and  also  still  further 
northwards  on  the  north  slope  of  Wamell  and 
Brocklebank  Fells.  Along  the  line  of  fault  westward 
higher  Carboniferous  strata  occur,  and  the  north-east 
end  of  the  West  Cnmberland  Coalfleld  preeoitB 
itself. 

There  is  an  area  which  iies  north  and  cast  of  the 
thin  coal  of  Wamell  Fell  which  exhibits  Cwboniferous 
strata  iia  contact  with  the  Permian  rocks,  and  these 
Carboniforons  str^Ua  are  lower  in  tiie  series  than  tiie 
thin  coal  seam  of  WarncU  Fell. 

These  lower  Carboniferous  strata,  in  contact  with 
Fer/niau  roeks,  tire  seen  in  the  courpc  of  the  ?mall 
strtem  called  Shalk  beck  above  iwo  loiies  tsoulh  of 
Cu^thwaite  station  in  the  Carlisle  and  Mvyport 
Baliway.  Digitized  by 
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D  108  Here  Is  a  mass  of  carboniferous  limestone,  against 
which  the  upper  portion  of  the  Lower  l^ermian 
sandstones  in  the  form  of  a  breccia  abots,  and  the 
ftngments  in  the  breccia  have  for  the  most  part  been 
derived  from  the  adjoining  limestone. 

This  Carboniferous  limestone  appears  to  be  on  die 
faorison  of  the  Morland  limestone,  uid  its  occurrence 
here  is  doubtlesB  the  resnlt  of  a  faolt  with  an  np- 
throw  towards  the  north.  This  faalt  can  be  traced 
eastwards,  and  is  seen  near  Throngholme  Bridge  in 
Baw  beck  and  lUso  at  BroadBetd,  where  the  Carboni- 
ferous timestoae  has  been  worked  (Sedgwick,  op.  cit. 
supra,  page  301],  and  it  extends,  at  least,  as  far 
eastwards  as  RoughtengiU  on  the  west  side  of  the 
Lancaster  and  Carlisle  Railway,  aboata  mile  north 
of  Soothwaite  station. 

The  exteosion  of  this  foolt  west  from  Shalk  beck 
is  difficult  of  reo^itioD,  and  the  relations  of  the 
Carboniferous  strata  to  the  Penuiao  rocks  are  not 
very  distinct. 

The  occurrence  of  limestone  fragments  in  the 
Permian  breccia  at  Shalk  beck  justifies  the  inference 
that  this  fault  existed  among  the  Carboniferous  strata 
before  the  deposition  of  the  Permian  rocks.  In  a 
section  fpren  by  Mr.  Blnney  (Memoirs  of  the  Literary 
andPhildogical  Hoclety  of  MaDchester,  toL  xiv.)  of  the 
■rnuigement  of  the  Carboniferous  and  Permian  rocks 
at  Westward,  about  a  mile  west  of  Shalk  beck,  the 
middle  and  upper  members  of  the  latter  are  intrusive 
on  the  former. 

The  occnrreuce  of  this  fault  renders  it  very  doubt- 
fUl  if  any  workable  seams  of  coal  occur  beneath  the 
Permian  rocks  south  of  a  line  drawn  across  the  valley 
of  the  Eden  from  Southwaite  station  to  Kewbiggen  on 
the  west  side  of  the  Pennine  chain,  especially  if  this 
&ttlt  extends,  as  is  probable^  frcmi  Boughtengill  east* 
wards  beneath  the  Permian  area. 

(^ncernin^  that  porUon  of  the  Permian  area 
which  occupies  the  north-vrest  of  Cnmberluid,  and 
which  exteuda  into  the  south-east  portion  of  Dum- 
friesshire, thrav  is  good  reason  for  iiuerring  that  the 
twrt  which  abuts  against  the  north  margin  of  the 
West  Cumberland  Coalfield  has  underneath  it  coal- 
bearing  rocka,  and  the  same  remark  applies  to  that 
portion  of  the  area  which  comes  in  contact  with  the 
small  Coalfield  of  Cannobie,  Dumfriesshire. 

As  regards  the  latter,  at  Rowanbum  the  upper 
Permian  sandstones  are  seen  immediately  south  of 
the  fault  which  here  sepai-ates  the  coal  measures 
from  the  Permian  strata,  and  the  mode  of  arrange- 
ment of  the  two  formations  here  is  exactly  like  what 
is  seen  at  Marvport. 

Here,  therennv,  are  the  same  probabilities  in  favour 
of  the  occurrence  of  coal  beneath  the  Permian  rocks 
aa  in  West  Cumberland.  It  ia,  however,  doubtful  if 
there  be  one  continuous  coalfield  beneath  the 
Permians  connecting  these  two  ansBt  as  great  faults 
and  denudation  may  have  occurred  in  the  Carbonif^us 
rocka  underlying  the  Permian  area  before  the  latter 
was  deposited. 

To  die  south-east  and  also  to  the  west  of  the  small 
Cannobie  coalfield  the  Permian  rocks  are  in  contact 
with  members  of  the  Lower  Carboniferous  series. 


which  in  Dumfriesshire  contains  no  workable 
of  coal,  and  this  contact  is  the  result  <^  the  extension 
of  the  fault  bet<««  referred  to. 

This  &nlt  in  its  west-south-west  course  crosses 
the  river  about  two  miles  above  the  town  of  Annan, 
and  passes  under  the  Solway  Frith  in  the  pariah  of 
Ruth  well. 

The  Permian  rocka  coming  in  contact  in  one 
locality  with  coal  measures,  am  in  others  with  tiie 
lower  portion  of  the  Carboniferous  series  in  this  part 
of  •  Dumfriesshire,  would  support  the  condtuHon 
previously  arrived  at,  that  after  the  deposition  of  the 
coal  measures,  and  antecedent  to  the  depositi<»i 
of  the  Permian  strata,  the  former  group  of  rocks 
bad  been  subjected  to  a  considerable  unonnt  of 
faulting  and  denudation,  which  renders  any  definite 
inference  as  to  the  amount  of  workable  coal  which 
may  exist  below  the  Permian  rocks  of  the  n<Hih 
west  of  England  a  matter  of  impossibility. 

With  reference  to  the  detached  areas  of  Permian 
rocks  which  occur  in  DumfriesBhire(Qu'arterly  Journal, 
Geological  Society,  vol.  xii.  page  255),  these  with 
the  exception  of  two  have  no  CariMmifinnxs  ro<^ 
in  contact  with  them.  Of  these  two  areas^  one  ia 
that  of  which  the  sandstone  of  Cwncockle  Mnir 
forma  a  portion,  and  at  ita  aouth-east  margin  thia 
area  at  Dalton  Hook  has  at  its  base  a  Iveccia  made 
up  of  fragments  of  Carboniferous  limestone,  in  com- 
position being  exactly  like  that  of  the  western  nde 
of  the  Permian  rocks  near  Appleby.  Except  at 
Dalton  Hook  the  rocks  which  margin  this  Permian 
area  appertain  to  the  Lower  Silurian  strata.  The 
fragments  which  enter  into  the  composition  of  the 
Dalton  Hook  breccia  have  been  derived  from  the 
Carboniferous  rocks  which  occur  southward,  and 
which  belong  to  the  band  of  Lower  Cu^niferons  series 
which  in  this  portion  of  Dumfriesshire  separate 
Permian  sandstones  on  the  south  from  the  Lower 
Silurian  rocka  on  the  north. 

There  la  no  probability  that  in  tliia  area  the  Permian 
aandstonea  have  beneath  them  any  seams  of  coaL 

The  other  area  where  Garboniferoua  atrata  occur 
in  connexion  with  Permian  rocks  in  Domfneaahire 
is  in  the  vale  of  the  Nith  around  the  village  of 
Thomhill. 

Here  a  band  of  Permian  rocks,  which  has  a  con- 
siderable north  and  south  extension,  is  seen  ;  but  the 
area  in  an  east  and  west  direction  which  it  occupies 
is  very  narrow.  Carboniferous  rocks  flank  this  I»nd 
on  its  east  and  west  sides  ;  and  these  rocks  strike 
nearly  north  and  south,  being  the  direction  which 
the  greatest  expansion  of  the  Permian  sandstones 
take  here. 

These  Carboniferona  rocks  on  both  aidea  of  the 
Permian  auidstones  are  low  in  the  series  and  afibrtl 
no  coals.  Th^  dip  into  the  Permian  area  on  both 
aidea,  and  aa  the  ktter  ia  veiy  narrow  in  the  direction 
of  their  dips,  there  ia  very  little  proqieet  of  any  work- 
able  coal  occuring  under  thia  Permian  area. 

BOBBBT  HaBKMBSS. 

Queen's  Collie,  Cork, 
27  March  1867. 


Section  from  Shapwella  to  PeaaUnd,  showing  the  poaition  of  the  BeagiU  Coal  Seams,  8  miles. 
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8.  KDWASD  HULL,  Es^., 

Geological  Smrey  Office,  Glasgow. 

Akswsbs  to  Bome  of  the  QtTESTiOKS  in  Cibcdlar 
B  I,  "  on  the  poseibility  of  finding  coal  onder 
Permian,  New  Bed  SandBtcme,  and  otiier  Saper- 
incumbent  Strata.'* 

1.  i.  Lancashire  and  CheBhire.  ii.  NorUi  Stafibrd- 
Bhire.   iiL  Leicestershire. 

2.  Permian  and  New  Red  Sandstone. 

3.  Assuming  this  to  refer  to  the  countoy  generally 
88  well  as  to  the  vicinity  of  the  above-named  coal 
fields,  I  here  insert  some  deep  borings  and  sinkings 
which  I  hare  collected  from  variouB  soorces,  and 
which  may  be  of  apme  value  in  Uiis  enquiry. 

(a.)  Bormgt,  &e.  whiek      mot  reach  Coal  meature$. 

Sontfaport,  Lancashire. — Boring  for  water.  Red 
marls  with  gypsum  and  common  sal^  207  feet. 
DisteBce  frcnn  tiie  nearest  coal  field  2  miles. 

LiTOrpooL — C^eenLane  well  and  boring  (1856). 
New  Bed  Sandstone.  Depth  875  feet.  Dis- 
tance 2  miles. 

Liverpod. — ^Bootle  well  and  boring.  New  Bed 
Sandstone.  600  feet.  Distance  4  inll^s. 

Liverpool. — ^Windsor  welL  New  Bed  Sandstone. 
Depth  245  feet. 

Manchester. — Ordsall  wellf  Salfbrd.  Well  and 
boring.  New  Bed  Sandstone.  460  feet  Dis- 
tance 2  miles. 

Manchester. — Gorton  waterworks.  New  Red 
Sandstone.    210  feet.   Distimce  14^  miles. 

Manchester. — Water  Street  works.  Messrp.  Roth- 
well,  Bored  492  feet  New  Bed  Sandstone. 
Distance  1  mile. 

Birkenhead. — Flaybrick  Hill  well.  New  Red  Sand- 
stone.   Depth  360  feet. 

Birkenhead. — Well  of  Wirral  Water  Company  at 
W.  base  of  Oxton  Hill.  New  Bed  Sandstone. 
Depth  368  feet. 

Birmingham. — Boring  at  Aston,  2  milea  N.  of  Bir- 
mingham, for  the  Birmingham  Water  CkHnpany, 
as  follows  :-~ 

feet 

AUuviom         -  -         -        -  10 

HT     -D  J  r       Sandstone  - 
&^<iH«d«    do.  «.d  Cfflglo- 


Lincolnshire. — SinloDg  for  coal  at  KlilgsUiotp. 
(Through  Mr.  Aveline,.  F.G.S.)  : 


Harder  do. 
merate 

Watbk. 

fMarl 
Istone   -  - 
I        -  - 
f  hard  Sandstone- 
1  widi  stones  (Breccia) 


36 
10 
15 
53 
45 

891 


giilop. — ^Boring  on  the  Hadley  Park  Estate,  2  miles 
N.E.  of  Wellington.   (Beckett)  : 

ft.  ins. 

1,  Drif^  sand  and  gravel      -      -   53  6 

2.  New  Bed  Sandstone     -         -   68  6 
8.  Permian  ?  Dark  red  rock  and 

mottled  clays    -         -      -  258  0 

4.  Permian  ?  Duk  roagh  rock  and 

pebbles        -         -        -   12  9 

5.  Tnp?  Hardgieenrock  -      -  41  10 

434  7 


1.  Great  Oolite 

2.  „  „  sands 
8.  Upper  Lias  day  ■ 

4.  Stone  (Madstone) 

5.  Oay  (Lower  Lias  Bed  Marl)  ? 

6.  New  Bed  Sandstone  1  -p-  „  , 

BedMarl      -  .j^eoper? 

7.  Conglomerate  (drowned  out) 


feet 
.  26 

-  ISO 

-  180 

-  456 
•  84 

-  15 

911 


The  continuation  of  this  sinking  would  throw  a 
great  deal  of  light  on  the  nature  koA.  thickness  of  the 
beds  in  this  part  of  England. 


(b.)  BoringSy  8fc.  which  reached  Coal«»^cuwrts. 

Manchester.— Brough  ton  Boad  Pq>6r  Works.  Bor^ 
ing  for  water.    (J.  Knowles) : 


1.  Drift  c^y  and  New  Bed  Sandstone 

2.  Upper  Permian.  Bed  loau,  day, 

and  shale        -        -  - 
8.  Lower  Permian.    Soft  Bed  Sand- 
stone      -         -  - 
4,  Upper  coal-measures.   Hard  bands 


Distance  from  coal  field  1^  mile. 


feet 
80 

70 

50 
40 

240 


Mandiester. — ^Medlock  Vale  Works,  K  of  Mandtes- 
ter.  Borii^  for  coal,  by  Mr.  Wood.  ■  (Throngb 
Mr.  E.  W.  Binney,  F.B.S.)  : 

feet 

1 .  Alluvium  and  drift  -  -  26 

2.  New  Red  Sandstone  23 
8,  Upper  Permian.   Bed  marls  with 

bands  of  rock    .         .         -  247 

4.  Lower  Permian.   Bed  Sandstone 

(witli.  water)        -         -  424 

5.  Upper  coal-measures,  blue  diales 

and  grits        -         -         -  138 

858 

Distance  |  mile  firom  the  coal-field  of  Ashton-under- 
Lyne.   Dip  W.  or  W.S.W. 

Ifandiesisr.— Oiorlton-on-Medlook  (centre  of  ih» 
ci^).  Messrs.  Fryer  &  Co's  Workfc  Bormg 
for  water.   (Mr.  £.  W.  Binney) : 

feet 

1.  New  Bed  Sandstone       -        -  114 

2.  Upper  Pennian  Marls        -      -  287 

3.  Lower  Permian  Stodstone  -  70 

4.  Ujqier  coal  measures  with  Ardwick 

limestone        ...  125 


546 


Dip  probablv  S.W^  amount  uncertain.  Distance 
fW»n  the  Muuuieeter  ooal  field  1  mile^  No  coal  met. 
The  beds  here  readied  are  probaUr  hig^  than  the 
Ardwick  beds  which  are 200 yanU  uiidc  before  naoh^ 
ing  the  Openahaw  ooaL 
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■n  MamcheBter. — ^WeQ  ind  bOTing  at  SeedlCT  Print 
*  Worka,  Fendtoton.   (Mr.  E.  W.  Binney)  : 

feet 

Drift  61 

New  Bed  Sandstone        -         -  139 
Upper  Pfflmian  Harl         -      -  128 
■  Jioww^Feroiiaa  oonglomervte      -     12  (water) 
Upper  coal-niee8a7«8|   cUy.'  dad 
«lule  with  jdants,  tic  - 


30 

370 


Dip  of  aU  the  beds  a  10^  W.  (n«arly).  AngU  nn- 
cercuA.  The  coatmauuree  atraek  aire  sune  cobaldeo^ 
aide  djatancfi  afapTe  the  .Vf oMtey  and  Pendleton  4  feet 
coal.  Distance  alitUe  itd  tiie  south  of  iheooalfield. 
No  eoal-Beanu  stnui. 

l^Uiioroft,  near  Hanchester. — Old  collieiy : 

feet 

.  Drift  -  Boulder  clay  -  15 

New  Sed  Sandstone  -         -      -  1 
'  CTppef  Pehniaa  Maris  with  limestone 
Lower  Permian  Sandetone  -        '  -  21 
Upper  coal  measures,  shales  and 

sandstones,  with  several  thin  ooals  1,200 
"Worsley  four  feet  coal      -  -  4 

•'.i   .       1/  •  ,  — — —  ■■ 

■  1^24 . 


The-pit  abeiiC  20ft  ytrdA  Snm  tha  southdm  'border 
of  the  coalfield.  (6.)  Diitetion  of  dip  neac^  aonth. 
Anglo  6f  New  Red  Sandstone  5°  (iiearly)^  Permian  T 
(nearly),  coalmeasima  Uf.  (11.)  The  Weraley  four 
tiaet  ocM  is  well  known  all  al<a^  tilie  soalhsni  side  of 
the  S..Iiancadiirtf  ted^field,  ftf  IrMt  m  Bedford. 
It  is  Ae^ghest  workable  seam. 

BedfiMd  and  Astley  CbUieriee,  near  Leigh,  Lan- 
xaahire: 

feet 

New  Red  Sandstone  -  -  22  (^tprozimotoly) 
Upper  Pem^n.  Marls  with  lime-l 

fltope  •         -  .       ^.         -  I  J4(, 
Lower  Penman  Sandstone  and  f  ■ 

conglomerate     -  -  J 

Upper  coal-measures     •         -   270  . 

Worsley  four  feet  coal     -  432 

6.  Distance  firom  tiie  southern  border  of  &e  coal 
field  about  4  &  mde.  '  (8.)  The  dip  of  tbe  New  Red 
Sandstorie  J)vat  5°  Bonth;  that  bf  the  Penidaii  about 
8°,  thal^pf  fh^  coal''lneaBiiir6''ab(ftfl:  1;S°  in:  thte  nme 
direction*.    (11^12.)' The  Wonley  foiir4deft"coal  -was 
reached,  and  is  the  highest  woikable  seam  in  the 
adjoining  coal-field. 
Edge'  GTreen,  colliery,  near  Ashton-in-Makerfield. — 
Several  shliftB'suiilc^tfii-oagb'New  Kcd  Sundettme 
and  Permian  beds  inter  coal-medEtore^.'  The'ft)V 
lowing  is  a  section  of  aa&  of  them.— ^Binney)  : 

•   ■  ft.  Sii3|.i/. 

-  'Birtft. '-BoAldeirclay^  -     -    ■       33.  p' 
New  Red  SatldMotte-'  •  ■'  -  ■  Mt-*'  Om- 

U>^r  Permian  Marls,  Sic.  •      •     70  0 
LD^FenniairSandsMb6'>-i«  -:^  'M-^ltft'cdl 


Dip_  of  Permian  wid  New'Bed  Sandstone  E.S.E.  at 
14°,  tliiat  of  the  coal-measures  nearly  east  at  1 1°,  so 
that  the  {ormet  have  a  greater  inclination  than  "the 
latter.  Coal  measures  with  two  seams  of  coal  were 
leaebed. .  Supposed  to  be  the  **  Jaeo  fonr-feet  and 
•even-feet  mnies.**  ■  ' 

At  HaydAek  Golliei^,  near  Newton-in  Hakerfie^ 
Lanc*8hire.^Hiie  eouthoni  boundary  of  the  coalfield 
is'a&alt'ef  196-ywda  (bringing  In' the  New  Bed. 
Sandstone).   Underneath  this  -ifanuiatieii''tiro  seunr' 
(L^'s  and  Potatoe  Del&)  at  the  top  of  the  St.  Helen's 
series  have  been  followed  southward^  dipping  S.EL , 
tA  a  moderate  angle  of    to  10*. 


At  AshtMi  Ghreen  Colliery,  near  St  Helen's,  tne  m 
die  shafts  goes  16  yards  timmgh  New  Bed  SaadatoM 
into  ooal-measores.  Coat  was  reached,  being  one  d 
the  upper  seams  of  the  St.  Haki^a  district.  Dip  of 
New  Bed  Sandstone  8.E, ;  that  of  eoal-meaflanf 
&  16  £.  neaify. 

LEICBSTBBSHmB.  • 

At  the  Coton  Park  estate,  about  half  way  between 
Ifintoi^  anj^  C^n  Park  House,— Benrond  the  weaton 
bpundary  ojf  the  Moiia  coalfield  a  bbrlng  was  laaAf 
in.l8Ci2  in  search  of  cofd,  under  the  superintendenee 
ott/b.  Jilleit,  minii:^  engineer  of  Derby,  gjyjpg  tbt 
following  results : — 


ft. 

ins. 

rRed  Marl 

110 

0 

J  Lower  Keaper  Sandsttme 

57 

6 

]  Conglomerate  and  TeDov 

^    Sandstone , 

24 

0 

Breccia  i- 

30- 

0 

Coal-measures 

48 

0 

Fionr  feet  coal  - 

4 

0 

Measures    *  ... 

204 

0 

Mun  coal 

13 

2 

472 

S 

•  (6.)  DiMaoee  fimtt  codlSeld  1^  i^le.  Dip  e^fat, 
pn^bly  westward.  The  coal  msms  ar^  labo«e  of  the 
Moira  district. 

'  At  BririlngAteColtiet^,  near  Bnrton-sm^nVent,  ike 
fenowing  eeethm  was  fontd 


^ias.    Lower  Keuper  SutdstoDe 
'Coid  measures  '  -  - 
•  Angleeeeooil 


ft. 

39 
111 
5 

155 


(6.)  Position  dose  to  the  north-wee  tern  edge  of  the 
LiBicestershire  coalfield. 

(8.)  The  dip  of  the  Trias  is  westward  at  5**-10^j  thit 
of  the  coal  measures  S.E.  (10.)  There  is  some  doaU 
concerning  the  identity  of  the  Anglesea  coal  with  ihoat 
of  the  a^oining  coidfield ;  but  it  is  probably  the 
same  &r  the  Woodfield  seam. 

(14.)  At  the  Brislingcote  Colliery  the  Anglesea  cot! 
was  worked  up  to  its  crop  or  temunaMofl  agiunst  tke 
ba«e  of  the  New  Red  Sand^ne  west  of  the  ^t. 

^t  Old  Stanton  Collioy,  near  Burton -oh-T^vnt, 

,  .i^llowing  B&ction  was  found  : — 

C*         '  .       '   '      ■  '  .  "  ft. 

lev  Red  qonglomerate.  ,>      '       :  46 
l-measures 


ver  coal  (main  seam) 


■  V.I 


88 

6 

84 


The  New  Red  ,  Sandstqiie  is  n^a^y  Wiaontal : 
the  dip  of  the  ,  coftl-jj^^vw-f  aoai£h-easteriy. 
(100  Thri  over  coal  iis  the  upper  "pdrt  of  the  mah 
coaTpf  Moril^ separated  fitHn  the  ''Ndlier'*  by  60 
feet 'of  strata. 

In  the  Coleorton  or  eastern  district  of  the  Leicefter* 
ebiire  «<i»l-'fleld,  the  npper  pMiktas  of  the  WhHwiei; 
Snibston,  Ibstock,  and  Bagwortih  oolWy  shafts  pw 
throqgh  tlie  Red  Marls  and  Lower  Eeupar  Sandsbne 
of  the  Trias.  Sections  of  these  binkii^  will  be 
found  in  sheet  19  of  VertiMl  Seetkmi^  pnUiahed  bj 
the  Geological^Sorvey. 

14.  In  the  Coleorton  district  oi  the  Leieeettfsfaire 
coalfield  the  coal  seams  rise  towards  the  west  at  4' 
to  6°,  while  the  New  Red  Sandstcoie  has  e  •wbtj  aii^ 
inclination  towards  lh%S.SJB«  |200li^pittitlT  die  cod 
seams  rise  and  basset  against  the  under  snr&ee  of 
unconfi)nttable  beds  oS  the  New  Bed  Sandstone. 

(16),  .  (ai).  In  Leicestershire  the  coal-measans 
ue  quite  unconformable  with  PenoiaA  and  Trias; 
&d  denudation  has  been  can-ied  giwteh  ■i^ 
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beffffe  the  deposHimiof  (ha  Istter  formations  that  ihey 
are  to  be  found  reatmg  mdiscriminately  upon  the 
kigbeet  bed  of  the  coal-iueaBureB  iji  that  distxiot^  and 
npc»  Uilbtene  Grit  and  Carbaoiieiwu  Limeatone. 

huMAjmnat  akd  Omiaunwe. 

14.  A  bed  of  calcareous  heamatite,  beltmginf;  to  the 
upper  coal-measoresy  cn^s  up  against  the  bottom  of 
the  Permiaa  forpution  at  Fatricroft  coUieiy,  near 
ACnachestw. 

14.  There  are  several  examples  in  this  district, 
(a.)  At  Brislingcote  coUEery  the  Angksea  coal  was 
worked  westward  to  its  basset  against  the  base  of  the 
New  Bed  Sandstone. 
■  (b.)  At  Whitwiek  cbUiecy  a  «eam  of  coal  bassets 
against  the  bottom  of  a  bed  of  Greenstone,  jotibably  of 
Permian  age,  which  overlies  onconformably  the  coal 
measures,  and  is  itself  overlain  by  New  Red  Sand- 
stone. ,  The  coal-seam  is  turned  into  cinders. 

(c).  At  Heather  colliery  the  cod-seams  were  found 
to  rise  to  the  west  and  basset  against  the  base  of  the 
New  Bed  Sandstone. 

LAHCAflHIBB. 

21.  (a.)  Permian  beds,  consisting  of  Bed  Sandstone 
overlaid  by  Magnesium  Limestone  and  Red  Marl,  are 
found  resting  on  Millstone  Grit  at  Skillaw  Cloogh 
near  Bispham  and  along  Bentley  Brook.  At 
Boach  3ridge^  N.W.  of  Blackburn,  strata  of  yellow 
and  brown  sandstones  and  red  marls,  probably  of 
Upper  Triassic  age,  are  found  resting  on  Toredale 
shales.  The  unonnt  of  denudation  in  the  district  has 
been  no  less  than  10,000  feet  in  the  former  case  (a), 
and  13,000  feet  in  the  latter  (ft),  as  may  be  under- 
stood by  the  following  estimates  of  -  the  thickness  of 
the  Carboniferous  ro^  in  this  part  of  Lancashire 

Feet. 

1.  Upper  coal-measures  -  2,000 

3.  Middle  -  -  -  -  3,500 
8,  Lower     .  -         -         -  1,800 

4.  Millstone  soles  (near  Blaok- 

.  bum)       -         ...  5,000 

5.  Toredale  series  (part  of)     -  2,000 


14,300 


Then  facts  are  in^rtant  ae  bearing  -on  the  ques- 
tion of  ike  presence  or  abeenee  of  coal  under  the 
newer  formations  in  the  valley  <tf  the  lUbble  and  along 
theLmeashire  seaboard.         Evidence  p.  4) 

Lahgashibe  and  Chebhibe. 

17«  (a.)  The  boundary  of  the  Cheshire  coalfield  at 
Foynttm  is  a  fault,  causing  the  Permian  and  Triassic 
fmmations  to  abut  against  the  coal  measures.  The  fault 
has  been  pierced  at  Lord  Vernon's  collieries  under 
the  .superintendence  of  Mr.  GreenweU,  *F.G.S.  A 
coal-seam  and  red  strata  unknown  in  the  adjoining 
coalfield  were  found,  all  much  iractured. 

This  iiaolt  (called  the  red  rock  fault")  increases 
from  north  to  south,  apparently  commencing  north 
of  Harden  Hall,  and  attaining  its  maximum  of  dis- 

Cment  at  Astbury's  limeworka  near  Congleton. 
the  Lower  Keuper  Sandstone  on  the  one  side  is 
brought  against  Mountain  Limestone  on  the  other. 
It  is,  however,  impossible  to  estimate  the  amount  of 
downthrow  exactly  from  the  fact  that  we  don't  know 
what  amonnt  of  unconformity  existed  between,  the 
GartKMdferons  and  Permian  or  Triassic-  rocks  before 
tiie  fault  was  produced }  .and  in  the  estimates  of 
the  amount  of  t^row  of  these  boundary  faults,  this  will 
always  be  an  iSement  of  uncertainty. 

(A/i  "Hie  eastern  boundary  of  the  Manchestet*  coal- 
field is  a  &ult,  with  aoine  appearance  of  having  been 
tiff,  as  described  by  Mr.  Binney,  F.B.S.  (Trans. 
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Geological  Sode^,  Manchester,  voL :  p.  51).  The  nil'] 
writer,  however,  questions  the  correctness  of  this 
view,  as  the  Red  Sandstone  on  the  downcast  side 
does  not  pwtake  of  the  character  of  a  shingle  beach 
formed  of  coal-measure  strata,  such  as .  might  be 
expected  if  it  had  been  deposited  against  a  snehing 
shore  of  these  beds. 

(a,)  At  Pendlebury  and  Clifton,  near  Manchester, 
the  eastern  boundary  of  the  coalfield  is  a  &ul^ 
having  a  downthrow  pf  over  3,000  feet  at  Bingley. 
It  ranges  southwards  Uuough  Manchester,  wnere 
the  throw  has  been  very-  much  reduced  in  amount 
In  1866  the  fault  having  been  ^^roaohed  too  olosetf 
in  working  **  the  Bams  coal,  tibe  water  brokft  into  Ae 
Clifton  colliery  and  flooded  the  mine. 

(d.)  The  lioundary  of  the  coalfield  at  Haydodc 
colliery  is  a  fault  of  125  yards.  As  already  stated  (p.  2), 
the  amount  of  the  throw  has  been  ascertained  in 
working  the  coal-seams  underneath ;  the  "  main " 
coal  bdng  brought  nearly  on  a  level  with  the  "  potato 
delf "  coal  by  the  fault. 

{e.)  The  western  boundary  of  the  coalfield  at 
Sutton  and  St,  Helen's  is  a  large  fault,  bringing  the 
New  Bed  Sandstone  down  on  the  vrest  side.  The 
throw  is  uncertain,  but  may  be  about  250  yards. 

(/.)  The  eastern  boundary  the  coalfield  at 
Presoot  is  a  fanl^  dimiBlaniog  southwards.  Ai 
^Isnead  it  is  {vobably  about  2^  yards  down  to  the 
east,  bringing  down  the  New  Bed  Sudstone. 

(g.)  The  western  boundary  oS  the  eoalfield  at 
Huyton  is  a  large  fault,  bringing  down  the  New  Bed 
Sandstone  on  the  west.  Near  the  fiuilt  the  coal 
meesnrea  are  much  broken  and  highly  Inclined.  The 
amouBt  of  the  throw  is  probably  a  maximum,  at 
Koowsley  Hall|  where  the  Millstone  Grit  is  lMX)ug]ii 
against  New  Bed  Sandstone,  uid  may  be  compnt^ 
at  400  to  500  yards.  The  fault  diminishes  southwards. 

(A)  The  boundary  of  the  coalfield  at  Bickerstafie, 
near  Ormskirk,  is  also  a  fault,  bring^g  down  the 
New  Bed  Sandstmte  on  the  west.  tSk  Ibrow  is 
nnoertun,  but  may  -be  800  to  40Q  yard& 

(s.)  The  boundary  of  the  smaU  coalfield  of  Croz- 
tath .  Park,  near  liverpoc^  is  a  &ult,  faringiiig  down 
the  New  Bed  Sandstone  on  the  west  side.  The 
amouiit  of  the  Hmnr  is  probaUynot  less  tfafm-  400 
yards. 

LsiOKSTKBSHtKK. 

The  north'eastem  boundary  of  the  Leicestershire 
coalfield  is  a  fault,  which  was  produced  before  the 
period  of  the  New  Bed  Sandstone,  and  prob^ly  at 
the  commencement  of  the  Permian  age.  It  is  an  up- 
throw to  the  north-east,  bringing  coal-measures 
against  Cambrian  rooks  of  Gli8niww>d  BVirest.  The 
boundatr  of  Ae  same  eoalfield  on  die  west  aide  is 
also  a  fiiul^  having  a  down-throw  on  the  west ;  this 
ftidt  opposite  Moira  has  T^^assie  beds  on  bodi  sides, 
and  the  throw  is  about  20  or  25  yards. 
'  22.  I  propose  to-^vide  tlie  answer  to  this  question 
into  two  portions,  taking  those  districts  first  where 
there  is  reason  to  believe  that  [roductive  coal 
measures  are  absent  beneath  Permian  md'  Triassic 
formations;  afterwards,  those  where  there  is  reasoi 
to  believe  they  are  present.' 

A.  WketB  Cloal-mauMret  are  eonsidned  to  de  . 

LxiTCASHIBlt. ' 

The  northern  outcrop  of  the  ooal-measuree  aqd 
millstone  grit  series  eoineidea  with  the  ri^  of  the 
Pendls  Chain  which  ranges  from  N.EL.to  S.W.  by 
f^ifanm  and  Bladcbom  to  Lathom  near  Ormskirk. 
Along  the  narth-westam  flanks  i)i  this  ridge  we  jfiiid 
Permian  and  Triasrac  beds  broa^t  in  by  a  fault  fro^t 
Iintbom  to  Whittle ;  and  tbe  qveetion  arises  wltetfasr 
or-not<  thfi>eoaI-meaaBr«a  are  «]ao  brooj^t  in  b^tite 
sameftnltbeiHaithlihoaoiMnvwfiiraiatiQnB*  Thewfurv 
IK  fortunately  not  difficult,  as  the  evidence  ie  cAear  and 
aliAOBi  oondnsivB.  ....  . 
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S  113  ^  dresdy  shown  (p.  8)  that  ia  three  phM»i) 
along  the  northern  flanks  of  this .  upriebg  ridge 
Fermian  and  Triaesic  beds-  are  to  be  found  resting  on 
Millstone  Grrit  and  Yoredale  rocks,  proving  that  the 
upheaval  and  denudation  of  the  Carboniferous  beds  is 
<^  old<^r  date  than  the  Permian  period ;  in  other 
words,  that  the  present  northern  margin  of  the 
Lancashire  coalfield  was  determined  immediately  after 
the  close  of  the  Carboniferous  period  itself,  and  that  the 
enormous  denudstiou,  estimated  above  at  10  to  13,000 
feet  of  strata,  took  place  before  the  newer  formations 
were  deposited.  Consequently,  allhougli  it  is  possible 
that  tho  coal-measures  might  roll  in  with  a  north- 
westerly dip  at  some  distance  away  from  the  Pendle 
ridge,  it  is  at  the  same  time  extremely  improbable, 
and  any  trials  in  search  of  coal  along  the  sen-coast  of 
Lancashire  as  far  south  as  the  northern  snburbs  of 
Liverpool  would  be,  in  all  probability,  so  mnch  money 
thrown  away. 

Seiropshibe  akd  the  Midlakd  ConNTiES. 

I  am  firmly  of  opinion  with  Mr.  Jukes  that,  ''whilst 
**  the  sea  flowed  deep  over  that  space  of  England  and 
"  Wales  where  the  great  formations  of  Old  Red  Sand- 
**  stone  (?)  and  carboniferous  limestone  were  in  course 
**  of  deposition,  a  narrow  promontory,  or  an  island,  or  a 
**  group  of  islands,  ran  in  an  east  and  west  line  across 
"  the  district  before  pointed  out i.e.,  a  band  of 
country  running  east  and  west  across  England  irora 
Leicestershire,  through  Warwickshire,  South  Stafford- 
shire, and  North  Shropshire  into  Montgomeryshire. 
What  Mr.  Jukes  regards  as  a  dialn  of  islands  may,  I 
think,  wiUi  more  prohabili^  be  considered  as  the 
ntn^hem  maivin  of  a  barrier  or  iathmus  which 
separated  the  Carboniferons  tracts  of  the  noi'A  and 
centre  of  England  and  Wales  fl-om  those  of  the  south 
of  England  and  South  Wales.  This  view  is  strength- 
ened by  the  fact  of  the  southerly  thinning  away  of 
the  coal-measures  and  millstone  series  of  the  north  ef 
England  ;  so  that  the  same  group  of  beds  which  in 
South  Lancashire  attain  a  thickness  of  14,000  feet 
(see  p.  3),  with  18  or  20  seams  ^of  workable  coal,  in 
Leicestershire  and  Warwickshire  have  decreased  to 
«bout  3.000  feet,  \sith  5  to  10  seams.  Now^f  this 
thinning  away  be  continuous  under  the  Triassic  beds 
to  the  south  of  Warwickshire,  which  is  highly  prob- 
able, the  result  would  be  that  the  coal-formation 
woiUd  actually  diaappew  under  parts  of  Northampton- 
shire. 

That  this  thinning  out  of  the  coal  measures  is  not 
an  accidental  circumstance,  but  the  result  of  the 
origipal  plan  of  formation,  can  (I  think)  be  very 
clearly  demonstrated  ;  and  this  demonstration  I  have 
on  more  than  one  occasion  attempted,  but  it  would  be 
out  of  place  here.  It  will  be  evident  according  to 
this  view  that  we  have  two  reasons  for  supposing  that 
coal  is  absent  under  the  Eastern  and  part  of  the 
Midhmd  counties  ;  1st,  the  barrier  of  Paleozoic  land  ; 
and  2nd,  the  thining  away  of  the  coal  measures 
themselves.  The  on\y  positive  evidence  on  the  sub- 
ject (I  mean  evidence  derived  from  actual  expwi- 
mrat)  is  confirmatory  of  the  above  views,  and  is 
derived  from  the  boring  at  Hwrwicb,  by  which  lower 
Carboniferous  slate  rock  was  found  to  imderlic  the 
Cretaceous  rocks^  the  whole  of  the  newer  Paleozoic 
and  older  Mesozolc  formations  being  absent. 

The  northern  margin  of  the  barrier  of  land  was  to 
all  appearances  very  irregular,  sending  out  promon- 
tories in  some  places,  holding  deep  bays  in  othere. 
I>uring  the  Carboniferous  period  it  was  undergoing  a 
general  subsidence ;  and  at  the  close  of  the  period  the 
upper  coal-measures  may  have  extended  right  across 
some  portions  less  elevated  than  others.  The  mai^in 
of  the  barrier  is  indicated  by  the  total  absence  of  coal- 
measures  in  some  places,  and  the  absence  of  all  but 
the  uppermost  measures  at  Alberbury,  Shrewsbury, 
Bri4genorth,  the  Lickey  Hill,  at  West  Bnnnwich  aod 
(MMbnry.  In  East  Warwickshire  the  ^sence  of  coal- 
moasures  may  be  inferred  by  the  ^pearance  of  bosses  of 
tnp  rising  through  the  Bed  Man  east  <^  Atherstone 


by  the  Syenite  of  Quomdoa  and  the  Camhrim  Ro^ 
of  Chamwood  Foroet  in  Leioestendiire  (see  nu^t). 
This  view  haa  reem%  ree^vad  s^kii^  confinna- 

tion  in  South  Staffordshire,  in  the  Au:t,  for  which  I  am 
indebted  to  Professor  Ramsay,  that  Messrs.  Dawes  in 
sinking  for  a  new  colliery  in  the  neighbourhood  of 
Hales  Owen,  passed  from  upper  coal-measures  into 
Silurian  shales,  the  thick  coal  and  lower  measares 
being  entirely  absent.  As  the  circumstances  connected 
with  this  experiment  are  likely  to  be  more  fnlly  de- 
scribed by  others  better  acqnainted  with  them  thaa 
myself,  I  need  not  further  allude  to  them. 

In  concluding  my  observations  on  this  bnmch  of  the 
subjec^  I  take  the  liberty  of  referring  fat  fuller  in- 
formation to  the  following  publications.  "  On  Iso- 
metric Lines,  and  the  Distribution  of  the  Carbonifooos 
Bocks  of  England  "  (Journal  of  thd  Geologu»l  Society 
of  London,  vol  xviii.,  part  ii).  "The  Coalifelds  of 
Great  Britain,"  2  edit.,  chapters  3  and  4  ;  and  aa 
article  in  the  **  Quarterly  Journal  of  Science,"  vol.  ii. 
entitled  <'The  History  of  the  British  Coal-Hea- 
sures." 

P.S.  Some  of  the  above  statements  hare  been 
repeated  by  me  in  more  detail  in  my  evidence  before 
the  Commissioners  several  months  after  the  above 
was  written.    (See  above,  p;  ) 

B.  DittrieU  where  eoai  might  be  found  **  if  the 
ehi^  or  boringt  were  ^ffietetUly  deep. , 

Chuhibb  and  Salop. 

That  coal  existfl  under  tiie  northern  portion  of 
great  plain  of  Cheshire  ia  a  favourite  speculation,  and 
one  which  recfflves  strength  from  the  foot  that  evoy- 
where  around  its  margin,  aa  far  south  as  MaccleafieU, 

the  Carboniferous  strata  dip  towards  the  centre  of  this 
plain  ;  this  wiU  be  seen  from  the  following  account  fA 
the  average  dip  in  the  tmdennentioned  locfdities. 


LocALiTixa.  Dip  oir  Strata. 

Lancashise, — Prescot         -  -  S.S.W. 

North.      St.  Helena         -      -  S.E. 

Aahton  Green  -  South. 

Haydock  -  -  S.S.E. 
Aahton  in  Makerfield  -  E.S.E. 
Bickerahaw  -  -  S.E. 
West  Leigh  -  -  S.S.E. 
Tyldesley  -  -  South. 
Worsley         -  -  South. 

Pendlebury         -      -  S.S.W. 
Manchester      -         -  8.S.W. 
Ashton-under-Lyne      -  AVest 
Chbsbibe. — ^Dnkinfield         -        -  West. 
East.        Haughton  Green         -   W.  15  N. 
Bredbury         -        -  West. 
Poynton         -  -  West. 

BoUington        -  -  West 

Congleton  Edge  - '  E.S.K. 

North  Staf-  Talk-on-the-Hill  (west  of)  WesL 
FOBDsfUBE.   Audl^      ...  West, 
a  East.     Madeley      -      -      -   West  and 

South. 

Keel       "         -        -  &W. 
Flintshibe. — Mortyn         -  -  E.N.E. 

West.      Bagillt  -  -  N.E. 

Haywarden   -  (average)  East. 
Denbigh-    Wrexham  district        -  East. 
SHiBE.      Ruabon       -  East. 

Oswestry  -  -  East 

The  same  rule  applies  to  the  coal-measures  d 


Alberbury  and  Shrewsbury,  but  as  theses  beds  sre 
only  the  upper  and  margin^  representations  of  the 
formation,  they  are  of  HtUe  cramomie  impca^oe. 

In  my  evidence  I  have  shown  reaMma  for  sopposbg 
that  there  is  no  coal  under  a  band  of  country  stretdi- 
ing  east  and  west  under  the  centre  of  the  (^wshire 
plain  near  Crewe.    (See  map.) 

23 — 24.  Owing  to  the  irreguhuity  and  shallowness 
of  the  original  cotd-baain  under  the  southern  limb  of  the 
Che^re  and  Salopian  plun,  th^  is  much  uncertain? 
T^arding  the  pre8ei.ce  of  good  aeuns  of  coal  Ukere. 
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Under  the  nordieni  portion  of  tibe  pliin,  the  oo>l 
beds  which  probiibfy  exist  are  eorered  strata 
which  may  be  estimated  from  5,000  to  6,000  fieet  in 
thickness ;  bat  there  is  a  tract  extending  from  Man- 
chester westward  along  the  valley  of  the  Mersey  by 
Lymm  to  Chester  and  Wrexham,  and  northward  to 
the  promontory  of  Wural  and  Liverpool,  where  coal 
may  probably  bo  readied  at  an  average  depth  of  4,000 
feet.  The  following  are  the  maximum  and  minimom 
thidmesses  ike  orerlyihg  formations  in  this  part  of 
the  diatriet 


Lahcabhdub  avd  CBBSaXBX. 


Max. 

Lower  E^er -Sandstone  -  -  450 
f  Upper  Mottled  Sandstone  700 

Bunter^  Pebble  beds  -  -  750 
[Lower  Mottled  Sandstone  700 

re™i-{£r  :  :   :  IS 

Coal  measarei^  upper  series        -  2,018 


1Gb. 

350 
500 
500 

50 
20 

1,500 


4,910  2,920 
A  seriona  obstacle  to  the  sinking  of  sh^ls  in  this 
district  will  be  the  large  quantities  of  water  both  in 
the  Triassic  andPemuan  sandstone!),  and  it  is  probaUe 
that  in  order  to  win  the  coal  it  will  be  found  mors 
practicable  to  drive  ^  down-brow  **  drifts  in  the  coal- 
seams  from  cdlieries  situated  on  the  mai^in  of  the 
eoalfleld  rather  than  sink  through  the  ovwlying 
strata* 

Staffobdshibe. 

22,  23,  24,  I  consider  it  almost  certain  that  coal 
wilt  be  found  under  the  large  tract  lying  between  the 
North  Staffordshire  and  South  Staffi>rdshire  coal- 
fields, and  westward  to  tiie  Shrc^ahire  coalfield, 
north  of  a  line  drawn  from  Stourbridge  to  Madeley ; 
of  this  disbiet  Staffi>rd  may  be  consi&red  the  centre 
and  in  this  ndj^bourtHNMl  the  blowing  will  be 
found  tike  apiwoxiinate  thiAnesa  at  the  overlying 
strata:— 

Thickness.  Feet 
StaiM.  Max.  Min. 

BedHarl        ...   1,000  500 
Lower  Eeoper  Sandstone        •      200  150 
New  Bed  Sandstone  and  Conglo- 
merate        -         -         -      800  500 
Lowo'  Permian  (Sandstone  and 

Marls)     -         -      -       -      600  500 
UppOT  coalMneasures    -        -   1,000  500 

8,600  2,150 
There  are  several  places  in  the  neighbourhood  of 
Market  Drayton  and  elsewhere  in  which  the  Per- 
mian formation  reaches  tiie  sur&oe,  and  in  which, 
therefore,  coal  might  be  reached  at  a  depth  of  2,000 
foetorleaa. 


Warwickshire  and  Lkickstxbshibe. 

Coal  will  also  be  found  west  of  the  Leicester- 
shire coal-field  (see  Coton  Park  bnings,  p.  2),  and 
between  it  and  the  Warwickshire  coalfield,  and  over 
a  large  area  between  this  and  the  S.  Staffordshire 
coalfield.  But  there  is  a  great  uncertainty  r^ard- 
ing  the  existence  of  good  coal-seams  south  of 
an  irregular  line  drawn  south-east  through  Birming- 
ham. 

Over  this  tract  the  thickness  of  the  overlying 
formatiim  is  extremely  vuiaUe,  depending  on  loc^ty. 
Along  the  margha  <»  the  Warwickshire  ooalfield  the 
Bnnter  Sandstone  is  absent,  while  it  attains  a  thickness 

of  1,000  feet  or  more  near  Birmingham.  The  Per- 
mian formation  is  of  great  thickness  near  Birming- 
ham, but  along  the  borders  of  the  Leicestershire 
coalfield  is  very  sparingly  represented.  Under 
these  circumstances  it  is  vain  to  attempt  any  esti- 
mate of  an  average  deptli  to  the  coaL  I  tho^ore 
give  ihne  examples 

(a.)  Between  Rugl^  and  Leieetterthire  Coal' 
jleld. 

Peet* 

Bed  Marl         -         -         -  600 
.   Lower  Keuper  Sandstone  -  100 

Buuter  Sandstone  -  -  250 
Lower  Permian  -  •  -  150 
Upper  ooal-measures  (0  to  1000)     500  (mean.) 

1,600 

(ft.)  Dutriet  touthof  Coleorton* 

Feet 

Red  marl  -         -         -  500 

Lower  Keuper  Sandstone  -  150 

Coal-measures         ...  200 

850 

(c.)  Between  the  Warmckthire  and  S,  Stafford- 
$hire  Coalfielde. 

In  this  tract  the  Permian  fimnation  has  been 
estimated  by  Mr.  H.  H.  Howell,  F.6.S.,  at  2,000 
feet,  while  it  is  both  nncmfwnuUe  to  the  coal 
measures  below,  and  the  New  Bed  Sandstcne  above. 
Hie  maximum  thiokness  of  the  fimnation  is  as 
follows : — 

Feet. 

BedHarl         -         -        -  600 

I<ower  Keuper  Sandstone  -  200 

Banter  Sandstone  ...  600 
Lower  Permian  beds  •>  -  2,000 
Upper  ooal-mearares      -        -  1,050 

4,450 

Tha  avenge  will  be  conddmbly  under  the  above. 

Geok)gical  Survey  Office,  Edwabd  Hull. 

12  April  1867. 
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Note. — To  these  repHea  mors  can  be  here  added  if  any  are  ewU  in. 


J.  F.  Cai[PBell» 
JvMe  26t&,  1868. 
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FBOOBBDINOS  OF  COMMITTBB.  E, 

_  B.  ■ 

Committee  on  MvneTul  StoHeticf.   (Wi^  Pcnoer  to  take  Svidence.) 

^ .  r  :.1..3ir.'Bf»9ntICK  I.  Hoi^aHlsoN,  But,  &c       16,  Belgrare  j3qQM«.  . 
2.  Robert  Huht,  Esq.,  F.KB.,  6,  Green's  Bow,  Ohebea, 

Tvme  €md  Place  of  Mee^mg  to  be  faed  by  ike  Committee, 

Sept,  11th.— This  Committee  did  not  hold  a  special  Meeting,  hat       Hunt  is  engaged  upon  a 
prartion  of  the  work  which  he  is  able  to  do  wildcat  iha  asaistHnoe  which  he  wiU  ultimately  leqtdie. 

Sept  I3th. — No  time  fixed  for  the  First  Meeting. 

October  9th. — This  Committee  lield  k  in^ti^.  ^6  ^Hudilnan  stated  that  Mr.  Hunt  had  obtained 
a  great  deal  of  statistical  information,  and  had  jnepazed  an  estamaie  of  the  probable  expense 
attached  to  the  employment  of  ooal  TiewBrs,^  hi  -ubrding  to  the  Commiasion  afl  the  knowledge 
which  th^  pQM^  *i?i^.<^  MSOiwLtqf.inpTnivagjl^t  ooal  tMr.xespec^n.djstEioU, 


.  I'   "  J     n.'  1. "  I 
FBBBERT: 

1.  Sib  Boderick  I.\UD^RCHi8<ni';'1i:'  Sift  WuiitAH  liBUSTROsra ;  3.  Mb.  Pbxstwich;  4.  Mb.  Jtheb; 
5.  Mr.  Fobstkb  ;  6.  Profbssor  Bamsat;  7'  UK.  DiCEbreoK ;  8.  Mb.  Woodbodob ;  9.  Mb.  Qmom. 

1.  The  Secretary  was  directed  to  have  the  following;  dreolat  printed  in  the  prooeediiqrs  (aea 
OireUUir  K  I.).   ...       ,  ...   


]^,— 3rd  Meeting,  Jfoveniber  S,  erf  1  pjl. 

Pbbsent  :  ^e  Members  who  were  at  the  last  Meeting  of  Committee  D.   See  page  D  1. 
,  1.  The  minutes  of  the  7th  were  read,  and  the  letter  and  table  were  read,  considered,  and  altered. 

The  Secntaxy  was 'greeted  to  havQ- 1;<^0  copiM  and  table,  and  l.OOOof  tha'Com- 

ttismon,  printed  aa^  detivered-to  the  COianm^ 


R*^jtfes^0HAe8AtJa«iMry  1867.  * 

J  " '   '  '  '  '*    "   Present  r 
'  1;  8iB  Roderick  Mttbchison  in  the  Chair ;  2.  Mb.  Bobsrt  Huht. 

BePOBT  of  PBOGBESa. 

SODTH  SurfOBOSHiBX  Tinted. 
Berised  production  of  1865. 

Determined  Distributicm  in  1865. 

„        Quanldties  of  ooal  need  in  iron  woriu),  brass  works^  day  works,  fto; 

Norte  AVixes  visited. 

Bevised  raoduction  of  1865. 

Determined  distribotioiilirTSGff."  — ^  ■ 

„         Quantities  of  coal  need  in  iron,  zinc,  and  lead  woirks,  potteries^  ise. 
Organised  plans  for  receiving  full  returns  of  the  same  kind  for  1866. 

RA.ILWAYS. — AQ  the  great  ooal  carrying -companies  have  been  written  ta  Thiey  wiU  give  the 
Commission  the  quantities  of  coal  carried  by  them,  and  the  quantities  left  at  eadi  station  on 
Uieir  lifiea,  or  transferred  to  other  lines,  and  used  by  themselves. 

Sheltino,  Iron  and  Lead. — Many  returns  are  received,  giving  full  information  of  coal  used. 

Steak  Vessels. — Betums  son^^t  for  in  a  few  cases,  and  received  to  the  extent  of  198  ships 
r^nresenting  a  tmmage  of  2ft6,297. 

Qas  'WOBS& — All  the  metaopoUtau  ^^ks  are  communieated  with,  and  some  letmns  obtained. 

MlscELLAiTZOUS. — Exports  of  cq^     x  out  &om  each  great  ooal  field  linoe  1866.   Actual  sales 

of  coal  by  many  of  the  coal  a^^^  ^tio^  1844. 
IThns  we  shall  eventually  >ppi'tiv^^^y         ^        biatory  of  oiur  coal  trade  over  a  long 
pedod  of  years.  ^Qt^^ 
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E  2«       Sereral  Water  Wobes,  Brass  Kani7factubes>  Qlass  Makers,  and  oi&ers  have  nude  retoni 
of  the  ooal  used. 

Corporations. — Birminghain  and  Kiddemineter  have  retamed  tbe  number  of  tteam  engme^ 
-with  horse  power,  used  vifhin  their  distriete.  Other  corporate  bodies^  tbrongh  their  Borvejon^ 
have  promised  simihir  returns. 

The  Secretary  was  directed  to  hare  the  following  cironhtr  and  queries  (sse  CweuUur  JB,  2.)  printed 
760  copies  as  soon  as  possiUe,  and  1,000  copies  of  the  Commisnon,  £at  cirealation. 

(I^ed)        BODBBICK  UVRCSISQir. 


K. — 5^  Meetimg  on  Febnuvry  12£&,  1867. 

PRESENT  : 

1.  Sm  BODEBICK  I.  HintCHiBON,  Bart,  in  the  Chair ;  2.  Mb.  BobBBT  HonT, 

Report  or  Pbogress. 

Ois  WoBxs. — ^Betnms,  many  of  them  rerj  oomplet^  cootiimft  to  be  fiimished  in  answer  to 
appIieation& 

Colusbieb.— Beplies  to  Circnlax  £.  1.  are  coming     and  in  most  GMOi  they  aie  satisfiMJtoiy. 
laoN  WoBKS.*— Several  of  those  have  fimiished  retnins. 
Stmaic  TBSSELa— Cireolaxs  not  yet  issoed. 

Bailwats. — The  London  and  North-western  and  the  Great  Western  have  famished  returns. 

(Signed)      RoD.  1  MuitCHisov. 

See  CvreuUx/n  £.1.  <md  £.  2., printed  <^ <md parH(Uly  d^eiribuiUd. 


Note.— It  was  decided  to  pkoe  the  reiK>rts  together.  According^  the  Beport  of  Committee  £ 
as  prepared  by  Mr.  Hunt  was  placed  in  vol  I.  It  was  afterwards  settlea  with  Mr.  Hunt  and 
wiw  Sir  W.  Armstrong  and  Committee  F.  that  it  would  be  better  in  all  ways  to  place  the  whole 
of  the  work  of  Committee  £.  in  volume  III.,  to  be  arranged  according  to  the  instractions  of 
Mr.  Hunt  The  five  meetings  of  which  the  minutes  are  giv^  above,  were  formal,  and  after 
Februaiy  12,  1867,  the  business  was  left  entirely  to  Mr.  Hunt,  who  worked  at  the  Museum  of 
Fraotical  Geology  in  Jermyn  StieeL  The  work  of  ih«  Secretaxy  oonsisted  in  executing  the 
requirements  of  Mr.  Hunt  as  to  stationeiy  and  printing  and  financial  correspondence. 

J.  F.  Campbell, 

July  26, 1871.  Secietazy,  £. 
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(OfrauZor  J?  1.) 


Cknnmittee  on  IGneral  StatutioB 
(Boyal  Coal  Commiarion), 

Boom  O,  Home  MLorda 

Wk  are  directed  "by  the  fioyal  Co&i  ComnuMioii  (of  which  ve  fonn  the  Cotiunittea  Voh 
Jliinercd  StoHsHcs,  E,)  to  invite  ^on  to  Aunidi  na  irith  lepliea  to  the  following  qaesUona.  In 
■olimting  yonr  attention  to  this  unportant  divnon  of  this  national  enqniiy,  we  omt  to  assare 
jon  that  it  ^  not  the  intention  of  I^CommisBion  to  publish  in  anyfbm  tkt  deUdUa  etateTnente 
ftrmtHtd  from,  individual  eoUifiriea.  Tbjox  only  object  is  to  asoertain,  with  all  possible  accuracy, 
theprodnction  of  coal  in  tiie  various  coal  fields,  and  tiio  uses  to  which  that  coal  is  applied. 

The  Commissioners  have  no  doubt  that  the  infimnation  you  can  fiunish  will  be  <Kt  gnat  aervioe^ 
and  enctoae  fbr  pxva  ooniEddenition  a  eapy  of  the  Ketpl  GomininUm  under  whioh  iSasy-  Mt. 

We  are,  Sirs, 

Toor  obedient  servants, 

^DEftlCK  1  HUBOHiaON. 

BoBEBT  Hunt, 

3%M0  gumiea,  to&m  amtuiered,  tmd  aU  inqvMe$  rdtOufiff  to  ftem>  ehcM  he  $&nt  oddreamdF^ 

"Boyal  Coal  Oommission,''  Committee 

MusenmofFractioal  Geology, 
Jenny  11  Street, 

Xjondoo,  SiW* 

Coal  Pboduotioh  and  Cohsdicptiok. 


E8. 


Tor  tht  Tear  isce. 


1.  The  name  and  sltnation  1 

ofeollieiy       -  -/ 

2.  The  name  of  firm  or  indivi- 1 

dual  working  the  colliery  / 

8.  The  total  qnaDli^  of  ooal  raised  in  slatale  tons  of 
2,240  lbs.       -         -         .         .         .  TcmB 

{R  will  be  imporUmt  \f  tmnatn  can  he  eb~ 
latnetf  aeeomtff  9o  meJbUowSttgfonik^ 

4.  The  distribution  of  the  coal  from  above  cidliery : — 

(a)  doUiery  consumption  (enj^nei,  fires  <a  bank, 
allowance  or  workman's  ooal,  u  anj) 

(6)  Used  in  iron  wwks : 

1.  Blast  finnaces 

2.  ICOla  and  forges  - 
8.  Foondriea 

(«)  Used  in  metaUie  mines 
(lO    Do.    smelting  wwks  (other  tiian  iron) 
(e)     Do.    lime  burning  - 
(/)    Do.    potteries  - 
{g)    Do.    briek  and  tfle  works  - 
(A)     Do.    gas  mannfiurtore 
(t)     Do.  waterworks 
{})     Bo.    mills  and  fiKtories 
(A)     Do.    other  mann&etores 
(£)  Lahdsals  fcx  dcnnestic  and  other  uses* 
(»)  Used  in  making  dl  - 
&  The  quantity  sfeosIcdM? 

6.  Bo.       used  for  Bailwat  pdkposbs 

7.  Do.  by  Stsamships  : 

1.  Coat^  trade 
S.  Oeemtrad* 

8.  Whatqnantityef this  coalwas  sent  ontoftiiedistrlet by 

nulway  or  canal? 

9.  If  sent  to  ports  for  shipment, — 

1.  Sxnw  much  exported  to  foreignpartet 
8.  Anr  mnch  sent  eoaeiw^ef '  - 


***  I«adnle'' ii  andentood  to  USUI  an  east  sad  desk  Mat  oC  MTtt. 
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E  4.         {dnuiaiif  M  %)      -  Boxal  Ck>AL  Couossiok, 

Qpnupittee  oa  Minaral  StatintifB,  K. 

1867. 

Wi  are  directed  by  the  Bo^al  Coal  Commission  (of  whkh  ve  fonn  the  C(»uiiitt«e  m 
Jfiwamf  fSMutioBrf*)  to  invite  you  to  funush  us  with  such  information  as  -wfH  enable  us  to 
determine  the  qrantiiy  of  Bfitiah  oool  used  anpnally  by  tiw  Qocuting  and  .Qopfm  aieam  veaaeU  of 
the  X7mted  Kingdom. 

To  ensoEe  unifbrmity  in  the  returns,  the  following  quesUons  are  submitted  to  your  attention. 
We  enclose  a  copy  of  the  Commission  under  which  we  aot»  and  confidently  rely  <m  zeoeiTing  your 
aid  in  determining  this  impOTtant  questitm. 

Tour  obedient  SerrantB. 

BODBBIOK  L  UuBCBiaON 
BOBBBT  HUKT. 


.  L  BfgiflUKed  Naii|e  of  Company  or  Owntti. 

1  Number  of  Steam  TeeBftls  employed  by  the 
Ooropany  Owiienk 

8.  Qnm  Tonnage  of  the  mne. 

4  If  Oeean  Steanitn  or  Oocutfimg  TesMia. 

5.  Port  or  Porta  fiom  whioh  Sailing. 

6.  Quantity  of  Coal  in  StcUwte  Tons  consumed 

on  the  outward  voyage  in  the  year  1866. 

7  The  varietieB  ct  Coal  employed — diS^in- 
from  vki4!h  obtoMud, 


8.  State»  if  on  the  letum  voyages  British  Coal 
is  used,  from  what  depdt  obtained,  and 
quantity  of  Coal  taken  ;*  or  if  not/  the 
name  of  the  Colony  or  Foreign  P<vt 
from  which    haa  been  derived. 


These  fueriw,  toAen  cumoered,  and  aU  injjwirMS  rtMng  to  tAem»  should  he  amt  add/naaed^ 

Boyal  Coal  Commission,  Committee 

Huseom  of  nraoUcal  Geology,  ' 
Jermyn  Street^ 

IiOBidon.aW. 

*  This  informatioa  ii  espedallf  reqnfaed  to  dbriate  the  dijleoity  arising  fixm  tiie  drcnmstanoe  that  tUs  Gbal 
win  have  appeared  is  oar  co^orta  to  the  Goloaifli  and  Fteeign  Ports. 
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I  N  D  E  X.  ■  ■  ' 

[ThiB  ia  intend  to  indicate  niUeoto  and  penou  and  dImm  rather  than  wordi  whidi  noari  Manf  iibitoto  af 

enaenoe  are  giren  under  uie  names  oS  tiie  witneeaee. 
Bj  doire    the  Duke  of  Aisyll,  Mid  nnda  dfanotionfl  from  the  Secrcteiy,  prepaxed  hj  Mr.  Hector  "trrliro  cl 

.  Babviaat,  Ulud  of  IbI^. 
.    CSroiibiied  Febnuiy  Snd,  187Q..  Flnii&edby  ^.  V.  OMi^Ml,Seait^  fl«p.68L3 


N J^In      Index  tiw  figniei  which  follow  the  kttan  P.,  A,  B,  G,  D.  reftr  to  fh*  pagct,  and  thoM  wliieb  iUlmr  *  q," 

to  the  nmnban  of  die  qnef&nu. 


engoHi.  B  66, 


ASAlTDOmD  COLUBWTI 

More  lullalile  tut  pofbRDing  experinunrte  on  teuuNeaF 
tnrc^  in  order  to  airire  at  aoonrato  nnilti, ,  A,  S/j 

q.413. 

Abmobhal  CoHDinoNfl: 
Of tanpcvatoieiniainaB.  A48i,q.86S. 

Abbbbuit  HiLLa: 
Pumian  looka  nitingi  190a  tiie  SQanen  fodka.  D  26, 
q.  325. 

AbBBDABB  CoLLIBBYt 

Steam  ooal  at,  more  nutable  for  blast  fbmaoes.  C  19, 

q.  567. 

Gaa  giTen  off.   G  2\,  q.  613. 

AOBCBOFT  GobLIBBT: 

Bin  mine  a^delerianttonftf  coal.  0  9,  q.  3ltt. 

AiiBicvLTVUL  Soonrri 
Break  used  in  lertiBg  the  powar  of 

q.  1278. 

A1BWAT8 : 

Increaung  them.   A  11,  q.  115-116. 

l,300.000^bio  feet  per  minute  anffident  to  dilute  tiie 

heat  fpven  off  ^  the  mine  to  make  the  mine  woik- 

able.  A  19,  q.  Sn^  Isdating  the  ur  /hna  the  ndea 

and  roof.  A,  33^  q.  494. 
Tempaatmw  in.    A  38,  a.  608.  A  43,  q.  732.  A  43, 

q.739.   A  48,  q.  877. 
Non>eonduetixig-aiunhcea  made  to  them.  A  52,  q.  966. 
Sum  of  the  areaa  of  airwsTa  mnat,  be  made  of  one  fourth 

of  tlie  sectional  ana  of  the  prapoeed  laiger  one.  A  56- 

56,  q.  1019.   Suitable  dimenaionB  of  Hrwaja,  A  56, 

q.  1(81-1044.  AticmKm. 
When  onoe  thejr  Iiave  beoome  cooled,  temperature  keepa 

very  umfonn.   A  103. 
Bnfflciencj  of  air  a  question  of  their  kWfteneas.  C  4, 

q.  62. 

MnUiplTinff  Aobb  aid  inflteaeing  tticir  anas.  A '68, 
q.1lM4rl066. 

AiB  CouBSBat 
A43yq.7S8.   A46,q.d08.  A4fi,q.818. 

AkB  BIachinbs  : 
Advantages  of  uBBg  tium  for  tlie  parpoee  of  Tonl3atin|r 
ndnM.  A367q7660-663. 

An  Sum : 

A  38,  q.  617-618. 

8m  Latbbal  WouciMoa. 

AlX-i.A-GBApn.u- Coal  Baitd: 
nnbaUr  equal  in  hnadflh  to  &e  WestphaliMi  barin. 

D  14,  q.  OS. 

Albxamdbb,  William  : 
Svidenoe  <k.  C  46-63.  Stoop  and  loora  attended  with 
the  loss  of  one  fonrth  of  the  ooal.  G.  47,  q.  1340. 
Indination  of  beds  of  ooal  has  no  effect  In  encounurixig 
or  dieootmfiiiig  the  kmg-wall  woikiiig.  0  47,  q.l36C 
In  his  opinion  oy  long-wall  working  where  there  is  a 
number  of  seams  the  weight  oould  bn  modified  to  suit 

any  depth.  C'*'»-'«'=   

the  best  lever 

G  49,  q.  1391.   a/dbuwmi  vm  a|t 
to  pillar  aad  stall,  and  itoep  and         ^atamg.  C  '60, 
q.  1428.    Long  F^I         .  t  V^ij^^l^WB  oi 


theamttatmnofcitfnaanfeUnffwoikad.  C61, 

q.  1476. 

Fortheanmoitofn  shaft  or  building,  has  never  found 
that  an  allowance  ctf  &Tard  to  the  nthom  wae  insnfi- 
cient.     C  62,  q.  1481. 

Allan,  Jaubs  Bbandb  : 

Evidence  of.  A  84-89.  His  experienoe  extends  from 
the  Cape  of  Good  Hope  to  Borneo.  A  84,  q.  1676. 
Higheet  temperature  he  ever  experienced,  120^  to  \W* 
was  on  the  South  Coast  of  Africa.  A  84,  q,  1676, 
Says  diia  temperature  was  exhilantiiig,  providing 
enough  of  water  was  drunk.  A  84,  q.  1681.  Watcbad 
the  effects  of  high  temperatures  on  500  Chineso 
labourers  in  the  various  parti  of  Borneo  up  to  Jam 
and  in  the  Isle  of  France.  States  that  when  they  wcce 
supplied  with  water,  during  high,  dry  t^peraturether 

.  worked  with  the  greatest  possible  fiiciMty,  birt  ,^at,  it 
low  moist  heats,  tiie  labour  would  be  paf<nmed  with 
difficulty.  A  84,  q.  1688.  Thinks  that  the  only  agency, 
tiut  can  oQunteraet  excessive  heat,  is  evaporation  from 
the  akm  and  from  the  kinga.   A  84,  q.  1686. 

Tbinks  that  the  tempemture  of  the  living  body  does  not 
rise  to  that  of  the  sumnindiog  air  at  a  nigh  tem- 
perature. A  84,  q.  1690.  That,  within  certain  limits, 
men  could  w(»k  in  a  tcmperatnre  100^,  w^  the 
ur  saturated  with  moisture,  espedally  if  the  air  were 
kept  moving.  A  86,  q.  170I-I710.  Opinions  with 
regard  to  the  temperature  of  the  human  body  behig 
raised  above  the  normal  tfemperatnre.  A  65,  q.  1711- 
1720.  Lkbting  fires  to  improve  the  atr  in  Madagasoar. 
A  86,  q.  1721-1727.  Does  not  think  that  it  would  be 
practicable  for  human  labour  to  be  earned  on  at  a  tern- 
perature  of  100^  or  more,  in  a  d^  atmosphere,  unless 
tiie  ur  ware  kept  in  motion.  A  86,  q.  1 730.  Considers 
that,  apart  from  evaporation,  perspiratiou  has  a  cooling 
tendenqr.  A  87,  q.  1767.  Cannot  imagine  such  a 
power  of  adaptation  in  the  Uving  organisation  as  % 
man  standing  in  a  temperature  of  200*.  or  230°.  A  87, 
q.  1767.   Mode  of  testing  saturation.  A  89, 4. 1806. 

AHDBnaow,  John  : 
Evidence  of,  B  71-76. 

We  must  t^  to  does  op  the  leakBges  of  heat.  B  71» 
q.  1015.  A  pound  of  the  best  cod  capable  of  evap». 
rating  14  lbs.  of  wata,  but  few  steam  boilers  leuh 
10  lbs.  B  71,  q.  1020.  The  time  will  oome  when 
men  will  venture  to  a  very  hi^  pressure,  say  to  600 
lbs.  per  square  inch,  mstead  of  160  a^  at  preaent. 
B  74,  q.  1063.  A  very  large  maqpu  fbr  eoonomy  in 
the  use  of  faeL  Does  not  suppose  that  we  shidl  evar 
readi  the  whole;  but  if  man  ever  reaches  to  one  bdf, 
it  will  be  five  times  more  than  we  do  now  with  our  beet 
enginei^  and  man  win  reach  that  some  day.  B  74, 
q.  1062.  Bfan  is  rate  to  go  in  tlu  direotion  whkh 
win  be  niuly  to  give  him  the  whole  bent  of  the  oanL 
B  76,  q.  1096. 

AXDBS; 

Lew  of  inonaae  of  tempsntan  te  depth  jn-daap  miim 
oniheAndfls.  All^q.199.  ^ 

Annbslby  Colluxt  : 

A17.q.22F    A  18,  q.  266. 

AmuALB: 

lio^^^^  tanpcBBtore  andnfed  by  than.  A  90^ 


Amnrana  to  OiBCOLAaa: 
Ste  LsTTBiia,  CiKouLAma,  and  ^pli^  to  Cibcolabs. 
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Bounded  bj  a  gimt  hsdt  on  the  eoutti-eut,  wHn  a 
down-tiuw  oa  the  nortia-weet ;  Fermian  rooka  and 
ecel  miMiirw  abut  upon  the  Gneiaeto  Camhrian  itnta, 

AnHteridilDrinakiiigateBL  B10,q.l22.  . 
An  adraiiligiB.tD  nix  it  wUk  cdLin  anU  ptepmHoBa,  or . 
witii  bituminona  ooal.  B  29,  q.  344. 

AMTHBA.CITB  DiBTBICT  *. 

In  South  Walet.  C17.q.483. 
,  Four  tentiu  of  the  coal  loet      piUar  and  aiaU.   C  18, 
-  'q:  516.   Number  d  vmaM,  q.  S18.  N ambar  wcridng', 

3.  609.  Change  (rf  waina  into  anChM^^  and  ito 
inction,  q.  5^-528. 

Aklct  Wood: 

jEast  at,  the  Permian  rtrata  and  undv^^ng  coal- 
measorea  dip  eastwards.   0  £9,  q.  534. 

ARMTtRONG.  Sib  William  1 
Endenceof.  B  20-24. 

'  It  appears  to  him  that  the  genoal  sniqeet  w  the  waste 
'  «r  ftud  in  eombustion  may  be  ptoperhr  oonndered 
under  tiuee  heads ;  cmsmnption  of  ooal 'for  household 
pmpoaes,  orammption  of  coal  for  motire  powa,  con- 
ennqition  of  ooal  ft»  matrnfitcrturing  porpoeei.  In 
each  divinon  waste  is  noessive,  but  rranedtable. 
MMwyr  in  idikih  coal  is  ypi^ed  for  coUnaij  and  house 
waraung  pnipoaea  very  extranet.  Quite  clear  tiiat 
the  proper  mode  of  heating  air  is  to  bring  it  in  actual 
contact  with  the  heated  surfltce.  Quite  practicable  to 
have  a  podTectfy  agreeable  heat  with  a  fraction  of  the 
qnantitjr  of  fuel  idiich  is  now  used.  B  20-21,  q.  244. 
ittcxeaeed  economy  in  the  production  of  iron  from 
making  the  furnaces  of  an  mcreased  height  B  21, 
q.  232.  Does  think  that  a  much  larger  economy 
can  be  had  by  malung  the  ur  much  hotter.  B  21, 
q.  258.  Increasing  the  h^at  of  the  Uast  will  expend 
more  friel  and  leave  less  ga«  to  kpare  for' raising  steam. 
B  21,  q.  259.  Waste  in  the  consumption  of  nid  in  a 
theoicaoal  point  view  for  motive  power,  prodigiona, 
in  a  practical  point  of  view  very  laige.  B  21,  q.  360. 
Coriua's  Patent  Revolving  Steam  Engine  constructed 
upon  sound  ecoaomioal  imncijdM.  B  22,  q.  271. 
Hiinks  that,  eventually,  the  [mndple  of  the  calotio  air 
engine  with  the  regenerator  wiU  supersede  the  steam 
engine.  B  22,  q.  272.  Objection  to  Siemnu'  plan  is, 
that  the  production  of  gas  cannot  be  r^ulated.  B  22, 
q.  273.  Increased  cost  and  increased  complication  the 
objection  to  compound  engines.  B  22,  q.  279.  Great 
saving  in  the  combustion  of  ooal  may  arise  by  Adapt- 
ing enirines  of  known  superi(m^.  B  23,  q.  287. 
Three  times  as  much  coal  used  as  would  be  neces- 
sary with  the  best  steam  engines.  B  23,  q.  289. 
Economy  of  fuel  to  be  effected  by  introdudug  ex- 
pansive engines,  by  using  steam  at  a  higher  pressure, 
and  by  increasiog  the  heating  mthot  m  the  bnlen. 
B  23,  q.  300.  Increount  of  sennble  heat  fat  a  ghren 
increase  of  |»esaure,  smaller  at  high  pnuan  thaaik 
is  at  low  pressure.  B  2%  q.  304.  Fsed  wiatar  ioada- 
quatdy  heated  in  condensing  ongiiMf.  B  84,  q.  312. 
Boikm  in  ceoenl  veqr. 
B  24,  q.  317. 

Abkoui,  liVPTOii : 
Fusage  read  from  Us  endenoe.  A.  55,  q.  1018. 

Arnott.  Nbil  ; 

Evidence  of,  B.  33-34. 

The  economy  of  Amott's  stove  is  a  saving  at  least  of 
half  tiie  expense  of  an  open  BnA^sh  fire,  ^Ainng  the 
same  warmth-  B  33,  q.  391.  The  stoves  have  been 
sppUed  to  a  certain  extent  in, houses  and  in  puWo 
buudings.  B  33,  Q.  394.  Great  eeononqr  icsutta  from 
fighting  the  fire  the  top  instead  «r  at  the  bottom. 
B  34,  q.  397.  Mora  heat  evoked  from  ooil  when 
bomed  downwards  than  when  burned  upwards.  B34, 

Arnott'b  Stotb  : 
Saving  of  half  the  expense  of  an  open  Eiurlish  fire. 
Fud  must  be  non-bituminqiis.  B  33,  q.  ^1.  Die- 
tinguisUng  chaiactoristic  a  ' balanced  valve  regulator. 

BS3,  q.  ^1. 

'Abtbsun  Wblls  : 

Insaeaae  of  tmpeiatnie  with  dentil  i^gat  be  JMBertanied 
in  them  mucb  more  ooReeuy  Axa  iu  osal  miBea. 
RatM  cf  inaaaia  of  KsiiiMfahirw  obNrnd  in  -Uioie 


of  Gnnallfl,  Nor  Ssbmric,  and  lIoudoA  A  €, 

0.26. 

Dimnnoeof  tsnvantmsmtiMagL  Al^q.  902. 
Aui: 

Qnanti^  of  it  mskes  so  diiforenoe  in  Russell  Cnnpbn's 
mode    bunting  small  ooaL  B  29,  q.  334. 

AsTLBY  Pit,  Du^infiblo  Collibbt: 
'  -  The  deepestpit  fai  Great  Britain.  A  20,  o.  290. 

TaUe  showing  results  of  experiments  made  there.  A  21. 

Athosphbbic  Prbbbubb  I 
Increased  5  lbs.  to  the  square  inch  above  the  ordinsiy 
pressure  would  not  affect  the  extent  to  whidi  a  man 
could  stand  an  increased  tempemtore.  A  92,  q.  1864. 

Atohio  Wbiobts,  B.  36,  q.  425. 

Aitbbaob  Ddit  or  Cobvub  Puhpiito  KMoanu.  B  63. 

Atbraob  Qdamtity  of  Aii^to  saeh  Man.  C  6,  q.  13B. 

Axis  of  tbx  Wbald  : 
Vcsy  nearly  from  west  to  east,  D  19,  q.  266. 

Atbshibb  : 

Working  in.    G  48,  q.  1381. 

Atbchibb  Coalfibldi  i 
Section  at  five  diBiniifrpoiBti.  C  48,  q.  1369. 

Atkinsok,  John  J, : 
Evidence  cf.  A  46,  63-60. 

Estimates  tiie  dq>th  at  which  a  temperature  of  98^  anil 
be  fbund  at  Seaham  st  2,735  feet.  A  48,  q.  872,  Tlu 
^ate  of  inoreaae  of  power  to  produce  a  certun  increase 
of  ventilation,  rather  higher  than  in  proportion  to  the 
cube  of  the  quantity  of  air  in  the  same  uiuJtned 
mine.  A  48,  q.  875.  States  that  mines  400  yards 
deep  are  more  easily  ventilated  by  a  fim  than  by  a 
forpBoe.  A  48,  49,  q.  880-886.  So  far  as  the  oon. 
sumption  of  ooal  is  conoemed,  that,  at  3,000  feet  deep, 
a  ftirnaoe  and  a  fan  would  be  ^wut  a  matdi  lav  odi 
other;  so  far  as  legsrds  the  qnantilj  ci  coals  leqn^ed 
to  pioduce  any  amount  of  ventilation  iu  tiM  same 
unaltered  mine.  A  49,  q.  906.  lliat,  in  the  ordinary 
state  of  upcast  shafts,  there  need  not  be  a  doubt  of 
the  ftamaoe^harinff  the  advantage  at  a  deptii  tit  600 
fothoms.  A49,50,q.909.  That  the  long-^raU  system 
diminishes  tiie  tempentnre  slightly.  A  61,  q.  926. 
niinks  that  by  strong  ventilation  at  a  dntit  of  3,000 
foet,  were  tiie  temperature  100^  or  lO?',  it  might 
perhaps  be  reduced  to  98^ ;  but  that  it  eould  scBRiefy 
he  reauoed  in  tiie  working  fsces  so  much  as  4°,  unless 
the  long-wall  system  was  followed.  A  61,  q.  937. 
Thinks  that  if  the  system  of  douching  the  men  at 
great  depttis  had  to  be  adopted,  it  wotUd  be  time  to 
shut  up.  A  51,  52,  q.  953.  States  that  the  cooling 
effbot  produced  by  condensed  sir  would  not  be  much, 
unless  enoimous  power  was  employed.   A.  63,  q.  986. 

.A-ncimoir,  Johb  J.  1 
Evidence  of.  A.53-4iO. 

States  that  aate  of  ineraae  cf  tenuomtoM  with  depth 
varies  at  diifoient  ooUieries.  A  55,  q.  1013.  That  iu  eoma 
cases  it  goes  in  an  increasing,  and  in  others  in  a  diminidiing 
ntio.  A  66,  4. 1014.  Hiinks  that  the  effsot  of  radudi« 
tiw  nonnal  tsnpcnture  in  deep  mines  would  be  very 
trivM  indeed  compared  witii  the  cost  of  obtsining  the 
increased  quantity  of  air.  A  55,  q.  1016,  Considen  tibai 
to  make  aorwaya  of  four  tines  the  seot^Mial.areain  well- 
managed  mines,  at  present,  would  be  a  vet;  ooatly  thing; 
that  it  is  not  really  unpossible,  but  that  it  is  oomroercialfy 
out  of  the  question  at  the  present  day.  A  66^  q.  lOlB. 
Thinks  that  2i  to  3  miles,  is  about  the  exteat  whicb  it  is 
desirable  to  attempt  under  the  sea.  A  56-67,  q.  1046. 
Thinks  that,  in  tiie  working  &ces,  it  would  be  almost  iui- 
possible  to  fat  down  the  tenqwratufe  more  than  ^  or  6^ 
when  there  la  a  frerii  ftve  exposed  jfram  day  to  diqr*  ^  ^* 
q.  1075.  States  that  thc  Engfish  mines  ncnaie  in  t«m- 
^^.^^6.^i^it,J^.  AO. 

Attkndancb  op  Mkhbers.  .  Sft  Gbkbkal  UnTiNQa, 

COHUITTBB,  SbcrbtabV  : 

(Gewal  MaetingB.  CcsmidHe  Heatii«s;) 

OommittoM 

IXwnim.  HMtinea.  7,  cndlfapi. 
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Duke  of  Argyll  - 
Sir  Bodeciek  I.  MuzehisoB 
Sir  WiDiaa  G.  AmOttrntfc  - 
PtfDj  Hustey  VinaB*  Esq. 
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79  Com- 

Geome  T.  darit,  Esq. 
Joseph  Dickinion;  Biq,' 
George  Elliot,  Eaq. 
ThomM  E.  Forater.  Esq. 
John  Geddoi.  Esq. 
Robert  Hunt,  Esq.  - 
Joseph  Beete  Jukes,  Esq.  - 
John  Huttej.  Esq.  •> 
Johafercgr,  Esa. 
Jowph  Prestwich,  Esq, 
Andrew  OromUe  Ranusjr,  Esq. 
John  T.  Woodhonse,  Esq. 
Seontarr.  sll  meetings 

mitteei  A 19.  B  10,  C  14,  D  16,  E  5,  F 13,  maps  2. 
Sm  Skcutabt. 

B. 

B^nB,  Jahbs  Phiup  ; 
ETldenoa  of,  C  77-83. 

South  SteSordshire  mhI  SMfc  Worcestw  Codfields. 
Varieties  of  ood  met  with.  C  77,  q.  2163.  Modes 
of  winking,  q.  3157.  PropoituMi  of  swm  obtained, 
q.  3170,  Urge  ftod  small  coal,  q.  3180.  Shusk, 
q.  2181.  Saleable  coal.  C  79,  q.  2194.  Quantity 
hist,  q.  2200.  Total  loss  might  be  diminished  bj 
long^wijl  working,  q.  2204,  Forming  a  roof  of  coal. 
C  80,  q.  2214.  Period  not  remote  when  he  thinks  tibe 
whole  the  known  and  developed  South  StafFordshiia 
thick  coal  wiU  be  exhausted.  C  81,  q.  2231.  Wjzlej 
and  Es^gton  coalfield,  q.  2238.  Not  much  ooal 
left  for  support..  C  82,  q.  2257.  Air  limited  in  qnan- 
titjr  and  temperature  in.  ventilating  the  tbudc  ooaL 
C83.q.  3882. 

Bambcbt 1   

ThibfciHH  of  the  liu  at  D34,q.389. 

Babublbt : 
Goal  woAed  half  and  half  under.   C  40,  q.  1157. 

Babdon  tliLi.: 
Camloiaa  todca  sumranded  1^  the  triirie  beds.   D  86, 

q.  326. 

BabbibbRibb.  C.33,q.958. 

Babbibbs  : 
Against  water.   C26.  q.755. 
Left  agsiost  water  not  lost.   C  49,  q.  1413. 
Ag^insfewatw.   C  73,  q.  2066. 

Bbattib,  Jobbph  t 

Eridenoeof.  System  of  utilising  the  smoke  escaping  from 
eoke  ovens.  B  67,  Q.  978.  Consamptipn  of  fbol  an 
the  South  Western  Railway  p«  duI^  the  knmt  ia  the 
eonntoy.   B  68,  q.  993. 

Bbdfobo  and  Abtlbt  Collixbibb  neu  Leigh*  Laaoa* 
shire.  D 106.  ' 

Bbdboomb : 
Ventilafcbnin.  B34,q.403. 

Bbbston  Coal.  C93. 

BBI.OIAN  Mimxb: 

.  A  51,  q.  929. 

Worked  on  the  long-wall  system.  A  50,  q.  917. 
Enf^h  mines  increase  in  temperature  more  rapidly 
with  depth  than  the  Bdgian.  A  59,  q.  1079- 
1087.  ^penments  on  the  temperature  of  onrrents  of 
Mr  in  a  Belgian  mine  near  Charleroi,  by  Mr.  Geoige 
Baker  Forster.  A  73-74.  Depth  of  pit,  q.  140. 
Circulation  of  ur,  q.  1423.  Temperature  of  the  air 
at  the  &ce,  q.  1426.  St.  GiUy,  deepest  pit  in 
Belgium,  not  abandoned  on  account  <^  the  tempcm- 
ture,  q.  1435-1439.  Manner  of  WQ^dng  the  coaL 
q.  1452-1466. 

BauaiAN  AMD  Valbncibmmbb  Coalfibld: 
Fzobabk  extension  it  into  England,  D  3.  Sinkings 
across  the  departanent  of  the  Nord.  D  15,  q.  315. 
Lower  unproductive  ooal  measures  decrease  in  thick- 
ness as  they  go  west,  q.  317.  'Pherouann^  tiie  most 
western  point  to  wHch  the  valuable  ooals  range.  D  16, 
q.  218.  Goal  of  a  mat  part  of  Bdghnn,  and  of  the 
departments  of  tiie  Nord  and  the  de  Calais,  under 
the  cretaceous  or  newer  seoondsry  lodcs,  q.  220. 
Northern  boundary,  monntain  IjhieBtone,  q.  223. 
nrandt  portion  of  the  basin,  «  aii4,  Devonian 
limMone,  q.  224.  PabraBoiorooL  ^  bottoms  of 
val^ra  ow  the  chalk  area,  and  riJ?*  *o  the  edn  of 
the  ooal  basin,  q.  225.  Poiot "fjoted  ooiDap 
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tijrpothetioal,  q.  330.  Bdgien :  ooal'  iMid'.  svnfil 
tunes  out  q.  231.  Coal  of  the  Bonltmnais  nob  at 
.  all  ooal  of  Uw  BeMan  band,  q.  1233.  BelgiauaDd 
Valendennes  coalfield  lies  to  the  north  of  the  axis  of 
Artois,  and  follows  the  low  ground  -parallel  Witii  Hbt 
boottdary  of thechalk.  B 19,  q.  260.  Correspondence 
of  ttte  Bdgian  and  Valenciennes  coalfields  with  the 
Welsh  coalfields,  as  respeota  the  fossil  plants.  D  31, 
q.  273.  Resemblance  of  the  Belgian  coal  to  that  of 
the  west  of  England,  ve^  striking.  D  21,  q.  276. 
Coal  measures  of  the  Belgiau  and  Valeucieanes  coal- 
fidd  thin  as  thertrend  westward.  More  ptoduetave  ia 
the  Pas  de  Cahus  than  in  the  cast  of  Belgium.  D  31, 
q.  286.  Twiating  and  taming  another  fteture  of 
WBwnUanee  between  the  Belgian  and  SomerBetahiia. 
fields.  D21,q.287. 

Bbloian  Coal  Pits  :  ' 
The  coal  pits  of  Belginm  have  reached  a  Cheater  dej^ 
than  any  in  this  oountiy.  A  41,  q.  673-«74. 

Bblquh  Fubvaob,  B  70i  q.  1006.. 

Bbloian  Pbocbbb  of  diBtiUing  lino.  B  37*  q*  473, 

Bbll,  Isaac  LoWthian: 
Evidence  of.   B  10-15. 

Is  not  of  opinion  that  usnalhr  any  great  loss  results  from 
imperfect  combustion  in  furnaces.  B  10-11,  q.  135. 
Hunks  that  the  economy  to  be  effected  by  merely 
avoiding  smoke  is  not  so  la^  as  many  appear  to 
think.  B  11,  q.  141.  Does  not  think  that  any 
economy  in  ftiel  results  from  using  a  revolving  [bhu^ 
ash  foniaoe.  B  II,  q.  144,  lliere  is  a  better  yield  of 
ooke  by  having  flues  around  the  walls  and  bottoms  of 
ovens.  B  12,  q.  160.  Volatile  materials  of  coal  not 
BraOaUein  aUiut  ftimace.  B12,q.  171.  Atonof 
ooal  in  a  blast  fhmaoe  barely  worth  the  waght  of  udu 
it  ooulainB.  In  an  ordoiary  fire,  one  ton  of  omI  ia 
worib  Bomethinff  like  the  same  weight  <tf  coke.  B  13, 
q.  174.  Heat  m  the  hydrogen  of  the  coal  not  availaUa 
m  the  blast  fnruace.  B  12,  q.  175.  Siemen's  prooeaB 
can  have  no  advantage,  simpty  as  saving  loss  <n  heat. 
B  13,  q.  183.  In  heating  air,  and  in  raising  steam  tor 
bmlers,  the  gasee  are  allowed  to  esaqw  at  too  high  a 
temperature.  B  14,  q.  225.  With  an  absohitely  ner- 
feet  flimaoe  17  or  18  owt.  carbon  or  ooke  would  ba 
Boffldent  to  make  a  ton  of  iron.  B  15,  q.  227. 

Bbkck  Coal  : 
left  as  being  uowoiUbte.   C  64,  q.  1877* 

Bbnbpicial  Eppbctb  nt  fireeiDg  the  ur  from  nuwrtuxaf 

A  86,  q.  1721. 

Bbbsbhbb,  Hbmby: 
Evidence  of.  B  69-65.  States  that  the  economy  in  the 
oonsuuiption  of  coal  due  to  his  process  of  steel-making 
amounts,  as  near  as  may  be,  to  a  million  tons  annualW. 
B  59,  q.  829.  ContemphUee  the  probability  of  the 
rails,  or  nearly  the  whole  rails  in  the  kingdom,  being 
ultimately  made  by  his  pvooeas.  B  60,  q.  840.  Lawe 
quantity  of  his  steel  now  used  for  boiler  plates.  B  W« 
q.  847.  A  neat  deal  used  for  piston  shafts,  and  uni- 
versally mpoj%d  for  piston  rods.   B  61,  q.  852. 

BnsBHBB  Kbttlb.  B49,q.  686. 

Bbsbbhkb  Pboobbb  : 
Of  making  steel  mmpmS  mth  the  Heaton  mooesB. 

B  48-50. 

Saving  offoel  due  to.   B59,  q.  835. 
Im|VovedoonBtmctionofonr  engines  tn^  means  of.  B77* 
q.  1119. 

Bbbbbubb  Rails; 
Compared  with  ordinary  rails.   B  60,  q.  843. 

Bbbsbsibb  Stbbl: 

Saving  of  weight  in  boiler  plates  by.   B  61,  a.  848. 

Struigth  of,  q.  849.  Used  for  marine  shuns  and 
,  piston  rods,  q.  852.   Saving  of  fuel  efiSseted  by,  q.  854. 

Extansirely  used  for  building.  ahipB,  q.  8S6. . 

Biodbb*s  Htdbaulic  Pbbsi: 
DcBcriptitm  of.  C  ^,  q.  1982. 

Big  Vein  :  (Lhmelly.)  G  17.  q.  493.  - 

B1HN8,  Chablxb  : 
Evidence  of.    C  89-91. 

Derbyshire  long-Tndl  system.  C  89,  q.  2414.  Quantity 
of  coal  brought  to  bank.  q.  2423.  Objection  to 
working  the  co^  entirely  out,  and  leaving  gob 
roads.  C  90,  q.  2532.  Would  prefer  taking  the 
up|>er  coal  first,  q.  2444.  Taking  away  the  ooid 
r^ii^  from  bancatb  boildiiigB  does  losi  dMnage^ 
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BRVHinoM-CbA*:. 

i  The oiUr cUm of in StiAadihiM.  B67,q:S63. 

BirmiiNous  Coal  DistbictV 
,  In  MoDmouth  and  South  Walei.  C.17,q.460. 

BiTTTHINOCS  ShALK  : 

Oil  from.  B  60  0.  702. 

Buck  B>d  now  Iindi.  G.  92^ 

Black  Boy  : 
Munwampt.  C38,q.800. 

Buck  Spit: 
Not  found  in  the  deep  minea  of  Lancaehiiv.  A 12,  q.  166. 

Blaokwkll's  Experiment  at  Timoedwa.  B  9-IOl  o. 
lOft-122. 

See  Amtbracitb. 
Blast  and  Clobbd  .Ashpit.   B  61,  q.  704.  - 

8la»t  Pvbnaom  : 

Appaiatiu  for  heating  the  air.  by  means  of  the  waste  heat 
nom  the  ooke  orens.   B  11-12,  q.  164. 

HjdK^en  of  coal  not  utilised  in.   B  12,  q.  171. 

purham  coal  not '  suitable  for  blast  fiirnacee,  q.  174. 
Givinff  ott  m  waste  gases  as  much  heat  as  it  nqnirea 
for  hrating  tiie  bha^  and  raising  the  steam.  B  \3i 

.  fl.  182. 

EmLugement  of  blast  fumaoes  attended  with  conaidoiable 
reduction  in  the  consumption  of  fuel.  B  14,  q.  219. 
Gases  allowed  to  esoape  at  too  high  a  tempentun. 

B  14,  q.  225. 

Buung  tonpentun  of  blast  would  ndnoe  oonsmnptum 
of  ooke.  B.  15,  q.  227. 

SUswiek  fumaoeB.  B21,  q.  250.  ImnroTentent  of  their 
dimsnsioiis.  B.  21,  o.  254.  Two  thirds  of  the  hnt  the 
coaliscapshleofpnMueingffoes  off  in  waste  gases,  tiiat 
,18  ntilisedif  tiie  gases  arebumt.  B  33,  q.  483.  Bn~ 
ingbTmcreasinff  thehoght  of  fomacea.  B  39,  q,  494. 
And  raising  we  temperature.  B40,  q.602.  Gas  from 
the  top  of  blut  Aimaces  used  in  heating  the  ,  stoves 
and  boilers.  B  63,  q.  732.  Bessemer  process  applio- 
'  able  to  blast  fiimaces,  B  63,  q.  876*  Mote  carbonie 
onde  produced  than  required  we  tiua  redw^n  of  the 
oxide  of  iron.  B  63,  q.  863.  Great  economy  in'  South 
Staffordshire  by  taking  the  gases  from  the  furnaces. 
B65,  q.  321.   Smelting  of  xmo  ore.   B  70,  q.  10|D6. 

Blue  Shalx  Roof.   C  26,  q.  703. 

Blyth  : 

Collieries  in  its  neighbanrhood.   C  54,  q.  1620.  Coals 
rising  aesiward.  C  60,  q.  1788. 

Boars  ahd  Pillar  Ststkm  : 
Stem  ooal  entbely  woriced  by  it  in  Nortilitimberiaad. 
C  54-60.  Board  and  jHllar  pnotised  about  Mold  and 
neighbonifaood.  C  6»-69;  q.  '1834. 

Board  and  Stall  : 
System  of  working.   A  46,  q.  827,  q.  840. 

Board  op  Admiralty  : 
Have  not  innsted  until  recently  upon  having  steam 
jackets  to  tiidr  engines.   B  55,  q.  764.' 

Board  op  Works.   See  Lbttrbb. 

BOILRR  ASSURANGR  ASSOCIATION.    B  83,  q.  1240. 

BoiLXR  Platrs  : 
Steal  win  snpenede  iron  fin.  B  74,  q.  106% 

BoiLSBS : 

Eeonomios]  to  have  them  thin  and  obao.  B7-^q*1057t 

BouroN  FoROR.  B.  36,  q.  431. 

Bolton  Strxl  and  iron  Works  : 
B35.q.413.  B37>q.468. 
Improvement  in  poddliiig  fttmaoes.  B  54,  q.  754. 

Bolton : 
Workss*.  B47,q.6S6. 

Boot  Colurrt  : 
Watar  breaking  in.   C  SS,  q.  648. 

Booth,  Isaiah  : 

Evidence  of.  C  87-89.  In  leaving  pillars  for  snpportiiig 
buildings,  the  size  of  them  would  depend  on  the  thick- 
ness of  tibe  mine.  Has  gone  under  large  buildings 
with  this  mode  of  waaaag,  G  87,  q.  2369^2371. 

i  .  TUnks  that  wa^ksms  shoold  be  abolished.  C  89, 


BoRDs.   A  61.  q.  lO0fi.lO96.  / 

BtoRRBOLis;  C  36,  q.  lOSl. 

BoBRs  for  ascertaining  by  apqpiDeiit  tte  mtson  of  mehi 
hidden  1^  superinopmbqit  strata.  '  D  2. 

BoBnra  1 

On  the  banks  of  the  Teel.  0  79,q.64I. 
In  tiie  dereland  Astriot  by  Lord  de  Lisle.  D  79,q.  6a 

.  Borings  : 

Made  by  Sir  Robert  Clinton  in  tiie  senthwn  end  of  tfai 
Y(wkshire  and  Derbyshire  coalfield.  B  93,  q.  773. 

Both  divisions      the  Red  Sandstone  snisa  wfaolb 
wantmg  over  Nortii  Belgium.  D20,q.370. 

BouLONNAiB  Coal  t 

'  Intermediate  between'die  upper  and  lomv  HTHWtmwi. 

Strike  of?'  D  18,  q.  250. 

CorrespondcDce  of  the  Kentish  chalk  escarpment  vift 
the  northern  esosnnient  ^  Ac  Boaloaiiw.  D  19l 

q.  264.  If  la^ 

.  VaUejra  alcnArthe  eretaeeoos  range  ti  Hants  and 

oorrenmnd  witii  those  at  the  eastem  eztennon  of  the 
denudation  of  tbe  Bouleanais.   D  19,  q.  254. 
The  begimiin^ctf  an  elliptical  basin  upon  the  otiw  side 
of  llteausof  Artok.  D19;q.900. 

BouLONNAis  Garbonivbbous  Limrstonr  with  subor- 
dinate ooal.  D  18,  q.  246. 

BouN^RT  OF  THR  Chrshirr  Coalpibld  at  Pqyntoa. 

BouviaNT*s  BoiLRR.  B  74,  q.  1064. 

BovRT  Tracry  :  ■ 
Lignite  at  B38,q.480. 

Bridorrorth  : 
Mnely  the  uppermost  beds  of  the  ooal  measnna  Iband 

in  Its  neighbourhood.  D  26,  q.  326. 

Bristol  Coal  Bahin  : 
Its  extent.   D  8,  q.  76. 

Not  a  trace  of  wcffkaUe  ooal  in  it  subadhiata  to  Os 
mountain  limestone.  D  22,  q.  301. 

Bristol  Coalpirld  : 
D  6,  q.  26,  q.  44. 
Lower  series  of  it.   O  9,  q.  116. 
Lias  de^sited  npon  the  niQuntain  linsattosa  to  the 
exclusion  of  any  intermediate  cBibcoiifinoua  locfcs. 
D  24,  q.  309. 

Brislinocoti  Collirby,  near  Burton-on-'nent.  D  10& 
Coal  worked  westward  against  the  base  of  the  New  Red 

Sandstone.  D  107. 

Britibh  Absooxatiom  at  ffirmingham.   B  6(^  q.  843. 

Bristow,  Hsmry  William,  F.R.S. : 

Evidence  of.   D  33-37. 

Mass  of  the  carboniferous  strata  of  the  Mendip  HiOa. 
D  33,  q.  373.  Variable  thidmess  of  the.  seoondaiy 
rooks  in  proceeding  from  the  neighbourhood  of  tin 
Mendip  Hills  eastward  into  Wiltshire  and  Dorsetshira. 
q.  38l.  ' 
Would  ex{leot  to  find  the  ootites  thinner  if  they  passed 
undemnth  the  Bartvn  Counties.  D  36,  q  435 
Tliinks  it  probable  that  the  FalwMoio  rocks  pass 
nudur  the  seoondaiT  rocks  eastward,  q.456.  Tlttt^ 
probability  is  that  tiic  coal  measures  do  not  foim  any 
part  of  those  Paheosoio  roeke.  q.  457. 

Brixton  Ehoin^.  B  &7,  q.  790. 

Brown,  John  ; 
Evidenoeof.  A77-W. 

Experiments  in  Shiarbton  CcdUery  on  tempcntne  of  m 
and  strata.  A  77-78,  q.  166&  In  Yistana  Goltev. 

A  78,^.  1563. 

is  of  opmion  that  lacgv  "»**'^*™f  oould  be  api^ied  to 
produee  a  great  oooung  infinenoe  W  passing  a  laigw 
volume  of  air  thzoud^.  A  60^  q.  lioO.  I^nks  that 
tiiare  would  be  no  d33cuUy,  without  intafemg  with 
the  working  of  the  ooUiery,in  canyinganeneniMBiBl 
boring  from  the  bottom  of  ii»  same  abaA  wift^w 
view  of  asoert&ining  the  tempentnre  at  a  gnat« 
depth  than  that  at  which  it  has  biHierto  been  ob- 
served. A80,  q.  1617. 

Brownlrrs,  John  : 
AM  to  Mont  Genu.  A  101. 
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Bbthah: 

.  Rdhvrao«atobua*paniiunti09.tba.iiiQE9tw.of'  t^^ 
niura  with  descent  in  minflB.  A  12-13.  .Letter  of  nia 
to  Mr.'  Hull  regarding  bbiemtioiu  on  temperature  at 
XhwdnidgeCdBoy-  Awotkiaofp&  A.m„ 

BxTHAM,  William  : 

.  Evidence  of.  A  63-69.  Has  made  computaticau  with 
iqnrd  to  the  increaie  of  temperature  irith  dcfith  at 
dmteent  depths  of  workinf^  A64»q.  1175.  InoieaM 
aeenu  to  be  more  rapid  at  the  greater  depths.  A  64, 
q.  1176.  A  65,  q.  1178-1186.  Greatest  redaction  of 
temperature  by  ventilation.  A  65,  q.  1189-1198.  Men 
can  work  m  a  temperature  of  80*",  q.  1200rl201.  Cost 
of  sinV^*ig  increased  with  increased  depth,  but  owing 
more  to  winding  than  to  temperature.  A  65,  q.  1204- 
1S09.  Ventilatmg  ourrentB  do  reduce  the  temperature 
to  a  certain  extent.  A  65-66,  q.  1211.  Hardness  and 
speciflo  graviW  of  strata  do  not  ibcrease  with  depth. 
A  66,  q.  1217.  So  much  large  coal  cannot  be  got  at 
great  depths  as  at  shallow  deuths.  A  66,  q.  1319. 
System  of  working.  A  66,  q.  1220-1228.  l^mpera- 
tnre  at  coal  and  ur  in  mine.  A  66,  q.  1229-1246. 
I^stem  of  working  in  Rosebridge  CoIucit  different 
from  that  of  the  north  of  England.  A  ^,  q.  1260. 
1,200  yards,  the  limit  of  depth  at  v4iich  it  would  be 
connnseialfy  practicable  to  work  coal  in  fiosebridge 
CoUiHT.  A  67>  q.  1258.  Cost  of  hewing.  jL  67, 
q.  126ft-lS67.  A  temperatnve  of  from  80^  to  82^  does 
not  lead  to  airr  disease  on  the  part  qf  the  nun  woildng 
inBoselnidgelCdliary.  A  67.  q.  1268-1270.  Wining. 
A  68,  q.  127&-1286.  Temperature  at  the  working 
«MM.  A  68.  q.  1286-1298.  Has  tried  coal-catting 
tfifijAjpw  for  years,  and  has  not  found  them  satis- 
ftototy.  A6<q.  1399. 

BnHBT  Taiir  at  UuuUj.  C 17,  q.  4913.  - 


C. 

'GA.UVOBNIA  1 

Hydnolio  niwihiiMiii  in.   B  27. 

.GAI.04U00B  Hjuf  A«TB  CmoFPiMa  affiiMt  botfeon  td 
Penoiaii  fonnation.  D  107. 

Gambic  Aib  Enoinb.  B  2%  q.  272. 

Oalobig  Emchmbs.  B  6,  q.  38.  » 

Cahpbk,  Edward  Andrbw  : 
Evidence  of.  B  53^9.  States  that,  in  nftmioeito  glass- 
making,  puddling  iron,  heating  iron  and  steel,  muting 
steel,  enamelling,  gas  retorts,  braas  and  sine  BMpoho- 
tore*,  &&,  venr  Utue  economy  has  been  intK>diioed  for 
some  years.  B  53,  q.  738.  Ijunks  that  in  nfamkoe  to 
heating  and  puddlhig  iron  gwHtinyTOTements  have  been 
made  m  the  laat  four  or  fiveTean  by  tha  use  ^d  Sicman's 
ftirttace.  B  53,  q.  749.  Does  not  oocuider  that  the 
saving  in  actual  pounds  of  ooal  Is  the  only  gain  by  his 
arrangement  of  engine,  as  the  cortveme  sunidici^  of  it 
is  of  great  irapoartazuie,  the  large  saving  being  obtained 
with  a  perfectly  simple  engine.  B  57,  q.  793.  Would 

Eat  tiie  average  oonsnmption  of  coal,  per  indicated 
orse  power,  per  hour  in  the  United  Kingdomi,  at  7  11m. 
B  58,  q.  805.  If  such  flimtooei  as  G^tain  Galton's 
wen  adopted,  more  t^lian  halt  tiia  ooal  might  be  saved, 
B  58,  q.  818. 

■  Camnbl  Mihb,  Rosbbbibob  Gollibbt  : 

TemMntore  in.  A  64,  q.  1145-1148.  A  66^  q.  1238- 
1911.  Highest  temperature  at  iMdb  flu  men  oan 
work  in  it.  A«7,q.l270. 

Canobib,  KibkjConnbl,  awd  Sabudhab  I 
Only  places  in'  Damftiesshin  whera  ooal  is  known  to 
esiak  D90,q.  733. 

Captain  Oa&tom'b  Stotb.  B  6^  q.  810. 

'  Captain  Lbam.  Sm  Cbbmtvbb  and  AwuaiBait  Coppbb 
Miin. 


B40,  q.51?.  Ut 
oxide  in  blast  furnaces.' 


for  raduomc  miD  im 

it.  B42,q.55l.  .Gvboue 


Cabbonipbbous  Bbds  :  ' 
Above  the  millstone  gnt  containing  ooal  in  the  Mai^ 
dkester  district  of  South  tduoaihite.  D  27*  q.  327. 

GABBOBlFIBOVfl  FobHATIONS  i  ■ 

Borings  with  a  Tiev  to  disoover  ooal  dumld  be  nadeat 
B  OMftain  distance  from  thea.  04. 

CaBBONIPKBOO^  LtMBBTONB  : 

At  Little  Onnes  Head,  Great  Ormea  Head,  rt,nglcae> 
andRedwfaarfBi?.  D.74.q.634. 

CABBONIfBBiOrS  ROCKB  : 

Ikying  imconfbimably  on  ui  irregular  sur&ce  of  Silurian 
aad  Old  Bed  Sandstone  rqeka  at  Coalbrookdala. 
D65,q.516.  ~      .  ' 

Gasi^Iron  Boilbbs  : 
Fftihibtted  by  Imt  in  Belgium.  B  87;  q.  1314. 

Cast  Stbbl  : 
Produced  from  sorap  iron,  scrap  steel,  and  pg  nsM. 
B  37,  q.  447. 

Catalan  FoBox.  B49,  q.91. 

CAtMBB orLoasiBbaningflfefllnBdnBboair.  A6,q.5]. 

Ghauc: 

Its  thickness  in  Dorsetehire  and  variona  other  iiiHMf. 
D  35,  q.  421.  Resta  oo  the  coal  measures  at  Valen- 
ciennes. .D.36,  q.448. 

Eseaipments  of  the  Weald,  area  between  the  tuaOk 
and  south  esoarpmenta.  D  20,  q.  278.  Onfy  tiw 
lower  ooal  msamrea  to  be  eKpeoted,  q.  279, 

Chalk  Fabh  : 
Steel  rails  tried  at  B  60,  q.  843. 

Chamob: 

Latter,  hot  woric,  June  S3, 1869.  p.  A  97. 

-  GbAenwood  Fobbst  I 

VuaH  brininnff  the  ooal  ^neaanres  against  flie  Cambiiaii 
rocks.  D  o> ,  'q.  539.  Distance  from  flidr  outcrop  ill' 
flie  ndgfabonihood  of  CSianiwood  Foreet  tiiat  the  eoal 
measuns  have  been  traced  undemwtii  the  Permian 
.  and  New  Bed  Sandstone.  D  57,  q.  630.  No  coal 
measmes  are. known  north-east  of  the  prolonged  line 
of  strike  of  the  Chamwood  Forest  rocks  northward 
nearer  than  the  Derbyshire  coalfield.  D  59,  q.  63S, 

Cbblsba  and  Lahbbth  Watbbwobks  : 
Pumping-enffines  made  for..  B  76,  q.  1103.  Uhemibd 
acnon  inflnenoiiig  the  tenqMntnre  in  mines.  A  5, 
q.21. 

.  CttikkOAL  PvNNAraa : 

Improvement  in.   B  10,  q.  136. 

Ghbhioal  SoOKBTT.  B  4%  q.  551. 

Ghbhical  Wobks  : 
In  America.   B  61,  q,  847. 
In  the  neighbourhood  of  Nowoaatle.  B  10,  q.  133. 

Ghbbhibb  Goalfibld  ; 
Maan«  of  wcn-hmg,  modified  on  aooonnt  of  the  high 
aa^  at  ii4iioh  the  coal  is  lying.  G  32,  q.  33^  , 

Ghwnbt  Vbni^iutob.  B.  34,  q.  404. 

.  COlRK  GOLLIBBIBa : 

GomlMBBtifln  of  lonywtfl  aad  pillar  and  botad^  G63, 
q.  1BS7. 

Chokb  Damp  : 
Given  off  by  mines.   C48,q.  1378. 

Ghobj.^t  : 

Undomuued  wiflumt  ainr  notioeaUe  damige.    C  87, 
q.S89I.  ^ 


■  Gabbonic  ActD ; 
-    Deoompoaition  of.  B  15,  q.  240. 

.  CABBONieOximit 

.  .  Its  point  ci  igmtioB. '  A  6,  q.  67.  Quantity  of  earbonie 
add  that  would  eictinguish  the  flame.  A  ^  q.  69.  A 
fifth  of  oarbonio  ondecanied-awi^in  t  f^iriiaee  would 
represent  a  great  waste.  A  6,  q.  72.  The  ^xeafeer  ' 
heat.  Bvohed.when  it  b  converted  utJt  eai^oBut  acid. 
B3l,q.371.  Hoat  evolved  from  jT  n.  q-484. 
No  wMrta  if  tho  lAole  (tf  il  is  aJ^  ^  d9»  q.  493. 

ST4 


GHtrBB*!  Pkbsb.   C  69,  q.  1983. 

by  Seevetaiy  to  Members  vt  Coal  Con- 
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GiBOULABS 

Biissioa:— 
January  24th,  1867.  P.  U. 
Februaiy  6th,  1867.  P.  12. 
March  I7th,  1867.  P.  23. 
Febmaiy  18t&,  1868.  ^  P.  27. 
October  17th,  1868.  P.  45. 
Beoenbce  9th,  1868.  P.  46. 
Deoember  12th,  I86& .  F.49. 
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GincvtA^B  hy  Secretary  to-Hettibcn  of  Coal  Coiif 
miBnoa — ctmt, 

March  11th;  1669.   P.  GO.  ■ 

Jtuw  4th.  1869.  P.  61. 

August  llth,  1869.  P.  61. 

February  2nd,  1870.   P.  62. 

May  16«i.  1870,   P.  63. 

June  2lBt,  1870.   P.  64. 

July  38rd,  1870.  P.  64. 

Jannaiy  9th,  1871.   P.  66. 

February  7th,  1871.    P.  68. 

March.  April,  and  May,  1871.   P.  69. 
'    July22ndri8n.  P.  76. 

AuKiut  li^  1871.  P.  79. 


Coal: 
Gonnuited  in 


the 


of  steuMMnra 
tpdmfaua.  V.E4, 


Bteii&> 


CiBCULABs  by  Committeea. 

A  1.  A  123 
Bl.   B97  - 
CI.  C97 
D  1.  D  103  - 
E1.2.  £.3 


RXFLIIS. 

127-132 

Nn. 

99.100 
107-113 

Vol.  m. 


ClOKDOWN  : 

lliicknesa  of  Inferior  Oolite.    Upper  Liaa  Sand,  Upper 
Lias  Chiy,  and  Marlstone  alMent.   033,q.  373. 

Clares  and  Hop«  : 
State  &at  hot  air  cannot  be  ^^plied  witii  0OOIIOID7  to  tt« 
heating  of  houeee.  B  24, 

Clay.  B  36,  ^.427. 

Clat  Caoas  Colliery: 
Froduoe  per  foot  per  acre.  C  89.  q.  2419.  Proportion 
of  large  and  of  aniBll  ooal,  q.  S424. 

Cue  Hill  Coalfield.  I)  26,  q.  325. 

Clbnt  and  Lickey  Hills.   D  26,  q^SSiS. 

Clerical  Abbistancb.   P.  29. 

Cleveland  Coal  Distri(ct  : 
Tenapentureofthebhetfai.  B37,  q.4<K). 

Clrvblakd  Midland  Ibom  Works  : 
New  ftimaeea  haat  in.  B  21,  q.  269. 

Clifford  Aualgahated  Mines  : 
Deepest  and  hottest  in  the  West  of  England.   A  3. 
Temperatures  observed  on  April  23rd,  1868.   A  4-6. 
Repwts  and  ccurespondenoe  on  tfaia  suhiect,  1869, 
A  97,  98, 99;  100. 101. 

Clifton  : 
Boring  lately  made  at.  D69,q.63S. 

Clifton  Hall  Collisry  : 
Ventfiation  In.  A 10.  q.  103.  Seooi  waAa»K  tL  €  6, 

q.8&. 

CloHneis  ct  the  atmosphere  due  to  e  vast  amount  of 
moistmn.  A  86^  q.  1/28. 

Coal  Band  : 

Of  Belgium  and  of  the  North  at  Franoe  Only  furms  half  . 
a  trough.  D14,  q.  211.   Rocka  on  the  Mwthem  side 
of  this  trough,  Devonian,  q.  213. 

Coal  Box  : 
Of  Amotfs  stove.   B  34.  q.  399. 

Coal-cdttino  MacBinbs  : 
Affl-63.  A68.  q.  1299.  Thar  ooolfaig  eltset.  A  71* 
q.  1339.  Not  mtrodnced  into  the  western  division 
of  the  coal  mines  of  Scotland.  C  48,  a.  1386.  Not 
introduced  into  the  coal  minei  of  Nntn  Wales  and 
Staffordshire.  C  70,  q.  1990. 

Coalfield  : 
In  Scotbmd  cut  up  by  dislocations.  C  46,  q.  1363. 

Coalfields  : 

Originally  oontinnouB..   C  62,  q.  556. . 
Of  Valeneiepnes  and  Fhmoe.  ProlMbilify  of  thdr  ex* 
tensien  under  the  southern  pants  of  England.  -  ])  13, 
RmbaMe  eristwwe  of.  in  the  soutii  of  England.   D  IS- 
26.  D  32.  q.  371.  ■ 

Coal  Grovtbs  : 
Of  Western  Europe.   D  13.    M^  of  coal|mnrihs  and 
ooalfields.  D  r3,  q.  201.    Preeent  ooafiklds  hag^ 
nentsoflaaMcones.  OarbontfiannuMrissorBdaiBin 
andValsncinmM..  jDlld>4.9a6, 


CoAi^HBwnra  BfAiiRnf is  e 
Likely  to  take  the  place  of  the  hardest  pvt  of  the 
labovr  of  the  men  in  deep  mines.  A  46^  q.  803-81^. 

Coal  left  fob  Surface  Support: 

Collieries  north-west  of  Manchester.  C  lO-lI.  Two- 
tlurds  of  the  seam  taken  to  aupport  the  mHace  iriiea 
it  is  covered  wiih  buildings.  C  10.  q.  268.  Instanecs 
of  the  whole  coal  being  left  to  support  particular 
buildings,  q.  2711. 

Quantity  of  coal  left  for  support  in  the  county  of  I^n- 
caster  beconuiig  more  every  day,  q.  280.  KQan  left 
likely  to  lie  to  oe  irrecoverably  lost,  q.  287.  Coal  to 
be  lot  a  considerable  distance  DCTond  Ihe  limit  of  the 
working,  q.  292.  Taking  the  whole  coal  awur  when 
the  propmy  on  the  snmoe  is  not  of  man  valas. 
Cll.q.303.  Kn<mk$. 
■  Poynt<m  and  Worth  Collieries,  Cheshire.  C  28-30. 

No  ooal  left  under  bnOdmn.  C  28,  q.  806.  Houses 
not  rendered  uninhabital£  while  wnking  unda  them, 
q.  8O7.  Leaving  coal  under  bnildinga  would  ha 
greater  loss  than  reputing  them,  q.  812.  Bairiot 
round  houses,  q.  816.  Subsidence,  q.  817.  Coal  that 
should  be  left  to  support  an  important  boOdiiur. 
C  29,  q.  826.  Fcnm  of  subri£ng  ground,  q.  8& 
Barrior  to  be  left  in  a  seam  below  another  seam  undo 
a  building.  C  30,  q.  857.  Increase  of  base  necesaair 
to  leave  with  depth,  q.  864.  landlord  may  put  build- 
ings wherever  he  pleases,  q.  869.  GreemceJ^. 

Shropshire,  Staffordshire,  CheshiR.  C  34.  Maddw 
Court  in  Shropshire,  coal  left  under.  C  34,  q.  1000. 
Claiming  damage  &om  coUieries  in  case  of  buildings 
giving  way,,  q.  1006.    VFy wm. 

Yorkahue  coamdd.  C  40-41.  Coal  left  for  pillaAin 
South  Yorkshire  varies  aooording  to  the  deptii  and 
the  nature  of  the  buildioga.  C  40,  q.  1149.  In  gfloeral 
the  value  of  the  tfaieb  coal  greater  than  the  value  of 
oxdinaiy  buildings  to  be  sn^xHrted.  q,  1152.  IfoE. 

Newbattle  Colliery.  Dalkeith.  C  46.  No  ooal  left  but 
'  to  support  tiie  ^afts  and  the  day  levet  C4(^q.l336. 

Western  cUvision  of  Scotland.  C  51-52.  Greater  pra- 
poition  required  to  be  left  at  greater  depths  tiian  at 
shallow  depths.  C.  62.  q,  14/9.'  Pmpoition  left 
depends  upon  the  nature  of  the  roof,  q.  1481.  Little 
stoep  coal  in  the  west  of  Scotland,  q.  1483.  Extent 
of  surface  required  by  depth,  q.  1486.  Hunying  the 
work  iqjureB  ouildin^  less.  Bolting  walls  together, 
q.  1486.  /Time  in  which  the  snrfhoe  is  fit  fur  buildiDg 
on  after  the  coal  has  been  taken  out  beneath,  q.  149£ 

<  Northumberland  and  Whitehaven  district.   G  58-59. 

In  Northumberland  ooal  left  for  surfitce  aupport  vetr 
trifling.  C  58,  q.  1688.  Practice  to  leavathe  piUsis 
near  Newcastle,  q.  1689.  Boof  omniiur  down  perpen- 
dioulaily,  q.  I70f. 

Proportiim  of  ooal  ti&en  out  undemeaA  mansion 
houses,  q.  1704.  Immediate  flow  criF  q.  1717- 
Warld^^{  steep  coals  under  (3ie  sea.  C  69,  q.  1^3. 
Fbrtter. 

Ldcesterahire  and  Warwickshire  coalfields.   C  74-76. 

No  coal  left  to  support  buildings.    C  74.  q.  2103. 

Buildings sometfanes sttMpeiLq. 2106.  Aneln'. 
South  Stafloidilun  and  Bast  Wcstastmhto  oaaUeU. 

.  C82. 

Buildinn  little  re^ptrded.  C  82,  q.  2264. .  DManee 
beyond  the  working  at  which  tiie  surfiuie  is  aftseted, 
q,  2267.  No  definite  rule  for  leaving  pUhtrs  for  tibe 
protection  of  abuilding  on  the  suifiHie,  q.  22^.  BoAcr. 
C  83-86. 

Ladyshora  Colliery,  Clifton  and  Kearsley  coIUeries  near 
Mancheetsr. 

Reservmis  snd  pipee  and  such  like  to  be  simported. 
C  83,  q.  229^  Two  thirds  of  coal  left.  q.  2296. 
Thickness  (tf  piUars  left,  q.  2299.  Fonn  of  i^e  earth 
to  he  auworted  between  the  mine  and  tba  voAett 
q.  2304.  IKp  to  provide  uiiut  C  84,  q.  2314. 
Maigin  for  aeeurify.  q.  2316.  Smfhoe  works  to  be 
BopKirted.  C  86,  q.  PiOsn  not  teoribed  b 

the  leases.  C  86,  q.  2338.  Ownsr  of  the  w«ka  en* 
titled  to  his  ftmndation.  q.  2348.  Sobsidniee  oosmitf 
to  rest,  q.  2350.   Pillsrs  left  nevcrntnnable,  q.^61. 

Mandieater  and  North  Walea.  C  87-89.  Quantity  cf 
ooal  left.  C  87.  q.  2368.  Best  raetiiod  of  leavmc 
.  support  depends  on  tht  tbiokaess  <rf  the  aiiu^  q.  236C 
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Coal  lkvt  pok  SoiirACB  Support— eo/. 

Responribilitv  whli  n^:ani  to  leaviiiK  snppnt,  q.  3378. 
Unitinf?  imaU  propertwa  fivtdrantageona  coal  ndning, 

q.  2398.  Booth. 
DerbTshire.   C.  90. 

'Whole  of  coal  left  to  support  buildm{(fl  in  9onie  caaef . 
C90,  q.  2448.  Understanding,  that  there  is  a  SO-jard 
pillar  to  be  left  for  support  of  building,  q.  2454. 
Binns. 

Yorkshire  District  north  of  Halifax,  through  Hudders- 
field.  C  91-92.  40  yards  solid  all  round,  usual  to 
Ifave  under  buildings.  C  91.  In  the  better  bed  coal 
is  worked  in  ^teroate  ribs  to  support  buildiogs.  C  92. 
Mammatt. 

'  Coal  Mbabdrbs  : 

In  the  neighbourhood  of  tiie  Mendip  Hilla.  D  10-11. 
Tlitnnihg  ten^emy  (tf  the  •econcMiy  rocks  as  they 
approach  the  Mendip  Hills.  D  10,  q.  149.  Besc 
ptace  to  search  for  coals  a  little  south  of  the  Mendips, 
q.  153.  Arrangement  of  the  strata  between  Bristol 
and  the  marshes  towards  Glastoabury,  south  of  the 
Mendip  Hills,  q.  154.  Average  dip  of  the  mountain 
limestone  soutn  of  the  Menoips,  q.  157.  Denuda- 
non,  q.  161.  Bristol  coalfield  one  of  three  basins. 
D  11,  q.  163.  Greater  number  of  the  halts  north  and 
south,  q.  184. 

Between  Coallirook  Dale  and  the  South  Staffordshire 
coalfield  will  be  exceedicgly  irregular.    D  5d,  q.  512. 

Lying  directly  and  unconformably  on  Silurian  and  Old 
Red  Sandstone  strata.    D  55,  q.  512. 

Bored  at  the  Point  of  Air.  D  74,  q.  630.  Coal  Fatte. 
C  45,  q.  I:i78. 

Coal  produced  pir  poqt  fbr  acre  : 
Collierivs  on  the  north-west  side  of  Manchester.   C  6-7* 
Proportion  of  largeand  small  coaJ  obtained.   C  6,  q.  161. 

Quantity  of  coal  got  ]>er  foot  thick  per  statute  acre, 
q.  154.  Manner  of  proceeding  working  a  three-feet 
seam,  q.  160.  Riddling  the  dust,  q.  166.  Specific 
grarity  of  a  cubic  yard-  of  coal.  q.  168.  Coal  used 
for  colliery  purposes.  C  7,  q.  176>  Saleable  inroduce 
per  acre,  q.  1/9.  Kuowlea. 
Cheshire.   C  26-27. 

In  Chcsbire.  C  26,  q.  742.  One  third  of  the  whole 
Iwge  coal,  q.  744.  sio  small  coal  stowed,  q.  7^5.  No 
coal  lelt  for  pillars  or  for  airways,  q.  fih.  No  back 
pillars  to  crush  upon,  q.  7^8.  No  coal  left  on  account 
of  bad  roofs  or  soft  floors,  q.  749.  Mixture  of  coal 
and  stone  not  worth  anything  leh;,  q.  753.  No  barriers 
left  against  water,  q.  755.  Proportion  of  coal  used 
for  colfiety  consumption,  q.  754.  About  IR  pnr  cent, 
of  the  ccNOl  not  got.  C  27,  q.  769.  Tons  of  coal  got 
per  foot  per  acre  in  Somersetshire,  q.  778.  Pcp-oentage 
of  round  cosl  in  Somersetshire,  q.  781.  Per-centagB 
1^  in  the  mine,  q.  783.  Barriers  left,  q.  786. 
QremwelL 

North  Staffordshire.    C.  33. 

Co:a  left  for  barrier  ribs.  C  33,  q.  959.  Seams  left  on 
account  of  too  inuch  earth  between  them,  q.  965. 
VTorking  seems  in  descending  order,  q.  971.  Common 
dnuDEge,  q.  975,  Wynne. 

Portion  of  the  Yorkshire  coalfield  in  the  neighbourhood 
^fBamsley.   C  39^0. 

Yield  per  foot  per  acre  from  1862  to  1867.  C39,  q.lll8. 
Definition  of  slack,  q.  1119.  Slack  stowed  back  in 
the  goaf,  q.  1121.  Barrier  left  irrecoverably  lost, 
q.  1132.  Miscliief  under  the  old  Yorkshire  system 
was  leaving  the  pillars  too  thin  at  first.  C4U,q.  1135. 
Highest  quantilT  got  over  a  series  of  vorkii^  per 
foot  per  acre,  q.  113B.  Mammatt. 

Newbattle  Colliery.  Dalkeith.   G  44-46. 

Result  of  three  measurements.  Quantity  of  coal  ob- 
tuned  and  quantity  lost.  C  44,  q.  1241.  Proportion 
of  larae  and  of  small  cool,  q.  1244.  No  small  coal 
stowed,  q.  1247-  No  coal  left  for  pillan  for  airways, 
q.  1248.  Shaft  piUars,  o.  1249.  Cosl  destroyed  by 
feuUts,  q.  1251.  No  coal  left  for  roof  except  in  the 
great  seam  level,  q.  1264. 

Buids  of  coal  separated  from  the  main  body,  q.  1252. 
Gob  rooin  for  the  rubbish,  q.  1261.  Levels  more 
expennre  to  make  when  kept  in  advance,  q.  1262. 
Diminishing  the  consumption  of  coal  by  alteration  in 
boilers,  q.  1265.  Production  of  small  coal  connected 
with  steep  inclination  of  seam,  q.  1273.  Coal  Patie 
not  worked.  C  45,  q.  1278.  Smithy  coal  not  wcvked, 
q.  1282.  Damdmnn. 

Western  division  of  Scothuid.  C  49-50.  Quanti^  of 
coal  repieunted  by  an  acre  one  foot  thick.  C  49, 
q.  1393.  Pxo]}ortion  of  large  to  small  by  long-wal^ 
and  by  stoop  and  nwoi,  ^.  1395,  QnMort  MBonnt 
l«488.     Vol.  n.  8 


of  small  coal  stowed  in  the  Torkings  in  .^rshire, 
q.  1400.   Coal  dislocated  bv  fitults,  q.  1404.  Diriaion 
note  made  on  mine?,  q.  l409.   Barriers  taken  out. 
q.  1413.    Working  under  a  river,  q.  14l4.  RHars 
not  worked.    C  50,  q.  1424.    Pillar  and  stall,  and 
stoop  and  room,  the  same  systems,  q.  1427.  Long- 
wdll  rapidly  coining  into  practice,  q.  1429,  Width 
practicable  to  work  a  seam  in,  q.  1438.  Quantity 
of  coal  used  for  colliery  consumption  throi^fhont 
Scotland,  q.  1443.  Alexander, 
Northumberland  and  Whitehaven  district.    C  56-57. 
£ight  per  cent,  lost  in  the  Northumberland  pits.    C  56, 
q.  1595.   Luge  coal,  that  which  passes  over  a  half- 
inch  screen,  q.  1597.    Quantity  left  at  troubles, 
q.  1603.   FUr  average  per  foot  per  acre  for  Nwth- 
umbaland,  q.  1604.    Disposing  of  coal  without 
screening  it,  q.  1624.   Collieiy  consumption,   C  67* 
q.  1651.  Vorater. 
Eastern  part  of  Flintshire.   C  64. 
Ordinary  computation  of  1450  tons  to  the  foot.   C  64, 
q.  1863.   Above  1000  or  1100  tons,  not  ebtuoed  on 
the  average,  q.  1864.  Cnttingham. 
North  Wales  and  Staffordshire.    C  68-70. 
1350  tons  raised  for  sale.    C  68,  q.  1959.    Proportion  of 
produce  at  the  Westminster  colliery,  q.  1960.  Pro- 
portion of  produce  at  the  Harcastle  colliery,  q.  1963. 
One  half  of  the  coal  made  into  slack  at  the  eight  feet 
Banbury  seam,  q.  1965.    Coal  lost  at  the  meeting  of 
two  workings.    C  69,  q.  1973.    Royalty  paid  by  the 
footperacre,  q.  1978.  Increased  produce  by  hydraalio 
pressure,  q.  1980.  Craig, 
CcHilfields  of  Leicestershire  and  Warwickshire.    C  73-74, 
1500  tons  total  produce  per  foot  in  thickvess.   C  -73, 
q.  2064.   Faults  deducted,  q.  2065.   Barriers  against 
water,  q.  2066.   Colliery  eonmimption,  q.  2071.  Vtf^ 
portion  of  small  coal  torown  away  in  smaller  eeams^ 
q.  2070.   Coal  left  occasionally  round  shaft  bottonu, 
C  74,  q.  2092.  Fbwler. 
Soutik  Staffordshire  and  East  Worcester  coaUtelda; 

c  78-79. 

About  640  tons  per'  foot  per  acre  obtained.  C  78, 
q.  2I7O-2I72.  Proportion  of  the  whole  Seam,  got, 
q.  2174.  Proportion  irrecoverably  lost,  q.  2175. 
Proportion  of  ^rge  coal  obtained,'  q.  2180.  Coal 


left  and  lo^t.   C  79,  q.  2189.   Amount  of  unsaleable 
coal  after  it  corner 
Derbyshire.    C  89. 


/y,  q. : 
to  the 


bank,  q.  2195.  Baker. 


Produce  of  the  black  shale  seam  at  Clay  Ooas.  C  89, 
q.  2419.  Produce  of  Topton  coal  at  Clay  Cross, 
q.  2420.   Proportion  of  large  coal,  q.  2424,  fimn*. 

Coal  : 

Remsining  unworked  in  the  Staffbrdshire,  Worcester- 
shire, and  Shropshire  coeJfields.   P.  56. 

Wrought  and  unwrought  in  the  Somersetshire  And 
Gloucestershire  ooalfidds.  F.  67-58. 

COCHRANB,  ChaRLBB: 

Expresses  his  opinion  that  any  lathee  economy  of  oosl  ii 
not  to  be  expected  in  the  pig-iron  distiriot  in  Sontii 
Stidfordihire.  B  26. 

CoUhranr'b  Works  at  Midolesborouob  i 
Temperature  of  the  bUst  at.   B  37,  q.  464. 

Cod EN  Park : 
Coals  discovered  at.  O  83,  q.  674. 

Coffin  : 

Plan  of  hydraulic  pressure  tried  by  bim  for  bonunr 
small  eoal.   C  57,  q.  1633. 

Coke; 

Made  from  washed  coal.   B  41,  q.  540-543. 
Of  South  Wales  and  Durham.   B  7,  q.  96. 

Coke  Ovens  : 

Considerable  loss  of  heat  from  them.  B  11,  q.  154 
Steam  cannot  be  raised  in  them  as  wanted,  q.  192. 
Tar  collected  from  them,  ammoniacal  liquor*  con- 
densed. B  14,  q.  211.  l^oke  escaoRng  from  them. 
B  67,  q.  978. 

CoLBoRTON  district  of  the  LeioBsterslure  coalfield. 
D  106. 

C0LTNB8S  Ironworkb  ; 

Replies  to.   A  132. 

Cooling  Trkdbncy  of  perspiration.  A  87,  q.  1767< 

CoMHiTTRis  appointed.  P.  la. 

Committee  A ; 
Ou  possible  dnitlu  of  wtriunv.  Hanbon  of.  F,  tS. 
70,71.  . 


Digitized  by 


Googl 


638 


oo 


nnuuL 


CO 


CoHMITtEE  B  : 

On  waste  in  combustion.   Members  of.   P.  52,  70,  71. 

COHHITTSS  C : 

On  waste  in  working.   Members  of.   P.  S2,  70,  71- 

CoMltlTTBB  D : 
On  the  probability  of  finding  coal  under  superincumbent 
strata.   Members  of.   P.  53,70,71. 

Committee  E: 
On  mineral  statistios.  Membofl  of.  P.  63,  70,  71< 
Suggeatum  with  a  view  to  nnifumi^  in  the  retorn 
required  by  the  Lords  of  the  Tr^aniy.  P.  11. 
Estimate  of  expenditure.  P.  13-14,  18.  Erpendi- 
tnre.  P.  28-29,  54.  Statement  read  hj  Mr.  Hunt 
showing  the  progreu  of  the  Committee.  P.  26. 
Committee  described.  P.  39,  Ni^mber  of  times  the 
Committee  met.  P.  40.  Report  read  by  Mr.  Hunt. 
P.  53.  Suggestion  by  Mr.  Hunt  that  the  map  on 
which  the  work  of  Committee  D  is  to  be  shown  might 
be  made  to  comprehend  the  work  of  Committee  £. 

COMMITTKI  F  : 

Reporters.   P.  62-68,  70-76. 

Committee  on  Maps.   F.  D  96,  D  98. 

Committee  Men  : 
See  Mmubeks  or  Cohhittki  :  A,  &c. 

COMMISBIONBES 

See     Membbbs  of 

APPOINTED,    p.  12. 


GOHHISIOK.  COITHITTIB 


Committee  Meetings  : 

A  First.    September  2nd,  1866.  -  A  1. 

„' Second.    October  9th,  1866.    A  1. 

„  Third.   November  7th,  1866.   A  2. 

„  Fourth.  January  8th,  1867.  A  2. 
•  „  Fifth.   February  12th,  1867-   A  2. 

„  Sixth.   April  28th,  1868.   A  2. 
Seventh.   May  20th,  1868.   A  12. 

„  Eighth.   June  17th,  1868.   A  20. 

„  Ninth.  July  15th,  1868.  A  24. 

„  Tenth.   February  24th,  1869.   A  25. 

„  Eleventh.   April  14th,  1869.   A  41. 

„  Twelfth.   May  12th,  1869.   A  63. 
Thirteenth.   June  15th,  1869.   A  63. 

„  Fourteenth.   June  16th,  1869.   A  71. 

„  Fifteenth.    July  15th,  1869.    A  81. 

„  Sixteenth.   Februair  16th  18/0. 

„  Seventeenth.   March  15th,  1870.    A  120. 

„  Eighteenth.    April  5th,  1870.    A  121. 

„  Nineteenth.    May  3rd,  1870.   A  122. 

B  Rrst.    September  Uth,  1866.    B  I,  ■ 

.,  Second.   October  9th,  1866.   B  1. 

„  Third.    November  7th,  1866.    B  1. 
Fourth.   January  8th,  1867.    B  2. 
FifUi.   Febniary  12th,  1867.   B  2. 

.,  Siztii.   February  25th,  1869.    B  2. 

„  Seventh.   Apnl  I5th,  1869.   B  15. 

„  Eighth.   May  13th,  1869.   B  32. 

„  Ninth.   June  17th,  1869.   B  52. 

M  Tenth.   July  16th,  1869.   B  70.  - 

C  First.   September  11th,  1866.   C  1. 

„  Second.    October  9th,  1866.    C  2.  . 

„  Third.    November  7th,  1866.    C  2. 

„  Fourth.   January  8th,  186?.   C  2. 

„  Fifth.    February  12th,  1867.    C  2. 
■  „.  Sixth.   April  29th,  1868.   C  2. 

„  Seventh.   May  2l8t,  1868.    C  11. 

„  Eighth.   June  18th,  1868.   C  21. 

„  Ninth.   July  16th,  1868.  C41. 

„  Tenth.  February  10th,  1869.    C  54. 

„  Eleventh.   July  14th,  1869.   C  70. 

„  Twelfth.   March  16tli,  1870.   C  96. 

M  Thirteenth.  April  6th,  1870.   C  96. 

M  Fouzteeath.   Mvr  4thr  1870.   C  96.' 

D  Pint.   October  10th,  1S66.  D  1, 

„  Seoond.  November  7th,  1866.  D  1. 

„  Third.   November  8th,  1866.   D  1. 

„  Fourth.   January  9th,  186?.   D  1. 

„  Fifth,   July  13th,  1867-  D  2. 

„  Sixth.   Maich  4ih,  1868.   D  2. 

„  Seventh.   March  13th,  1868.   D  3. 

„  Eighth.    March  20th,  1868.   D  12.  ' 

„  Ninth.   March  2l8t.  1868.   D  25. 

„  Tenth.    March  27th,  1868.    D  33. 

„  Eleventh.    June  19th,  1868.    D  53. 

„  Twelfth.   June  20th,  1868.   D  58. 
.  >,  Thirteenth.   June  22nd,  1868.   D  61. 

M  fourteenth.   June  23rd,  1668.   D  69. 


D  Fifteenth,   Febmanr  9th,  1869,  D  7& 

-Sixteenth.   June  l!Hh,  1869.   D  96. 
E  First.    October  9th.  1866.   El.      .  • 
„  Second.    November  7th,  1866.  El. 
„  Third.   November 8th,  1866.  El. 
,.  Fourth.   Janoaiy 8th.  1867.  El. 
„  Fifth.   Fdimazy  12th,  1667.   £  2. 

Coumittbe  on  Maps  : 
First,  June  21st,  1869.   B  96. 
Second,  June  23rd,  1869.   B  981 

F.  Reporters.  13  meetings.  June  9th,  13th,  23rd, 
July  11th,  12th,  13th,  14th,  15th.  17th,  18th,  19th, 
20th,  27th,  p.  70-76.  Final  meeting,  July  28ih. 
1871.   78.  /  . 

Common  Drainaob: 
Shr  Smith  ChUd,  a  strong  advocate  for.   C  33,  q.  976. 

Complete  Set  op  Geological  Maps  uoduoed  by 
Pro«B8Sor  Ramsay.   P.  7.  r~  ^ 

Compound  Engines  : 
Lamely  introduced  into  the  Lancashire  manufacturing 
distncts.  B22,q.28D, 

COMPBKSKBD  AlR  : 

Its  power  of  absorbing  carbonic  acid.  A  92,  q.  1866. 
Likely  to  be  effioadons  for  mine  ventiktion  at  meat 
depths.  A  79-80,  q.  1590. 

CoMPREBBBD  AiR  Engimbb.   A  63,  q.  1123-1125. 

COMPKBBSINO  PUMPB.    A  71,  q.  1343. 

CoNCBPTiON  of  ft  theoretically  perfect  engine.   B  5,  q.  32. 

CoNDROs  CuAL  Bands  : 
Beds  of  the  lower  carboni&rona  formation  rattang  upon 
mountain  limestone.   D  15,  q.  215. 

CoNBETT  Irokworkb  : 
Fbtent  fire-brick  stoves  used  effecting  a  remarkable 
economy  by  the  utilixation  d  tba  teounntare  of  die 
gases.  B4l,q.643. 

Consolidated  Mines,  Gwbnnap  : 

Reduction  of  temperature  resulting  from  removal  of 
immense  deposit  of  copper  ore.  A  6,  q.  21.  Im- 
provement of  ventilation.  A  7-8,  q,  76.  Great  heat 
at  100  fothoms  depth  due  to  accumulation  of  comw. 
A  8,  q.  87. 

ComTBUcnoK  or  Boilers.   B  84,  q.  1270. 

Copper  Furnacbs  : 
Regenerator  not  implied  to  them.   B  38,  q.  476. 

Copper  and  Zinc  Smelting  ; 
Economy  of  fuel  in.   B  68,  q.  997. 

Copies  of  Sections.   P.  25. 

Cobngrbavbb : 
Works  at.  situated  on  the  Biver  Stour.    B  669,  q,  34. 

Corliss's  Patent  Revolving  Steam  Engine: 
Constructed  upon  sound  economical  principles.   B  22, 
q.  271.    Two  valves  in  it  for  the  admission,  and  two 
ior  the  exit  of  steam.    B  43,  q.  559.    Does  not  em- 
body a  boiler,  q.  566.    Quantity  of  coal  used.  B45, 

3.  689.  Consumption  of  fuel  with  a  Coriiss  non-con- 
ensing  engine,  q.  591.  Sometimes  rim  up  to  600 
feet  per  minute  of  piston  without  any  extraoidxaiiy 
wear  or  risk  of  damage.   B  48,  q.  652. 

Cornish  Boilbb  : 
With  single  tube.    B  22,  q.  266-267.   With  fire  under- 
neath. B77,  q.  1130.  How  fiu,  in  regard  to  presBoiB, 
it  is  safe  to  go  with.   B  78,  q.  1138. 

Cornish  Engines: 
Inferior  to  rotatory  engines.   B  4,  q.  27.  Intradneed 

at  Old  Ford  by  Mr.  Wiokstead.  B  84,  q.  1261. 
Cost  of  working  between  600  yards  and  792  ywds  in- 
creB8edbywiiidiiv,notby temperattue.  A65,q.l206. 

CoRNisa  Pdhpino  Ehginbb,   B  73,  q.  1047. 

Cornwall  Polttbchnio  Sociitt.  B  33,  q  396. 

CorrnvoHAH,  Tkouas  L.  : 
Bvidenoeof.  C  61-64.- 

System  practised  in  the  coBierisB  trnder  the  Dee. 
C  61,  q.  1802.  Has  fimnd  tiiat,  fai  manyJnstaneea, 
the  records  <rf  workings  are  vety  imperfect.  C  63, 
q.  I840(   Does  Ti6t  knoW  that  there  is  any  otbv 

■  Bystem  tina  that  vhiolHtf-  adopted,  wfaicA  ooold  ba 
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CoTTiNapAM,  Thomas  L,— cWW;  ■'  '  '  ^  „„ 

aaopted  with  b*noflt,  so  far  ft«  he  has  »eBn.  O  6d, 
q.  18M.  States  that  theie  is  no^oubt  th*t  in  work- 
ing a  deep  seam  it  crashes  the  one  abore  it.  C  64. 

qrim. 

CoTON  Park  Ebtatb.  I>  106. 

Count  Buufokd  : 

Hii  estmiate  of  tiie  heat  given  off  from  a  fire  into  the 
boose,  and  the  amonn^  tlut  vent  to  waste.  B  34, 
q.401.  B68,q.816. 

County  OP  DuBHAM :  . 
Manner  of  working  seams  of  coal  m.    C  8,  q.  222. 

Besenerators  applied  by  him  for  healang  the  blast. 
jB.37,q.  460. 

Cowpbb'b  Stotb  ; 
B64,q.  761.  . 

Arrangement  fbr  Bteam-Jaeketuig,  ice. 


B  55-66. 


Cbbnver  and  Abraham  Copper  Mine:  : ,  -i 
Bxperinients  mada  iA,     Cbptaia  Lean.   A  107.  ■ 

Crbtacbou^  Strata: 
Thiokneea  of,  over  the  area  of  Dorsetshire.  B  35,  q.  413. 

Crkwb  Station  : 
Selected  for  trying  Bfl8seiaer*8  steel  tails.   B  60,  q.  843. 

Crrwb  Works: 
Steel  prodnoed  at.   B  37,  q.  468: 

Crops  op  Skvkn  Wobkablb  Sbajib  or  Goal  in  the 
diatriot  near  Bamsley.   P.  26. 

Crystal  Palace : 
Pumping  for  it  at  Brixton.   B  66,  q.  787* 

Cubic  Yard  op  Coal  : 
Specifio  gravity  of.  C  6,  q.  168. 

Custom  in  Letting  Mines  in  Lancashire  and 
Cheshire  is  to  have  so  much  per  foot  thiok  per  acre. 
C  6,  q.  161. 


Coventry:  -    .  , 

Seams  of  coal  oommg  together  forming  a  thick  seam. 

C75,  q.  2113. 

Craig,  William  Young  : 
Evidence  of.   C  65-70. 

Hanwell  C<^ry.  Working  under  the  estuarv  ai  the 
Dee,  ten-yard  drift  system.  C  65,  q.  1894-1901.  No 
case  of  water  getting  in.  C  66,  q.  1922.  Level 
swamped  in  consequence  of  Hubsid«aice.  C  67,  q.  1935. 
Does  not  think  that  any  injurious  effect  was  produced 
by  working  the  lower  seams,  q.  1939.  .  Thinks  that,  in 
worldng  near  any  fault,  a  fracture  is  likely  to  be  met 
with  np  to  the  fturTace,  q.  1947.  Does  not  recommend 
the  old  wicket  system  of  workinff,  q.  1964.  Workers 
pay  for  coals  io  North  Wales  uid  North  Staffordshire, 
C  68,  q.  1961.  PiUars  left  for  the  support  of  roads 
generally  crushed  and  lost,  q.  1964.  The  Lancashire 
system  of  working  in  every  rwpect  the  best.  C  69, 
q.  1975.  CommeiciaUy  advanta^ous  to  use  hydrauUc 

.  pcesiea.  C69,q.l986.  ■ 

Crampton,  Thomas  Busbbll  : 
Evidence  of.  B27-^.' 

To  obtain' paefeet  oondraslxm,  gases  must  be  intimately 
■  mixed.  Double  the  quantity  fjf  air  required  fdr  perfect 
combustion  enters  the  ftihuoe  when  ouming  coal  in 
the  ordinary  manner.  Siemen's  process  nearly  perfect. 
Fuel  reduced  to  an  impalpable  powder,  mixed  with  aii, 
placed' in  a  given  amount  of  heat  in  a  small  chamber. 
ITie  gases  will  he  evolved,  and  burnt  nearly  as  rapidly 
as  gas  is.  A  series  of  experiments  instituted  in  order 
to  know  to  what  fineness  the  coal  must  be  reduced. 
B  27-28,  q.  330.  Description  of  furnace  with  which 
the  experiments  on  burning  small  coal  were  made. 
B  28,  q.  329-330.  Besides  a  saving  of  Igmc^  oa»'third 
of  the  fUel  was  saved  in  these  experunemtB.  B  28^. 
q.  331.  Absolutely  dry  eoal  not  nqtdfed.  B  29, 
q.  332.  Quantity  of  ash  makes  no  diffeieooe.  B  29, 
q.  334.  A  longer  or  a  circuttoos  chamber  required  to 
bum  steam  coals.  B  29,  q.  343.  Welsh  coa  not 
tried.  B  29,  q.  347.  Men  ^d  in  five  hours  and 
a  half  from  the  furnace  what  they  had  been  ac- 
customed to  do  in  twelve  hours.  B  3D,  q.  350. 
pecompQsttbn  of  carbon  into  carl^nic  acid  gives 
sufficient  temperature,  but  the  rapid  cwnbustion  of 
hydrogen  tends  to  lessen  the  time.  B  30,  q.  352. 
A  co^ furnace  got  up  to  a  welding  heat  io  three  nours. 
B  30,  q.  356.  In  all  the  North  countty.and  inland 
coals  tried,  the  same  furnace  acts'  perfectly.  B  30, 
q.  364.  Melting  or  welding  point  is  anyrrfaere  within 
me  limits  o(  the  flame  all  over  the  utilising  chamber. 
B  30,  q.  366.  Combustion  completed  at  the  bridge. 
B  31,  q.  377.  The  experiments  prove  that  the  huge 
coal  should  he  onuhed  for  welding  and  similar  pur- 
poses. B  31,0.381.  Small  coal  Mnened  iirom  Urge 
eoal  would  <to  20  par  cmt.  more  vark  than  the  la^e 
ooal  from  which  it  was  taAcen.   B  31,  q.  385. 

Chu.iiFro2i*B  system  of  throwing  in  the  Ooal  into  the 
fdmace.  in  the  shape  of  powder.  B  73,  q.  1034. 
Throwing  the  coal-dust  into  the  fumaee  with  a 
measurea  volume  of  sor,   B  75,  q>  1073.' 


Creep : 
Tempentue  inomsed  hj. 


A  32,  q.  466^67. 


CwMBACH  Colliery  : 
Tabular  view    experiments  on  temperature  at 

A  31, 


Qreatec  tendency  to  creep  m  deep  muM  than  in  shallow 
ones.  A  36,  q.  669-674. 


ASS. 


Cwudarb  : 

Tabular  view  of  experiments  on  temperature  at.   A  26. 

A  31. 

CwM  Neol  Collieay  : 
Tabular  view  of  experiments  on  temperature  at.   A  26. 
A  27.   Increase  of  temperature  with  depth  1**  in  60 
feet   A  28. 


Dalmbllinoton  Colliery,  Ayrshibb: 

Coming  unexpectedly  on  a  bed  <^  gravel  whk^  let  in  the 
river  in  approaching  near  the  river  Doon.  C  67, 
q.  1947. 

Damp  Cqal: 
Experiments  tried  OB,  by  Mr. 'Hunt,  whothinkB  fbat  he 
could  deal  with  15per  cent  (rfwidWior  periiaps  more. 

B  29,  q.  332. 

Dampeb  op  Furnace  being  kept  in  the  right  place,  and 
preventing  the  heat  from  going  away  too  ra^dlj, 
increases  the  duty  by  1  lb'.    B  73,  q.  1034. 

Darlington  : 
Experiments  made  by  him  upon  the  redaction  of  zino 
ore  at  some  works  near  Roabon:  '  B  70^  q.  lOOr. 

Datbs  of  Mbbtinos.  See  General  Meetings  And  Cam- 
mittee  Medangs. 

Davidson,  Jambs  : 

Evidence  of.   C  43-46.   Newbatle  CoUierr,  Mid)Dthian. 

Proposes  to  work  the  coal  on  the  dip  side  by  a  down  set. 
C  43,  q.  1196.  The  coal  on  the  dip  side  will  be  more 
expensive  to  get  in  the  first  place,  but  expects  it  will 
be  cheaper  in  the  second  place,  q.  1198.  Thinks  lhat 
the  cost  of  transit  would  be  less  on  the  dip  side  than 
on  the  other  side,  q.  1199.  Would  get  the  water  off 
bystonedrifts  at  diflbrent  depths,  q.  1204.  Advantage 
of  cross  cutting  the  strata  above,  q.  1209.  Working 
down  hill  saves  the  expense  of  transit,  q.  1214.  Uses 
powder  a  good  deftl  in  the  levels  only,  o.  1225.  lliinks 
that  the  use  of  gunpowder  is  obiMtiondile,  q.  1227. 
Fulfy  more"  coal  got  when  the  bands  are  separated  than 
when  not.  C  44,  q.  1260.  Plenty  of  gob  room  Civ 
rubbish  by  working  long-waU,  q.  1261.  Snull  ooal 
used  for  colliery  consumption.   C  44,  q.  1267. 

Two  OTlindrical  egg-ended  boilers  reqaired  to  keep  a 
wintuiig  engine  of  two  22-inch  cyltnoers  and  five  feet 
stroke  going.  C  44,  q.  1268.  Ondy  dBfsct  of  the 
working  of  the  lower  seams  at  the  same  time  upon  the 
upper  seams  is  the  derangement  of  the  sen-acting 
phuies.  C46,  q.  I3tl.  Each  separate  seam  and  ea(£ 
set  of  levels  above  the  other,  q.  1313.  Strata  so  steep 
as  not  tu  show  undulations,  q.  1317. '  No  attentioa 
paid  to  working  the  upper  seams  in  advance,  hut  the 
result  is  that  theyue  worked  a  little  in  advance  of  the 
lower,  q.  1318. .  Tloi  a  more  1^  aoddent  than  deaffii, 
q.  1320. 

Davidson  : 
Replies (tf, to drcnlar.  CI. 
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DiDiN.  F. :  ' 

Evidence  of,  rMpectiog  the  Turkiah  Baths,  76,  JermTii 
Street.   A  72-73. 

Men  have  not  to  work  in  a  room  of  a  hifi;her  temperatiue 
than  120°.  A  72,  q.  1370.  Their  kind  of  labour  in 
that  temperatnre,  q.  1371.  Not  hard  work  on  the 
part  of  the  operator,  q.  1372.  No  inconv(!nience  fdt 
m  performing  the  work,  ci.  1374.  Shampooing  of 
each  person  oecu[He8  20  minptes,  q.  1376.  The  men 
hare  mquently  to  shampoo  scveial  persons  in  sac* 
oenion,  withoat  any  interval  of  rert,  q.  1376.  At  the 
bow  time  ti»«e,  q.  1377*  Not  exhausting  work, 
q.  1379.  Has  known  men  do  the  work,  tnth  only  a 
Uw  minntea'  interval,  for  three  hoars,  q.  1380.  Hiis 
an  extreme  case,  q.  1381.  Alternations  of  work  and 
rest,  q.  1382.  Interval  of  rest  the  men  have  while  in 
the  eBtablishment,  q.  1383.  Actual  labour  of  the  men 
during  the  forenoon  -40  minutes,  q.  1385.  Interval  of 
rest  the  men  have  in  the  afternoon,  q.  1386.  They 
oome  out  cool  and  refreshed  when  there  is  an  oppor- 
tunity, q.  1388.  Labour  would  be  about  equal  to 
rowing,  q.  1392.  Men  enjoy  very  good  nealth, 
q.  1^3.  In  case  of  pressure  the  pen  could  go  on  for 
five  hours,  q.  1396.  The  men  could  do  more  work 
than  they  do  consistently  with  good  health.  A  73, 
q.  1400.  No  care  takm  in  adecting  the  men  employed. 
A  73,  q.  1407.  Mode  of  ventilation,  q.  1408.  Great 
oligeot  in  a  Turkish  bath  to  keep  the  air  as  dry  as 
possible,  q.  1410.  U<A  ur  blown  sfninat  a  person,  is 
not  higher  than  the  temperature  of  the  bath,  wool  1 
sferike  cooler,  q.  1413. 

Dkcabburisation  op  Iron: 
Decarburisatjon  goes  on  internally  mtbiu  the  fiuid  mass. 
A  sudden  increase  of  temperature  necessary  to  wela 
the  granules  of  iron  t^ether.  when  they  form  in  the 
■emi-fluid  man.   B  35,  q.  413. 

Dn  Rivir:  , 
Working  coal  under  it.   A  40,  q.  653.   Parties  shonU 
not  be  permitted  to  work  omI  under  the  seas,  rivers, 
and  estuaries  in  such  a  manner  as  to  ruin  and  deafcroy 

a  whole  district,  q.  656. 

Dup  Yard  Mine: 
Bowlnidge  colliery  shaft  673  yards  deep.  A  64,  q.  1 149. 

Dup  Shapts  more  advantacceoiu  for  ventilation  than 
ahaUowooes.  A  79,  q.  1590. 

DuPBST  Mine  in  England,  2,019  Ibet.  A  108-111. 

PXMBY  COLUBRT  : 

Experiments  performed  at,  on  the  ratio  of  the  increase  of 
the  tempentare  of  the  earth's  cmst  in  descending. 
A  17,  q.  219. 

DiNNA  COLLIBRY: 

mole  of  the  coal  worked  out.    C.22,  q.  644. 

Dbkbtbhirb  and  Leicbstbrshirr: 
System  of  working  coal  practised  in,  would  not  answer 
with  the  coal  of  the  coal  district  in  the  ndghbonrhood 
of  Bameley.   C  39,  q.  109?. 

Prscription  of  the  general  position  of  the  Goal  Seahs 
around  the  Permian  and  Triasne  areas  of  South  Lanca- 
shire and  Ncnih  Cheshire.  Coal  seams  found  to  dip 
in  a  westeriy  direction,  proceeding  tSoDf  the  Poynton 
coalfield  in  ChMhtre,  under  the  iViaasic  and  Pnmian 
neks.  At  DukinBeld  and  Ashton-under-Lyne  tfaey 
dip  in  the  same  direction  under  the  same  rocks.  A 
■imilar  tendency  to  dip  towards  the  south  in  the 
direction  the  newer  formationa  along  the  southem 
marnn  of  the  Lancashire  coalfield.  Similar  tendency 
to  dip  in  tiie  direction  of  the  newer  formations  in  the 
FUntslure  coalfield,  along  the  eatuary  of  the  Dee. 
D  28,  q.  327. 

DvTAOHBD  Arbab  Permian  rocks  in  Dumflusahire. 
Tbes^  wifli  tiie  exception  of  two,  have  no  carbonifinmu 
rocks  in  contact  wim  them.  No  {oobaUlitf  of  finding 
coal  in  tlw  one  beneath  die  Famian  aandstones,  and 
littifl  proapectof  anyworkaUecoalocenriingf  undn  the 
Permu>n  sandstones  of  the  oth«.  D  104. 

Devonian  Lihbstonb  rising  to  the  clay  or  found  under 
the  cretaceous  rocks  at  F^chenelle.   D  22. 

Dbtonihirb,: 

\MMgB  trough  of  carboniferous  rocks  in,  bounded  on  the 
north  and  south  by  Devonian  rocks.   This  great  car- 
boniferous tract,  of  no  value  as  a  coalfield.   D  23. 
Coal  measures  of  the  lower  unproductive  ooal 
D  24,  q.  312. 


Dbvon8Hibb  Coalpibld  : 
A  fragment  of  the  South  Wales  coalfield.   Both  frag- 
ments of  a  much  laner  coalfield  now  partir  gone. 

D12,q.  198. 

Diagrams : 

Showing  results  of  experimenta  on  the  temperatures  of 
mines,  by  Mr.  Wm.  Jott  Henwood,  John  Forbes, 
M.D.,  and  R.  W.  Fox,  F.R.S. : 
No.  1.  Facing  page  A  3.   The  observations  of  Mr. 
Wm.  Jory  Henwood  iQ  the  Cornish  mines,  showiog 
that  the  same  temperature  occurs  at  diffbrmt 
depths. 

No.  K.  Preceding  No.  1.  Mean  results  of  the  tempe- 
rature of  se^'en  mines,  by  John  FOTbes,  M.D.,  show- 
ing the  temperature  of  the  air  and  water  at  the  same 

depth. 

No.  3.  Preceding  No.  2.  Mean  temperature  at  rocki 
only  in  five  difiterent  mines^by  R.  W.  Fox,  F.R.S. 

No.  4.  Preceding  No.  3.   Tlie  observations  of  Robert 
Were  Fox,  F.R.S.,  on  the  temperature  of  the  totkt 
water,  and  sii  in  some  Comiah  mines. 
To  illustrate  experimenta  by  Sir  W.  Armstrong.  3ee 

Report  A,  Vol.  I. 

Diagram  : 

Showing  the  temperature  ia  the  coal  separating  the  in* 

take  and  return  air-way  facing.    A  60. 
.  Showing  elevation  of  Pilkington  Hill;   A  61. 
Of  temperature,  Mont  Cenia,  &c.   A  101, 102. 

Dickinson's  hygrometrical  and  other  tables.  Rose  Bridge 

and  other  deep  mines.   A  108-122. 

Different  Individuals  atand  different  temperatures. 
The  inhabitants  of  hot  climates  would  be  expected  to 
stand  much  higher  temperatures.   A  91,  q.  1856. 

Difpbrencb  between  the  quantity  of  heat  affbrded  by  the 
combustion  of  a  ton  of  coal  in  the  form  <^  cc^  and  in 
the  fonn  of  coal.  B  12,  q.  164. 

Dipperence  between  a  stoke-hole  and  a  mine.  In  a 
stoke-hole  the  men  get  a  constant  supply  of  air.  A  83, 
q.  1668.  Firemen  on  board  ship  get  constant  relief  by 
coming  on  deck ;  in  a  mine  the  men  are  down  firom 
morning  to  night,  q.  1670. 

Dipperence  between  the  heat  evolved  by  the  combustion 
of  carbonic  oxide  and  that  wbidi  is  evolved  by  the  com- 
bustion of  carburetted  hydrogen.    B  3-4,  q.  6. 

Difficulty  in  deciding  whether  or  not  the  coal  measures 
are  continuous  all  the  way  in  the  country  between  Coal- 
brook  Dale  and  South  StafFordshue.   D  84,  q.  693. 

Dillwyn'b  Works  : 
Saving  of  fiiel  by  Siemena'  process.   B  53,  q.  744-745. 
Six  fnmacea  put  np  on  Siemens*  process,  q.  745. 

Diminished  effect  of  gas 'in  boDers  as  compared  with 
that  which  is  obtained  by  ^  furnaces.  In  a  bofler 
there  is  not  the  sana  maigm  for  recovering  tiie  he^ 

A  6,  q.  57. 

Disease  : 

Not  found  among  the  men  working  at  a  high  tempfr 
rature  in  Lancashire  coal  mines.  A  67,  q.  1268.  No 
consumption  resulting,  q.  1269. 

DnsiMiLARiTT  cf  the  PMmiui  rocks  of  Central  England 
and  Shropshire,  and  of  those  of  Lancaahire  and 
Cheshire.  Disaimilarity.so  great  that  it  ia  almost  im- 
possible to  suppose  that  they  were  depodted  in  Uie 
same  baun.  D27,q.327. 

Doctor  Lloyo  : 

His  statement  with  r^ard  to  the  economy  of  coal  in  the 
man  □  fact ure  of  glass  at  his  flint-glass  works  at  Bir* 
mingham,  where -Mr.  Sicmm  put  up  <Hie  of  his  fur- 
naces. Used  only  48  per  oent.  of  tne  wdght  of  coal 
he  had  tised  formerly.  Enabled  to  nae  a  mwdt  cheaper 
kindofooaL  B  55.  q.  762. 

DoLcoATH  Copper  and  Tin  Minb  :  - 
Three  miles  west  of  Redruth.   Experimenta  on  tonp^ 
rature  made  in,  by  John  Rule.   A  107. 

Donnibhobpe  and  Frith's  Apparatus  : 
Works  like  a  mck.  Wwked  by  cominnssed  ur.  CTO, 

q.  1989. 

Double  Tube  Boiler  : 
More  safe  and  durable.   B  80,  q.  1188.   Equally  abong 
as  the  ^g^^aided  boiler,  whicn  is  extreme  dangnrnis, 

q.  1189. 
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DOWUIB  COLUBST : 

Number  of  veins  of  coal.  Out  of  37  beds  of  coal  only 
14  are  working.  C  12,  q.  330.  Thickness  of  the 
veins,  q.  331.  Thurtr  feet  thick  worked,  q.  332. 
Thinnest  seam  worked  15  inches,  q.  334.  Worked 
in  coi^unction  with  ironstone,  q.  335.  Thinnest 
seam  worked  for  coal  alone  2  feet  4  inches,  q.  337. 
Coal  of  this  seam  has  great  evaporating  power,  q.  340. 
Is  smokeless,  o.  341.  A  heavy  coal,  and  little  ash 
remaining,  q.  342.  Great  difficulty  found  in  changing 
the  aystem  of  working  to  long-wall.  C  14,  q.  375-376. 
Work  carried  on  for  a  great  many  years  on  the  long- 
mil  system.  Coal  got  by  long-wall  in  a  much  better 
state  for  the  maricet  than  it  was  when  worked  by 
pillar  and  stall.   C  17,  q.  468. 

DowLAM  Ironstomk  Minbs  : 
lUnilai  view  of  ntperimente  on  temperstore  in.  A  25. 

DowbAiB  Ibonwobkb,  Mbbthyx  Ttdvil  : 
Best  results  of  furnace,  20  cwta.  of  coal  to  a  ton  of  ^ig- 
iron  made.  White  iron  caa,lM  made  at  a  lower  yidTd 
than  grey.  Greater  chances  of  irregularity  in  the 
working  of  a  furnace  on  white  iron  tending  to  increase 
the  consumption  of  coal.  B  7,  q-  i)^.  Average  result 
38  cwt.  of  iron.  Conditions  on  which  the  economical 
working  of  a  furnace  depends.  The  larger  the  furnace 
within  certain  limits  the  better  the  work,  q.  95. 
Dep&  of  grates.  A  foot  to  15  inohes  of  coal  on  the 
bar.  Quantity  of  coal  used.  Great  saving  effected  by 
utiUzing  the  blast  furnace  gasce  and  the  waste  heat  of 
the  puddling  furnace,  q.  !'7.  Application  of  the  fan 
blast  enables  the  iron-maater  to  use  small  coal  in 
paddling.  B  8,  q.  US.  Blast  furnace  gases  appUed  to 
foiges  and  mills.   B  9,  q.  108. 

Dravohts  : 

Kegulated  by  the  size  of  the  flue  at  the  end  of  the  fur^ 
nace  next  the  stack.   B  70,  q.  999. 

Drifts  : 

Heat  radiated  from.  A  79,  q.  1673.  Length  of  them  in 
North  Staffordshire.  C  31,  q,  892.  Always  adviMble 
to  drive  on  the  first  opening  of  the  colliery.  G  31, 
q.  895. 

DsiviKO  Lkvelb  : 
To  the  extremity  of  a  coal  mine.  C  4,  q.  38.  Not  more 
expensive  than  having  to  carry  the  walls  on  each  side 
of  the  road,  q.  39.  I'ime  taken  in  driving  1,500 
yards,, q.  41.  intermediate  levels  not  driven  for  the 
working  places  until  jnst  when  they  are  about  to  be 
wanted.  C  6,  q.  146. 

Dby  Air  : 

Advantage  of  supplying  it  to  mines.    A  87,  q..  1748. 
Dry  Coal  ; 

Requires  a  longer  or  circuitous  chamber.   B.  29,  q.  343. 

DUCLOS  ; 

Experiments  by  him  on  the  reduction  of  xino  from  the 
ore.    B  70,  q.  1008. 

DuFr : 

Banked.  C.27,  ^.  773.  Mixed  with  what  passes  through 

the  screen,  q.  /74. 

Ddpfbyn  Collibbibs  ; 
Ventilatioa  in  shaft  used  to  be  as  hot  almost  as  a  blast 
furnace.   All  this  got  rid  of,   A  35,  q.  540. 

DuKB'g  Revolvinq  Flats  : 
Very  good.    Certain  objections  to  it.   B  76,  q.  1093. 

Ddkinpikld  Collibxy  : 
Mr.  Fairbum*s  observations  on  the  increase  of  tempe- 
rature with  depth.  A6,  q.  51.  1"  in  every  89  feet  of 
increase  ctf  temperature  m>m  1,000  feet  down  to  2,151 
feet.  Variation  in  the  temperatiue  supposed  to  arise 
from  slate  being  always  warmer  than  granite.  A  8, 
q.  95-96.  Set  of  obser\'ations  on  temperature  done 
with  great  care,  q.  98.  Increase  of  temperature  with 
depth  according  to  Mr.  Hopkins.  A  10.  Temperature 
of  no  variation  found  to  be  at  5'  6  yards  from  the  sur- 
twx.  A  15,  q.  198.  Depth  of  Aatley  pit.  A  20, 
q.  289.  Tabuur  view  of  experiments  on  temperature 
made  at  AaOey  pit.  A  21.  Increment  of  increase  of 
temperatore  witli  depth  l"  in  80  kei.  A  23.  q.  392- 
393.  Deep  Dnkinfield  pit ;  deepest  point  leaohed  in  it 
7/0  yards.  C  31,  q.  909.  Inclinstion  of  stnte  «t 
surface  18  inches,  q.  911.  At  the  botton  of  the 
shaft  14  inches,  q.  912.  Inclination  when  the  engine 
plaoe  is  10  inches,  q.  914.   Driving  out  to  the  ex- 
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tremities  before  commencing  to  work  die  seam,  q.  919. 
Deepest  pit  most  abundant  m  small  coal.  C  32,  q.  944 . 
More  small  coal  produced  in  consequence  ctf  the  greater 
P^ssure,  q.  945. 

DUNDBY : 

Thickness  of  the  inferior  Oolite,  70  fisei  Upper  Lias 
Sand  uidChiy,  as  well  as  the  Marbtone,  absent.  Thick- 
ness of  the  Lower  Uas  at  ftrom  390  to  420  fleet.  Thick- 
ness of  the  New  Red  Sandstone,  70  feet.  D33,q.373. 

Durham  and  Northumdbbland  Coalfield  : 

Points  have  been  reached  where  a  rise  has  taken  place 
seawards.  A  39,  q.  648.  Depth  at  which  the  coal 
in  Durham  is  met  under  the  sea,  a  guarantee  against 
the  sea  breaking  in,  q.  649.  A  point  where  the  coal 
will  rise  up  to  the  ^ea.  A  40,  q.  650.  Irving 
barriers  betweeu  the  winnings  might  be  a  very  incon- 
venient thing,  q.  651. 

Durham  and  Yorkshire  Coalfields  : 

Whether  connected  underneath  the  Oolitic  and  Triassic 
beds  of  East  Yorkshire.  General  incHnatinn  cast- 
word  of  all  the  carlmniferous  locks.  If  thatinclinalion 
continues,  the  coalfield  must'necessarily  come  in  along 
a  certain  line.  Professor  Ramsay's  view ;  that  in  all 
these  co&lfields  there  is  a  tendency  to  their  being 
thrown  into  basins  disconnected  with  each  other. 
D  28,  q.  327. 

Dynamical  Tbborv  of  Heat: 
The  light  of  the  theory  shows  a  large  mo^in  fur  improve- 
ment  iu  steam  engines  and  caloric  eugines  generally. 
Realising  some  portion  of  the  advantages  indicated  by 
this  theory.    B  2.  q.  1. 

Dynamometer  ; 
Ascertaining  the  power  of  a  condensing  engine  hr, 
B  47.  q.  643»  -OB/ 


E. 

East  London  Waterworks: 
CSiBrles  Greaves,  engineer  to.   B  83,  q.  1250.  Pumping 
engines  of  the  mterworks  around  Londtm,  examplers 
of  the  best  pumping  engines  now  in  tiie  kingdom. 

B  84,  q.  1260.  ^ 

East  Whbal  Crofty: 
Rapidi^  of  cooling  in.   See  B^iidify  of  Cooling,  &o. 

Economic  bpfbct  greater  by  coal  used  under  boilers  than 
under  furnaces.  B  6,  q.  58.  Loss  of  nine  tenths  in 
the  employment  of  fuel  under  steam  boilers.  A  still 
greater  loss  in  the  employment  of  fuel  in  furnaces, 
q.  60.  In  working  high-temperature  furnaces  nine- 
teen twentieths  of  the  heat  is  lost,  q.  61.  Loss 
attributable  to  the  high  temperature  at  which  the 
gases  leave  the  work,  and  to  the  imperfect  combustion 
which  generally  takes  place  in  high-temp^ture  hu- 
naees,  q.  62. 

Edge  Gbbbn  Colubrt,  near  Abhton-in-Makbr- 
fibld  : 

Several  shafts  sunk  through  the  New  Red  Sandstone 
and  Permian  beds  into  coal  measures*  Section  of  one 
of  them.   D  106. 

Education  of  Engineers  : 

An  invention  promuing  well,  may  foil  if  it  is  beyond  the 
education  of  those  who  are  to  use  it.  However  perfect 
an  apparatus  may  be,  it  will  fail  if  beyond  the  potter 
of  the  attendants.   B  81,  q.  1219. 

Education  of  those  ranplOTing  fiid.   B  82,  q.  1221- 

1222. 

Education  of  the  steam  user ;  steam  user  requires  to  be 
ednoated  as  well  as  the  engineer.   B  82,  q.  1224.  ' 

Education  of  Directors  of  Works  : 
Technical  education  would  greatly  improve  the  man  iHio 
has  to  discipline  the  machine.  By  the  increase  of 
knowledge  in  that  direction,  great  future  economy  is 
to  be  hoped  for  in  those  persons  who  are  directors  of 
vorks.   B  82,  q.  1225. 

EFrscn  of  high  temperature  on  labourers  in  hot  climatM, 
When  supplied  with  water  during  high,  dry  tempers 
tures,  th^  worked  mth  the  greatest  posnble  fiunlifrr. 
A  84,  a.  1683-1684.  Effecte  of  a  high  temperabre 
on  the  lungs.   A  85,  q.  1702, 
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ErrBCTS  of  a  moist  atmoiphwe  on  iBbonran  ■  in  a  hot 
dimate.  Dnrinp:  moist  tanperatum,  at  lour  thenno- 
metrical  heats,  labour  waa  perfonned  with  difficult. 

A  84,  q.  1683-1684. 

£go-sndkd  BoiLBB : 

Extremely  dangerous.  B80,  q.  1189.  Exploaiom  very 
numerous,  q.  1190.  Explosions  atbibuted  to  tiw 
action  of  the  fixe  outude,  q.  1191 . 

Electricity  ab  a  Motive;  Fowbb  : 
No  pnbalHlity  of  itB  ever  being  commercially  useful ; 
ooit  of  it  aa  (sompaxed  with  coal  w  vaj  gre^  B  87. 
q.  1300. 

Elbmintb  of  Phybicb: 

Amott'B.   B33,q.m  B34.q.397. 

ElBMOBB  COLLIBKY  :  ^ 

Experiments  on  temperature  made  m  the  Hetton  ^ta. 
Temperature  of  the  air  reduced  H  desree  after  it^d 
mixed  with  the  exhaust  air  from  the  cnal-outting 
madunes.  A  61,  q.  1102.  Plan  of  the  main  coal 
warn.  Tabular  view  of  experiments  made  in  the  main 
coal  seam  to  aaootain  the  reduction  of  the  temperature 
of  the  air  by  the  exhauat  air  from  ooal-outtiDg  machines. 

A  62. 

Elliot,  Gborgs  : 
Evidence  of.   A  26-41. 

Tlunks  that  it  will  be  established  that  i*ie  increase  of 
temperature  in  descending  the  earth's  omBt  is  due  to 
the  superincumbent  strata.   A  25,  q.  398. 
Experiments  made  with  a  view  of  ascertauning  whether 
in  the  same  colliery  the  temperature  varies  with  the 
superincumbent  strata,  q.  399.    Tabular  views  of 
experiments  on  temperature  made  at  Upper  and  Lower 
Duffiyn.   A  26. 
Thinks  that  the  increase  of  temperature  due  to  the  depth 
from  the  Burfece,  when  the  surface  is  a  hill,  corresponds 
with  the  increase  of  temperature  taking  place  upon  a 
plain  surface.   A  27.  q.  413.   Tabular  view  of  experi- 
ments on  temperature  at  Cwm  Neol.   A.  27.  External 
air  does  not  affect  the  temperature  beyond  the  depth 
of  four  feet,  q.  419,   Tabular  view  of  experiments  on 
temperature  at  New  Tredegar.   A  28. 
Condudea  that  the  increaae  of  temperature  is  detennined 
by  depth  from  the  surface,  and  has  no  reference  to  the 
depth  below  the  level  of  the  sea.   A32,q.463.  Con- 
siders that,  under  all  conditions  of  surface,  there  is 
a  steady  increase  of  something  like  1°  fbr  every  60  feet 
in  descent,  469.   That  this  heat  is  to  be  contended 
with  at  whatever  depths,  and  that  it  would  be  some- 
what in  tWs  ratio,  q.  470.    Is  of  opinion  that  the 
increase  of  temperature  is  to  be  counteracted  by  in- 
creasing the  quantity  of  wr,  q.  471.    Would  contem- 
plate the  application  of  mechanical  means,  q.  474. 
'So^  easy  to  work  in  deep  pita  in  consequence  of 
pressure,  q.  479-480.    Leas  labour  obtained  from  a 
man  working  in  a  temperature  of  80*^  than  when  the 
temperature  is  less,  q.  478-    Thinks  ftat  improved 
ventilation  would  enable  the  working  man  to  do  his 
work  at  a  higher  temperature  for  the  same  money  as 
he  is  now  getting  for  it,  q.  483. 
Coal  can  be  cooled  down  by  ventilation.  Practical 
demonstration  of  this.   A  33,  a.  493.   Does  not  place 
any  Bgh  value  on  a  coalfield  which  would  be  worked 
at  a  depth  corresponding  with  a  temperature  of  100° 
but  has  little  doubt  that  something  will  be  invented 
which  will  render  coal  workable  at  a  much  lower  . 
depth.  A34,  q.  522.   Mechamcal  ventilation  cheaper 
than  ventilation  by  ftirnace.   A  36,  q.  641,  Believes 
that  the  present  conditiwi  of  things  can  be  very 
maierUUr  helped  by  improved  ventilation,  and  that 
may  e^le  ua  to  go  much  deeper  than  100^,  q,  543. 
ThuikB  that  no  opinion  w(Hrth  building  a  conclusion 
on  can  be  given  on  the  practicable  depth  at  which  coal 
can  be  wwked  without  exceeding  a  lunit  of  tempera- 
ture wWch  would  be  a  bar,  q.  645. 
States  that  there  would  be  no  'relief  from  cutting  the 
coal  by  madiinery.  as  the  coal  is  so  easily  got  now« 
q,  548.   Believes  that  the  aystepi  of  mt  machines  wiD 
Mitirely  supersede  the  use  of  horses  underground, 
q.  550.   Is  afraid  it  would  be  difficult  to  get  a  suffi- 
dent  quantity  of  wr  into  the  mine  by  compression. 
A  36,  q.  666.   Greater  cost  .of  the  shaft  and  greater 
cost:  of  wwiding  by  increaaed  depth,  ,q.  563.  Does 
no4  think  that  were  woult^  be  mu«h  more  difficulty  at 
a  d»pth  corre^>ondinp  to  100°  on  account  of  the 
Bupttincumbent  maienal  liftitq;  the  floor,  q.  671. 


Increase  of  ventilation  de8ir|kble,'ii$FWA{b^tt^' pro- 
tection against  e:^louan8,  buf  to'^pjifr  Ae'lrbrlcmeB 
with  a  cooling  atmoiplwre  in  ulucb  nie^'am  iraik. 

A37,q.B80. 

Is  quite  prepB^ed  to  state  that  in  the  lower  depths,  from 
180  to  300  fMhoms,  there  is  less  gas  than  m  a  tone* 
sponding  distance  higher  up  with  less  pressure,  q.  683. 
States  uiat  it  is  the  .rule  that  the  psjrt  of  a  seam 
forming  a  basin  is  dadgercmsly'gafteua  new  the  sor- 
&ce,  and  tin  part  that  ia  deep  fiom  tiie  aurfiwe  not 
{[aaecniB,  q.  585.   Not  the  same  exemption  ttam  gaa 
m  the  mines  of  Soutb  Wales  as  in  Hioae  ttf  the  lurai 
of  England,  q.  596. 
Tendency  of  coUinies  xmUier  to  inprcaao  than  to  jiwiinyi^ 
in  temperature  alfar  being  worked  fin-  a  oonaidmUe 
time.  A38,q.607.   Vawtion  oT  the  tera^anftoEe  of 
the  air  entfiriiig  a  mine  in  aummve  and  m  wintir, 
q.  608.    Qnotation  from  his  address  to  the  mining 
ongineexs,  q.  609.   Doea  not  deem  tibe  men  ewt  S 
ainidnK  or  the  oonstmction  (tf  a  winning  to  be  at  all 
a  fatal  enaction  to  winning  ooal  at  a  deptii  of  300 
fathoms,  q.  611.   Temperature  would  not  be  an  im- 
pe^ment  to  the  working,  as  air  could  be  oanied  down 
vertically  on  the  men,  and  any  quantity  is  tA  com- 
mand.   Not  the  slightest  inconvenience  in  sinldag 
any  such  depth  as  l.OOO^yards,  q.  612.   Wonld  not 
estimate  the  expense  of  such  a  winning  at  more  than 
from  100,000/.  to  150j000f.  b^ond  the  expense  of 
winning  at  half  the  depth,  q.  613.   Deep  ooal  not 
more  expensive  to  woric  m  the  north  of  &^land  than 
slwllow  coal,  q.  616.   Coal  might  be  worked  12  miles 
under  the  sea,  q,  617.   Ventilraon  night  be  had  1^ 
sinking  a  slun  in  the  ocean,  q.  618.  Has  worked  a 
colliery  wbick  waa  five  milea  URdergroQnd,two  mileB 
and  a  naif  from  the  ahaft  both  ways,  q.  618,  .  .BeUevca 
that  at  the  drpth  of  1,000  yards  work  could  be  carried 
on  were  there  shi^s  witmn  10  miles  of  each  other, 
q.  619.   Air  woidd  be  right  through  and  would  com- 
municate the  pits  with  each  other,  q.  621 .   Can  Uw^l 
underground  frnm  the  city  of  Durham  to  Newcastle. 
A.  38-39,  q.  622.    Distance  from  sbsA  at  Haawcll 
from  three  to  four  miles,   A  39,  q,  623.    States  that 
he  has  fair  reason  to  suppose  that  in  the  north  of  Eng- 
land the  coal  extends  10  or  12  miles  into  the  sea, 
q.  625.   Has  seldom  known  s^y  WBta>  whioh  oooa- 
sioned  much  kioonvenience  at  great  deptiis,  q.  637. 
Heat  in  proportion  to  the  depth  of  strata.    Will  have 
great  heat  at  a  depth  of  1,600  feat  under  a  mountain, 
q.  630.   A  furnace  a  souroe  of  anxiety  to  any  ooUieiy 
manager,  q.  €32.   Thinks  that  our  ayitem  of  renti- 
latira  by  mechanical  means  can  be  increased  almost  to 
any  extent,  q.  634.   Knows  that  where  he  l^s  tri^ 
mechanical  ventilation  there  m  very  nmeh  leak  ooal 
used  and  a  larger  quantity  of  air  got,  q.  635.    With  a 
given  expenditure  d  cou  a  greater  amount  of  air  is 
got  through  B  mine  by  an  engine  than  by  a  furnace, 
q.  636. 

Increase  of  cost  of  winding  with  depth  quits  uuMnci* 
able,  q.  640.  Does  not  think  that  there  is  any  ^^th 
where  coal  could  be  worked  by  hutniQ  beings  from 
which  there  would  be  any  inconvenience  in  raising  it, 

a.  641.  Great  inconvenience  got  rid  of  by  tiw.intro- 
uctioQ  of  iron  and  steel  wiret  ropetf,  which'  can  be  had 
of  strength  without  much  weight  q.  $42.  Thinks 
that  witii  the  strongest  metallic  ropies  which  can  be 
made,  coal  might  be  raised  from  a  depth  of  3,000  feet 
at  a  single  draw,  q.  643.  In  h  single  descent  of  3,000 
feet  a  stage  half-way  down  oonld  be  done  very  well, 
q.  645.  Thinks  this  would  not  cause  much  expense, 
q.  646. 

Thit^s  that  the  depth  at  which  the  coal  in  Durham  is 
met  under  the  sea  is  a  .  guanmtee  agaiwt  the  sea 
bKakiu  in.  q.  649.  Beit  Wrier  against  the  sea 
Kvuld  be  that  i^  should  sot  bo  aUownl  to  take  away 
the  coal  up  to  within  a  oertain  diatuoe  of  the  bed  of 
tils  sea.  A  40,  a.  651^  Hucbki  ir^fiA  be  done  in 
working  ooal  nnoer  the  aea,  u«dfr  m«n,  and  under 
estuaries,  agunst  which  there  ought  to  be  protection, 
q.  651-^.  Feels  that  there  should  be  aone  mode 
of  dealing  with  tiie  raligae^  so  that  paifti^  ahoold  not 
be  permitted  to  work  ooal  und^  the  sea%  rivers,  and 
estuaries  in  such  a  manner  as  ^  'miftand  destn^a 
whole  district,  q.  666. 

100°  the  limit  of  temperatiuv  at  which,  men  work 
in  a  mine  acsording  to  the  mesent  lig^  he  has  on 
the  subject,  q.  6QJ.  Praol^9aqle  by  IviprovQd  ^pU- 
anoBB  to  increase  the  deptl)  yt^ch  comq|Hinda  fritii  the 
.  temperature  of  .lOO]",  q.  .3.000>f^fl(^th  eoi^ 
respond  with  a  tcanpera^ne  of  100°»  q^  66SLPoaBble 
that  taking  3,000  feet  to  xeioeaeiitLit  lUltanlknipentin 
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of  100^,  thit  api^isnoeR  will  be  diseoTend  b]r  which 
thai  iemperatan  wSl  be  mftteriaUy-  icdueed,  q.  665. 
Oval  cbmd  not  be  worked  at  present  at  a  depth  of 
4,000  feet  without  enornunuly  inoTeasing  the  expenae 
vk  frettkw  the  coal,  q.  668.  Not  phyiically  impracti- 
cable in  us'  opinian  to  work  ooal  ai  4,000  leet^  bat  it 
may  be  commerdallf  uselesa  to  try  it.  A  41,  q.  669. 
WoulA  question  onr  commercial  anprnnatnr  bang 
maint^ned  if  we  had  to  work- coal  at  '&  depth  of 
4,000  ffet,  q.  671.  .  States  that  we  shall  ne\-er  loae 
our  BOpremacy,  q.-  674. 
ElN(ft'i  c<^enee.  The  Harecast^,  Colliery  in  Stafford- 
shire and  the '  Hanmer  Colliery  in  North  Wales 
managed  by  WiUi^m.  Young  Cnig.  C  65,  q.  1B93. 

ElSWICK  iKONWOBTtfl  : 

Fomaces  made  of  unusual  height.  Gases  utilized.  B  21, 
q.  250.  Incredaed  economy  by  making  the  furnaces 
W  an  increased  h^hi,  q.  263.  Height  of  the  ftunaees 
75  feetj  o.  363.  Width  19  ftet,  q.  254.  Ccke  used, 
q.  255.  ■  Gases  vsed  ft>r  jE«odneing  steam  or  hot  air, 
but  scarcely  snffiden^  q.  257- 

EUPLOTUBNT  of  locsl,  coal  viewers,  mining  engineers, 
and  ottiers.  Amount  of  their  rate  of  remuneration. 
P.  6.  :  - 

•ENOINBt : 

Asristing  ventilating  fiimaee  at  Seaham  CdKery.   A  58, 

q.  1066..       ,  , 

Emormoub  thickness  of  the  mountain  limestone  in  the 
Bonlonnab,  D  20,  q.  265. 

Ebtihatcs  ov  ExpEMDiTimi.-  Total.  20,0007.  P.  7. 
March  %d,186B,  16,1751.  (te:6rf.  P.  14.  lS.975j.  Ot.  6(f. 
P.  19. 

For  Committee  A.  P.  13. 

For  Committee  B.   P.  13.  - 

For  Committee  G.  P.  13. 

For  Committee  D.   P.  13. 

For  Committee  E.   P- 13-14. 

Separate  coal  districts  i 
Estimates  for.    P.  14. 

By  Geo.  T.  Clark.   P.  15. 

By  J,  Bcete  Jukes.   P.  15. 

By  John  Geddes.    P.  15-16. 

By  John  Thomas  Woodbduse.   P.  16. 

By  Thos.  E.  Forster.   P.  17. 

By  Joseph  Prestwicb.   P.  17- 

By  John  Hartley.   P.  17- 

By  Secretary.   P.  18. 

By  Cbaiii&enjof  the  Committees.   P.  18.  2,6201. 
RoDgh  eitimate  at  genaral  nueting,  Jan.  9th»  1867. 

pri9. 

Estimate,  Febniaiy  16tih,  1867-  P-  29. 
Estimate  for  the  year  ending  March  Slst,  1869.  P.  29. 
Estimate   by   G^on^   EUiot,  Febmaiy  29th,  1868. 
P.  31-32. 

Estimate  by  J.  Beete  Jukes,  March  2nd,  1868.  P.  34^. 
Committee  E,  estimate  for  1869.   P.  55. 
Estimates  by  J.  Prestwich.    P.  57-;58. 
Estimate  of  cost  of  reAteioff  sections  of  engiamg,  of 
printing,  and  of  cdlouriog.    D  76. 

Establishment  of  Messrs.  Breedon  and  Booth,  Bir- 
mingham : 

Warmed  with  hot  water.  1^00  feet  of  piping  with  the 
hot  water  ^paiatns  put  in  at  an  expense  <rf  2001. 
.Warming  the  establiahnieat  oosts  St.  a  day.  Thiek 
coalof  StafKffdshi^  uie^.,  B.2fi. 

•EaruAKT  Of  the  Dbb  : 

System  of  working  the  ooal  under  it  is  taking  one  half 
and  leaving  one  half  to  support  the  surface.  C  22, 
q.  629. 

Something  under  100,000  tons  of  coals  left  for  t>illars 
for  a  fleries  of  years,  q.  630-631,  Taking  faulto  into 
account,  probably  not  more  than  one  third  of  the  coid 
is  obtauieil,  q.  635.  Slip  in  of  water  many  years  ago 
in.ccnuequeBoe.ckf  woriting  too- near  the  sui&o^  q.  636. 
Bound  m  lease  to  Isam  una  half  of  the  ooal.  C  23. 
q.664-«65. 

Etbebidoe,  Robert  :  - 
Evidenoe  of.   D  7-10. 

MiMs  of  the  SonUMetsbire  eoalflehi  exhibited.  D  ?• 
Map  staoMing  the  real  extent  of  ihe  coalfield  north 
and  soniSi  -and  west.  Map  much  improved  by 
Mr.-  'Ainttt.  ''Ot^eot  ef  thn  map-  to  nmve  at  the 
pMfiiMxMnalMi  of  the  ooa2  thea&fffee  'tthd«4ying  the 
superincumbent  atntit«i4h»-BtiKtcibtm»k-  iUdstock  ' 

-  3Z 


ooal  belongs  to  the  upper  series  of  the  coal  measures. 
Foot  series  coal  worked  ia  the  South  Bristol  basin. 
Patch  of  mountain  limesttme  at  Broadfldd  Down. 
Ashton  seams  worked  near  Bristcd.   Section  made  to 

give  some  idsa  of  the  whole  seriea  of  coal  seams.  D  7, 

q.  52. 

I«rgflBt  fiudt  abont  800  fset  npthiow,  q.  53.  Most 
valuable-  coal  in  the  Bristol  Inisin,  btrth  north  and 
sondi,bdongs  to  the  series  below  the  Pennant.  Would 
have  to  go  3,000  ktt  through  tiie  P^mant  to  reach 
wi^Eable  coal,  q.  54. 

limestone  dips  meet  at  its  last  appearance  from  Frome. 
Country  much  fractured.  All  rhe  dips  in  the  moun- 
tain limestone  meet,  q,  65.  Codrington  nearest  point 
from  Frome  where  the  limestone  is  seen  at  the  surface, 
q.  56.  Dip  to  the  north  at  Sfaepton  MaUet,  q.  60. 
Dip  to  the  nortb  at  Bteadon,  q.  61 .  No  reason  against 
the  Umestone  assuming  an  eastward  trend  beyond 
Frome,  q,  64.  Coal  measures,  where  seen  between 
Frome,  Combe-Hay,  and  Tiverton,  dip  west,  q.  66. 

Millstone  Grit  occurs  on  the  weat  side  of  the  limestone 
at  Doynton.  D  8,  q.  70^71.  Not  impossible  that 
there  may  be  an  extension  of  the  coalfield  beyond  a 
line  drawn  almost  from  Frome  to  Bath,  q.  74.  Bore- 
holes might  miss  coalfields,  q.  77.  Stnking  resem- 
blance between  the  South  Wales  coal  and  the 
Somersetshire  coalfield  coal,  q.  81-84.  South  Wales 
coalfield  40  per  cent,  thicker  than  the  Somersetshire 
coalfield,  q.  S6.  Welsh  coalfield  thicker  than  the 
Bristol  coalfield,  q.  87-  Lower  measures  of  the  South 
Wales  coalfield  as  rich  in  clay  ironstone  as  anywhere 
in  Btttain. 

Elevation  of  thi  Mendip  Hills  prior  to  the  deposition 
of  the  lower  New  Red  Sandstone,  q.  92.  Thinks  that 
the  disturbance  vhidi  raised  the  Hmestone  in  the 
Mendips  equally  affected  the  coal,  q.  93. 

In  the  same  way  tiiat  the  coal  measures  of  Somerset  and 
South  Wales  are  broken  up  into  separate  basins,  it  is 
possibls,  thatf  -tfarough  faulting  or  undulation,  there  is 
an  intenupteid  extension  of  the  same  coal  measures 
eastward,  q.  94.  The  same  doubling  abounds  which 
,prevul8  to  a  great  extent  in  .the  Belgian  coalfield, 
'  q.  97.  Not  improbable  that  the  continuity  of  tiie 
coal  measures  has  been  broken  by  the  rise  of  the 
Mendips,  and  that  there  may  be  a  field  to  the  south, 
q.  104.  Would  think  that  the  overlying  rocka  to  the 
south  of  the  basin  are  from  three  or  four  times  the 
amount  of  those  within  the  basin,  q.  105.  New  Red 
Sandstone  rests  on  the  Devonian,  q.  106. 

Dip  of  limestone  on  the  slopes  of  the  Mendips  30  to 
60  d^rees.  D  9,  q.  109.  Rocks  in  the  neighbourhood 
of  Shepton  MaUet  and  Frome  dip  at  30  or  40  degrees, 
and  are  covered  up  everywhere  by  newer  formations, 
q.  110,  Thickness  of  the  dolomitic  oonglomerate 
here,  q.  111.  Thinks  that  south  of  the  Mendips, 
coal  measuresk  if  auy,  would  be  met  with  which  should 
agree  with  the  lower  series  of  the  Bristol  coalfield 

L115.  ncodnetive  ooal  measnies  would  not  exist 
in  a.aouth-westeriy  direction  from  tl^  Mendips, 
^.121.  <W  may  or  maynotexisiinthegreat  marshes 
immediataly  smiQi  (tf  the  Mendips,  q.  123.^ 
Efltot  of  Ae  Devonian  rocks  oecorring,  a  fttal  thing, 
q.  196.  Would  'prefte  that  a  trial  for  ooal  should  bo 
made  considerabrf  eastwards,  and  oontinnoua  with  or 
Miallel  to  the  strike  of  the  RadsttMsk  series,  q.  129. 
Detvonian  coalfidd  part  and  parcel  of  the  Soutii  Wales 
ooaUeidt-q.  \3Si.  No  proof  that  there  may  be  a 
setting  lo  of  the  more  productive  coal  measures  east- 
ward of  the  Deroiuhire  coalfield.  D  1(^  q.  147. 

Evans,  Thomas  : 
Evidence  of.   C  17-21. 

Varieties  of  coal  met  with  in  South  Wales.  C  17, 
a.  480-483.  Thiokneas  of  the  coal  in  Pembrokeshire; 
tne  Thilgetty  seam  from  11  to  13  inches  thick.  In 
some  parts  of  South  Wales  the  seams  are  as  much  as 
15  feet  thick,  q.  484.  Anthracite  coat  of  vay  excel- 
lent quality,  chiefly  used  for  malting  purposes  and 
hop  drying;  worked  so  thin  as  11  inches,  q.  485-487. 

TUnnest  seam  worked  for  general  consumption  about 
two  feet  three,  or  two  feet  four,  q.  492.  Whether  a 
seam  of  22  inches  thick  of  an  ordinary  quslity  be 
workable  depends  upon  the  distance  which  it  has  to 
be  carried,  toe  nature  of  the  roof,  and  the  cost  of 
working  it,  q.  494. '  MWr  and  stall  the  only  system 
known  till  within  a  fev  years  in  the  northern  [»rt  of 
•     the  coalfield,  q.  499.  '  ■ 

South  crop  of  the  coalfield  much  steeper  than  the  north 
'  etfip.  Coals  on  the  north  crop  hard  and  strong ;  on 
■-theM«^-oroi^«ft*n  very  soft,  q.  AX)..  -Some  of  the 
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Bouthem  seunB  from  8  to  16  feet  thisk,  t^.  501.  Coal 
TOousht  bj  long-w«]l  at  one  or  two  collieries  on  the 
south  crop.  C  18,  q.  505.  Luger  quantity  per  acre 
ubtained  ay  this  Bystem  of  working,  q.  506.  Measum 
steep  at  Morfa,  biit  roofs  very  much  better,  q.  507. 

.  Steep  seams  wrought  in  Warwickshire  by  the  long- 
w&ll  sjstem,  q,  508.  Does  not  think  that  the  present' 
system  of  long-wall  work  could  be  practised  in  Wales ; 
tliat  possibly  there  might  be  a  modification .  of  it, 
q.  509.  With  regard  to  long-wall  much  depends  on 
the  condition  of  the  roof  and  noor,  q.  511. 

Both  pillar  and  stall '  and  long-wall  followed  in  the 
Anthracite  district,  (i.  515.  Thinks  that  about  four 
tenths  of  the  coal  is  lost  by  the  pillar  and  stall  system 
in  the  thick  anthracite  mines,  q.  516.  Anthracite  coal 
very  little  used.  Of  enonnous  thickness,  q.  519. 
Used  to  a  sm^l  extent  for  inn  making,  q.  520. 
Anthracite  coal  not  nsed  aa  steam  coal  in  England, 
q.  .'^•21.  The  best  perhaps  of  all  lime-burning  coals, 
q.  533.  Very  small  quantity  of  coal  left  for  pillars  in 
South  Wales,  q.  524.  Beginning  at  Fontypool  the 
coala  are  very  bituminoua.  They  change  their  chsracter 
coming  west,  becoming  more  anthracite  at  Dowlaia, 
Merthyr,  and  Aberdare.  In  the  Neath  Valley  they 
become  purely  anthracite,  q.  528.  .  Scarcely  one  fourtii 
of  t&e  coal  in  South  Wales  anthracite,  q.  529.  With 
regard  to  depth  would  say  that  the  anthracite  coal 
would  continue  anthracite  throughout,  q.  532.  I^ower 
series  of  the  coal  measures  anthracite  in  the  anthracite 
districts,  irrespective  of  depths,  q.  534. 

Experiments  tried  in  mixing  the  bituminous  coal  with 
the  anthracite,  and  making  it  a  patent  fuel,  q.  536. 
These  experiments  not  successful,  q.  537.  Up  to  the 
present  tune  neariy  the  whole  of  the  small  coal  made 
m  the  anthracite  collierieB  stowed  away  in  the  workings, 
q.  538. 

All  the  coal  brought  out  in  the  bituminous  collieries, 
q.  539.  None  stowed  in  purposely.  It  is  left  in  where 
it  cannot  be  economically  worked.  C  18-19,  q.  540. 
One  fourth  of  the  coal  leit  in  the  bituminous  collieriea 
of  South  Wales.  C  19,  q.  542.  Quantity  left  in  can 
be  considerably  diminished  by  the  improvement  of  the 
long-wall  system,  q.  543.  Taking  the  bituminoua  coal 
alone  in  South  Wales  generally,  loss  of  coal  does  not 
amount  to  one  fourth,  q.  546.  In  some  cases  ttie 
quantity  left  behind  amounts  to  nearly  one  half,  in 
others  the  whole  of  the  coal  has  been  worked,  q.  548. 
Average  loss  about  20  per  cent.,  q,  549.  Some  of  this 
might  be  got  by  an  improved  system  of  working, 
q.  550.  Colliery  chiefly  worked  to  accomipodate  the 
particular  market  in  which  it  is  situated,  q.  551.  Coal 
at  Aberdare  used  aa  a  steam  coal,  particularly  for  the 
navy,  for  expwt,  and  for  iron  making,  q.  563.  Thinks 
that  if  the  order  of  working  tiie  seama  was  more 
observed,  it  would  tend  to  leBBen  the  crushing  of  the 
pillars,  q.  555.  Ste^  coals  at  Aberdare  not  so  valu- 
able for  puddling  or  heating  iron.  Bituminous  coal 
used  for  puddling,  q.  557.  In  the  northern  outcrop 
an  enormous  quantity  of  smidl  coal  left  that  cannot 
be  sold,  q.  559.  Endeavour  to  coni-ert  small  coal  into 
coke  ana  patent  fuel,  q.  562.  Does  not  do  for  coke. 
Patent  fuel  a  very  expensive  process,  q.  563.  Three 
classes  of  coal  in  South  Wales — bituminoua  coal,  steam 
coal,  and  anthracite  coal,  q.  565. 

The  nine-feet  coal  gives  off  an  enormous  quantity  of 
gas.  C  20,  q.  572.  This  difSculty  might  be  got  rid 
of  by  to  the  extremity  and  workiog  backward,  q.  573. 
Pillus  of  all  sizes  and  thicknesses,  q.  676*  Out  plan 
of  the  Gethin  CoHiery,  q.  577-586. 

-Large  masses  of  the  seams  destroyed  by  faults,  q.  587- 
590.  Pillars  ought  to  be  of  the  same  size  q.  592. 
Lumps  left  to  protect  the  level,  q.  593.  Coal  rendered 
useless  by  faults  varies  enormously,  q.  595-600. 

Barriers  not  stipulated  in  ev^ry  lease,  q.  601.'  Old  plan 
of  the  working  of  the  coal  oy  leaving  thick  pillars  at 
LlaneUy,  q.  603.  Advantage  of  long  work  in  the 
steam  coal  districtB,  q.  605. 

An  improved  mode  of  working  the  seams  being  ex- 
tended, q.  607.  Use  of  powder  very  dangerous, 
q.  609.  Has  not  noticed  much  increase  m  the 
quantity  of  gas  bebw  200  yards.  C  20-21,  q.  611. 
Natural  drainage  of  gas  going  on.  C  21,  q,  613.  At 
a  sufficient  depth  to  prevent  the  gas  from  getting 
vent,  there  is  no  increase,  q.  614.  Smallness  of  the 
coal  attributable  to  the  unequal  distribution  of  the 
weight  in  consequence  of  the  pillars  which  are  left  ia 
the  ataU,  q.  615. 

La^e  quaotlty  of  fire-damp  given  off  1^  the  anUinunte 
■eama,  q.  61$.  Ldm  of  ooal  in  tlu  authzadte  iome- 


thing  enormous,  q.  617.  This  happens  because  it  a 
very  bad  roof,  q.  619.  One  half  of  the  coal  lost, 
qi  620.  SeeB  no  reason  why  tlie  aothraciie  eoab 
generally  could  not  be  worked  long  work  as  well  u 
tiie  others,  q.  621.  Speaking  roughly,  40  per  oent 
mighc  be  saved  by  long-wall,  q.  623.  Reference  to 
plan  of  the  Gethin  Colliery,  q.  624-626. 

Evaporation  and  Radiation  from  the  human  bodr 
A  94,  q.  1913.  ; 
Evaporation  Mands  in  direct  proportion  to  the  dryness 
and  heat  of  the  atmomfaere,  q.  1914.  Temperatuie 
merely  increBBSB  tit  dimlDishea  the  capacity  for 
moiature,  q.  1916.  If  the  atmosphere  be  in  a  con- 
dition incapable  of  produdng  evi^>oratioD,  there  is 
nothing  tb«i  to  depend  on  for  coaDteiaeting  hnt 
except  ratUation,  q.  1916.  A  man  could  not  exist  ia 
a  temperature  exceeding  100°,  even  when  at  rest,  with- 
out evaporation  from  his  body,  q.  1917.  The  whole 
question  of  his  being  able  to  exist  in  a  high  tempera* 
ture  or  not,  depends  upon  the  evaporation  from  his 
skin  and  from  his  lungs,  q.  1918.  Limit  tempera- 
ture which  a  man  could  stand  while  emploved  in 
mechanical  labour  diuing  the  ordinary  hours  of 'labour 
would  be  100-  in  dry  air,  q.  1920-1921.  Probable 
Imiit  in  moist  air  90°.  Observations  upon  which 
these  conclusiona  are  based,  q.  1923. 

EviDBNCB.   A  1-108.    B  1-91.   C  1-100.    D  1-109. 

Ste  WiTHBBSKB. 

BvAPORATioM  in  boUc^  of  iron  and  steel  compared : 
Stael  tntnsmita  heat  more  rapidly,  supposing  the  plate 
to  be  of  the  same  thicknesa.  B  44,  q.  6i^.  Saving 
of  fuel,  19*443  per  cent  in  &vonr  of  sted  over  inm, 
q.  578.  Eleven  feet  of  heating  BUi^ce  in  a  sted 
boiler  as  effective  as  14  feet  in  an  iron  boiler.  B  44- 
46,  q.  582.  Thin  boiler  of  steel  would  last  double 
the  time  of  a  thicker  iron  boiler.  B  46,  q.  ^3,  No 
difficulty  in  getting  the  steel  plates  of  unifonn  qnali^, 
q.  684.  If  the  plates  are  not  strictly  homogeneoui', 
the  weakest  and  worst  plate  is  the  ultimatum  of  the 
strength  of  the  whole,  q.  686. 

ExAUiNATioN  of  the  South 'Wales  coalfield  by  Evan 
Daniel  and  W.  Adama  : 
Have  with  great  labour  collected  all  the  data  obtainable, 
to  enable  them  to  estimate  the  quantity  and  pap. 
ticulars  of  the  coal  therdn  remaining  unwzought. 

ExB  River  : 

Paper  manu&ctory  on. 
,  Now  iutrodue'mg  and  nung  steam  endues,  on  account 
of  the  inconstancv  of  the  waier,  ariaing  from  the 
ciicumstance  of  the  dnuning  of  tiie  land.    B  4^ 
q.  614. 

Expansion  of  Stkam  and  jacketing  the  qrlinders.   B  5, 
_q.  47. 

Difficult  if  not  impossible  to  fix  the  limits  of  ultimate 
practical  attwnments.  B  5,  q.  47.  Engines  working 
with  steam  of  30  atmospheric  pressure,  q.  48. 

ExPLOsibNS  : 
Attributed  to  neglect.  Either  to  bad  boilers  from 
ongmal  construction,  or  to  neelect  from  being  allowed 
to  run  down  and  to  be  worked  out.  Explosions  arise 
from  shortness  of  water,  but  not  as  a  rule,  q.  1 194. 
Greater  liability  to  explosion  in  a  tube  boiler  than  in  a 
boiler  fired  fi-om  below,  q.  H95.  Much  less  water 
over  the  top  <tf  the  fire  in  the  case  of  a  tube  boiler 
than  where  it  ia  fired  from  below,  q.  1196.  Experi- 
ments made  in  ghss  vesseb  not  conclusive  with 
regard  to  the  peculiar  eonditions  of  a  boiler,  q.  1201, 
Condition  oonstantiy  exemplified  in  the  laboratoiy 
with  regard  to  a  flame  being  projected  upon  any  given 
point.  A  repulsion  notwithstanding  tibe  conductive 
power  of  the  water.  A  space  formed  under  the  wata 
untouched  by  the  water,  which  gives  way  by  expIoauiD, 
and  in  a  glass  vessel  knocks  out  the  bottom.  B  80- 
81,  q.  12m. 

ExPRXSSlON  of  horse-power  as  a  measure  of  the  power  of 

an  engine  not  used  in  Cornwall  at  all.   B  85,  q.  12/6. 

ExTXNsioN  of  the  Nottinghamshire,  Derbyshire,  and 
Yorkshire  coalfield  eastward : 
No  question  that  the  coal  seams  range  to  a  great 
distance,  because  although  the  Permian  rocks  rest 
unconformably  upon  the  coal  measures,  yet  there  is  a 
gencnl  tendeni?  in  the  coal  seams  to  dip  towards 
uis  eastward.  It  is  a  question  of  depth  whidi  will 
determiiu  the  eastern  limita  «f  tin  wod^le  mai 
that ooEODtisr.  D29,q..327, 


Digitized  by 


Ex— F 


FE 


$46 


Expansive  Condensing  Enoinbs  : 
Now  built  for  3  lbs.  of  fuel  per  indicated  hone-pover 
■per  hour,  B  79,  q.  1169.  Engines  using  3  lbs.  per 
hone-power  per  hour  may  be  worked  at  40  Ibs.^ 
q.  1 1/0.  Thejr  ent  at  oDe  sixth  of  the  stroke, 
q.  1172.  IndiMfed  Tsouum  12  lbs.,  q.  1175.  A  com- 
pound  engine  which  ran  to  3' 184  lbs.  A  radical  im- 
provement might  be  required  id  the  eDgine*  a  sUda 
at  a  jacket.  B  80,  q.  1181.  Boiler  uncovered  and 
deposed  to  all  atmoBpheric  action,  q.  I1S2.  Great 
loss  eflbcted  hj  such  exposure,  q.  1 183.  The  fact  that 
thousands  of  boilers  are  exposed  to  the  alternations 
of  the  weather  is  simplv  carelessness  and  the  low  price 
of  oml,  q.  1185.  Careleasness  to  be  overcome  ij  the 
general  spread  of  education,  q.  1186. 

Extreme  limit  of  temperature  to  which  the  human  body 
can  be  raised  witbout  being  destroyed : 
The  extreme  limit  may  be  token  as  112°.   If  a  man's 
body  be  heated  up  to  112^  he  will  oertunly  die. 
A  94.  q.  1908. 


P. 

FA.IBBURN,  William,  F.R.S. : 
Evidence  of.   B  48-50. 

Thinks  that  there  is  a  very  la^e  field  for  eetmomy^  and 
ibr  a  saving  of  fuel  wiu  regwd  to  tite  manuftctnre  of 
iron.  la  of  ooinion  that  the  amount  of  fuel  now 
consnined  in  toe  smellang  of  the  ore,  2i  tons  of 
coal  to  a  ton  of  iron,  may  be  reduced.  B  48,  q.  658. 
Quantity  of  coal  consumed  in  the  manoneture 
of  iron  and  steel  about  5)  tons  per  ton  of  iron, 
q.  659.  Consumption  of  coal  in  our  iron  manufactures 
alone  would  come  to  23,000,000  tons  per  annum, 
q.  660.  Double  the  fuel  consumed  formerly  before 
the  introduction  of  the  blast.  Does  not  think  that 
we  have  arrived  at  the  maximum  economy  that  may 
be  effected,  q.  661.  Mr.  Ueaton's  process  of  making 
steel.  Has  experimented  upon  the  steel  and  finds  it 
very  good,  q.  66'2. 

Thinks  that  ultimately,  except  for  special  jmiposee,  steel 
will  be  manuiactnred  instead  of  iron.  Steel  a  very 
superior  material  to  iron  for  a  varied  of  purposes. 
B  48-49,  q.  667.  Bessemer  steel  welded,  9.  668. 
With  proper  care  and  attention  the  diffienltiea  con- 
nected with  the  welding  of  steel  may  be  overcome, 
q.  669-670. 

Is  of  opinion  that  we  are  far  short  of  the  pressure  which 
13  necessary  to  effect  economy  in  the  production  of 
steam,  q.  67l<  The  opportunity  for  economy  is  to  be 
found  more  in  the  pressure  and  in  the  rate  of  expansion, 
q.  67^.  Not  much  economy  to  be  expected  with 
regard  to  the  locomotive  engine,  q.  673.  French 
boiler  described,  q.  675-676.  25  hundredweight  of 
coke  equivalent  to  2)  tons  nf  coal,  q.  6/8. 

Collecting  the  gases  and  utilizing  them  properly  for 
the  smelting  of  the  or?,  q.  683.  Saving  to  be  effected 
in  puddling,  rolling,  &c.,  q.  6S4.  inissibility  of  at 
once  using  the  Bessemer  process,  q.  685.  Uniting 
the  process  of  decarbonisation  widi  that  of  smelting, 
q.  GS^.  Can  easily  conceive  that  by  tiie  r^enerating 
nirnace,  if  the  oarbon  euL  be  burnt  out  a  the  ore 
completely,  Hht  metal,  steel  or  irou>  will  be  got  into  a 
malud)le*  state.  B.  60,  q.  694.  Depriving  the  we 
of  its  carbon  to  oonvert  it  into  malleable  iron  and 
then  introdudng  a  certain  amount  of  carben  to  convert 
it  into  steel,  q.  695.  Apprehends  it  will  aiot  be  easy 
to  do  away  with  the  hammering  and  rolling  processes, 
q.  697.  Reducing  tiie  oonsnmption  of  fuel  in  the 
processes  of  puddling,  rolling,  and  hammerings  q.  698. 

Faults : 

Coal  dislocated  by.  C  49,  q.  1404.  One  sixteenth  of 
the  coal  damaged  by  them  in  theAynhiie  coal  district, 

q.  1405. 

FbeD'Watbr  f6r  the  pimip  of  loeanotiTe  siemn  engine ; 
heating  of.  B  67»  q.  978.  Usual  violent  blast  in 
the  furnace  to  ftnce  tne  fire  to  generate  enough  iteain 
rendered  unnecessary  by  the  increase  in  the  tempevap 
tnre  of  the  feed-water.  Considembk)  quanti^  of  fuel 
saved  by  this  process,  q.  978. 

FBTTLiN<k  1  B  35,  q.  417,  q.  412. 
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Fever  Heat  : 
Upper  limit  of  it  112°.   A  94,  q.  1909.   B^ins  im- 
mediatdy  above  100".   Any  temperature  between  lOO'* 
and  112°  by  Fahrenheit's  thermometer  is  fever  heat, 
q.  1910. 

FnLD,  Joshua; 
Report  by,  r«;arding  the  duty  of  steam  engines.  A  duty 
of  103  miUions  by  one  engine,  and  of  97  milUoiu  by 
'  another.   B  75,  q.  1066. 

Firry  Vrin  at  Llanelly.  Thickness  of.   C  17,  q.  493. 

Finance.    See  Estihatbh  of  Expbkoiturr. 

Firr-clay  Floor.   G  25,  q.  702. 

FiRR  DAMP  : 

Given  off  by  coal  seams.  A  11,  q.  139.  C  4,  q.  33. 
FMdoced  la^y  in  the  Dowlais  coal  mines,  and  by 
the  whole  of  the  steam  coal  ctdlieries  in  the  district. 
C  16,  q.  447. 

System  of  worldng  enabling  the  fire-dunp  to  be  dealt 
with  on  the  most  advantageous  plan.  C  24,  q.  694- 
695.  Good  deal  of  fire-damp  in  the  North  Staflbrd- 
shire  coal  mines.  C  31,  q.  902.  Large  quantity  of 
it  to  deal  with  in  some  of  the  Yorkshuw  mines.  C  38, 
q.  1069.  A  great  element  of  danger,  q.  1070.  Large 
quantiW  given  off  at  the  Oaks  .CoUieiy  at  Bamsley, 
q.  1078.  Quantity  given  off  per  minute  m  cubic  feet, 
q.  1080-1081.  Old  workings  filled  with  it,  q.  1083. 
Expanuon  and  contraction  of  gas  serving  the  purpose 
of  a  barometer,  q.  1085.  Utilised  at  ^e  Uaks  Col- 
liery, q.  1087.  Less  quantity  of  it  met  with  in  Scot- 
land than  in  England.  C  48,  q.  1368.  Very  lu^e 
quantity  in  all  the  seams  of  the  Hanmer  Colliery,  but 
a  different  description  of  gas  to  the  ordinary  fire-damp. 
C  6^  q.  1916.  ~  Fire-damp  produced  in  the  Souui 
Staffordshire  coal  mines.   C  83,  q.  2279. 

FiRRPLACB  OF  Arnott's  Stove  : 
Resembles  a  common  grate,  but  deeper.  FUte  of  iron 
at  bottom  to  lessen  the  entrance  of  air  below  and  to 
cause  the  fire  to  be  fed  with  air  &om  the  front.  The 
fire  will  burn  the  whole  day  in  it  without  interference 
and  without  going  out.   B  34,  q.  398. 

Fletcheb,  Hrrbrrt  : 
Evidence  of.   C  83-86.   Ladyshore  Collieiy,  Clifton  and 

Kearslei^  Collieries,  near  Manchester. 
Plan  showing  field  where  coal  is  left  to  support  buildings 
on  the  surface.   C  83,  q.  2295.    Reservoirs,  rapes, 
filters,  weirs,  and  goite  to  oe  supported  besides  bmld- 
ings,  q.  2296.   Two  thirds  of  the  coal  left  for  support, 
q.  2298.   Flan  in  contemplation  with  regard  to  work- 
ing by  which  more  of  the  coal  is  to  be  taken  out, 
q.  2299.   Thickness  of  the  pillar  left  when  27  feet  are 
removed,  q.  2300.    PiUua  left  extend  considerably 
beyond  the  buildings,  q.  2302.   Would  expect  to 
leave  greater  breadth  as  the  ^ines  grow  deeper, 
q.  2303.   The  earth  to  be  supported  between  the  mine 
and  the  surface  in  the  form  of  a  pyramid,  q.  2304. 
Subsiding  part  with  a  luge  base  upwards,  q.  2308. 
Stopping  short  in  working  from  the  rise  to  the  deep, 
q.  3312.    The  base  of  the  foui^sided  cone' left  to 
support  buildings  should  increase  in  the  four  direc- 
tions by  one  tenth  of  the  depth,  q.  2314.  Beyond 
tluB  a  margin  of  about  20  yards  1^  on  the  sarfiuie 
round  the  object  to  be  supported,  q.  2315.   At  a  depUk 
of  100  yards  would  leave  30  yards,  and  at  r  depth  of 
200  yards  would  leave  40  yar^  &c.   C  84-85, 
q.  2dl&>2318.    Proportions  seem  to  be  baaed  on 
sdentific  and  practical  principles.    C  85,  q.  2320. 
Nature  of  the  surface  works  to  be  supported,  q.  2321. 
Proportion  of  coal  about  to  be  left  tor  support, 
q.  2322.   Amount  of  coal  to  be  1^  for  the  support 
of  surface  work,  q.  2323.   Would  put  the  value  of  the 
amount  of  coal  left  at  29,920/.  for  &e  landlord's  rent, 
q.  2324.   Loss  to  the  lessee,  q.  2325.   Impossible  to 
say  what  the  value  of  the  surface  works  is,  q.  232?. 
Depth  of  the  workings  under  the  surface  works  from 
160  yards  to  400  yafds.  q.  2329.   Manner  of  waking 
80  tnat  the  surface  might  settle  uniformly  wi&out 
domg  any  serious  damage  to  tiie  surface  works, 
q.  2330.   Reservoirs  fed  from  snr&ee  drainage  from 
farm  lands,  q.  2331. '  Result  upon  the  reservoir  would 
depend  upon  the  surface  of  the  snirouniUng  ground 
fai  the  neighbouThood,  q.  2333.   The  coal  looked  upon 
as  private  property  by  the  individual  who  6wns  who 
considers  that  he  has  a  right  to  do  what  he  likes  witii 
it,  q.  2334.   Lessee  having  power  to  do  what  he  likes, 
q.  2335.   Lessee  allowed  by  his  lease  to  leave  as  much 
aa  shall  be  neoeswiy.  C  86,  q.  2336.  LesBce  tiksi 
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Flktchbr,  Hbrb»»t— con*. 

the  whole  KBponnbility  of  the  dainii((e8,  q.  2337- 
Pillars  not  dewsribed  in  the  lewes,  q.  2338.  Large 
tests  of  coal  worked  away  from  under  the  Liverpool 
Waterworks,  q.  2340.  Pipes,  reservoirs,  and  bleach- 
works  might  be  preserved  without  such  a  sacrifice  of 
ooal  bdng  made,  q.  2341.  Owner  of  worka  entitled 
to  tbeb  ftmndation,  q.  S342.  Large  tracts  of  coal  left 
by  arrangement .  between  the  lessee  and  the  lessor 
without  the  sanction  of  any.ooe  on  behalf  of  the  public, 
q.  2346.  Little  inducement  for  the  lesaee  to  incur 
tne  slightest  risk  in  talung  away  the  coal,  q.  2347. 
Subsidence  takes  several  years  to  come  to  rest.  q.  2349. 
Regular  and  gradual  without  breaks,  q.  2351.  All 
the  coal  worked  <mt  under  railways  and  caiials, 
q.  2354.  Thinks  that  the  pillars  left  will  never  be 
returnable,  q.  2361. 

Flktchbb,  LavinIbton  E.  t 
Evidence  of.    B  79-83. 

Thinks  that  the  number  of  steam  boilers  in  the  United 
Kirgdow*  cannot  posaibly  be  less  than  50,000.  Con- 
siderable improvement  Utom  giving  up  the  old  low 
{vcesnre  system.  Room  for  improvement  and  the 
means  at  tjie  disposal  of  the  steam  user.  B  79, 
q.  1167-1169.  Engines  using  3  lbs.  of  ftiel  perhorsc- 
power  per  hour  may  be  worked  at  40  lbs.  pressure, 
q.  1179.  These  engmescut  off  at  about  one  sixth  of 
ihe  stroke,  q.  1172.  Much  variation.  They  are  at 
one  eighth,  or  one  tenth,  or  one  sixt^,  q.  1174.  Indi- 
cated vacuum,  q.  1175.  Boiler  uncovered  and  exposed 
to  all  atmospheric  action.  B  80^  q.  1182.  A  reason- 
able ef»nomT  would  be  effected  by  covering  the  boUer, 
q.  1184.  The  fiwt  that  tluraaaDda  of  boSlera  are  ex- 
pend to  the  altematioDa  of  tiie  weather  to  be  ascribed 
to  <»ieleiBneu,  q.  1186.  This  oanleesness  to  be  over- 
come by  the  general  spread  of  education,  q.  1186. 
Room  for  improvement  in  the  construction  of  a  steam 
boiler,  q.  1187.  Attributes  explosions  generally  to 
neglect,  q.  1194.  Greater  liability  to  explosion  from 
ahntness  <^  water  in  a  tube  boiler  if  the  attendant 
does  not  pay  attention,  q.  1195-1196.  Does  not  accept 
the  principliB  (k  expecting  every  man  to  be  neglectful, 
q.  1197. 

Wigan  Company  have  150  boilers,  q."  1199.  When  a 
man  has  a  good  boiler  he  takes  care  of  it,  q.  1200. 
Conditions  got  in  glass  vessels  with  regard  to  explo- 
siQUB  can  hardly  be  got  in  a  steam  boiler,  but  it  does 
not  follow  that  it  cwinot  be  so,  q.  1201.  Steam 
creeps  in  between  tiie  boilers  and  the  plates.  B  81, 
q.  1203. 

Experiments  tried  on  steel  and  iron  boilos.  Coold  not 
asoertun  any  practical  advantage  in  the  steel  over  Hie 
iron  or  in  the  iron  over  the  steel,  q.  1204.  Could 
not  find  am  practical  advantage  in  the  Gallowaj 
bofler,  q.  1207-  Advantage  from  the  introduction  of 
an  economiser,  q.  1209.  Advantage  in  removing  the 
matterj  which  is  constantly  accumulating,  q.  1212. 
Does  not  doubt  that  an  economiser  might  economise 
25  per  cent,  in  muiy  cases,  but  no  rule  can  be  esta- 
bliBbed,  q.  1213.  Could  not  acbept  the  statement 
that  by  the  introductions  of  Galloway's  tubes  and  of 
Green's  economiser  that  2J  lbs.  per  horse-power  per 
hour  were  only  used,  without  very  coneideraDle  inves- 
tigation, q.  1214.  Approves  of  economisera  highly, 
but  would  not  wish  to  say  that  they  save  25  per  cent., 
"q.  1215.  Improvement  in  the  economy  of  fuel  will 
be  as  much  a  matter  of  general  education  as  of  simple 
mechanics,  q.  1217.  A  long  time  b^ore  thcOTetioal 
perfection  is  attained.  A  too  mechanical  view  d  the 
subject  must  not  be  taken.  Mutt  be  viewed  in  an 
engineering  light,  and  that  which  we  call  tiie  human 
element  must  not  be  left  out,  4- 1219.  Sole  otgwt  of 
the  manufheturer  not  to  eoonoodse  ftiel  but  to  make  a 
b^ance  at  the  end  of  tiie  year,'  q.  1220.  Engines 
must  be  subservient  to  the  works  in  which  they  are 
placed.  Engineering  advancement  dependent  on  the 
advancement  of  tibe  workmen.  B  82,  q.  1222.  la 
afraid  that  we  have  retrograded  in  engineering.  James 
Watts*  steam-jacket  given  up.  Steam-jacket  a  dead 
,  letter  for  many  yean,  q.  1223.  Wonld  have  to  edu- 
'  cate  the  steam  user  as  well  as  the  engineer,  q.  1224. 
Advantage  would  accrue  from  technicu  education,  but 
has  not  regarded  it  as  a  great  source  of  our  present 
effidency,  q.  1225.  Witha  trained  stoker  can  realise 
as  good  a  reanlt  by  hand  firing  as  with  a  madiine, 
q.  1226. 

Consumption  of  coal  per  horse-power  per  hour  through- 
out the  United  Kingdom  about  6  or  7  lbs.,  q.  1!S7. 
An  economy  of  25  per  cent,  might  be  isalised  upon 
Hug  oouBamp4toi»'  q.  1228.   Cosl  and  as  it  comes. 


large  and  small,  a.  1229-1230.  Hwdly  thinks  Hut 
aoy  economy  is  realised  by  patented  inventions  for  the 
consumption  of  smoke,  or  ever  will  be,  q.  12S1.  Last 
vestige  of  smoke  cannot  be  extinguished  withont  Whit- 
ing the  last  few  atoms  of  carbon  with  more  oxygen 
than  is  .required,  and  the  advantage  is  lost  by  the 
superfluous  amount  of.  cold  air,  q.  1232.  To  prevent 
smoke  might  cost  a  little  highn  remuneration  to  the 
stokers,  and  nothing  more.  A  little  more  attention 
and  a  higher  class  of  men  required,  q.  ,1233.  All  that 
is  required  is  a  little  firing  and  the  admission  of  a 
little  air  through  the  door  to.  stop  all  the  smoke  in  aU 
fiuTtories,  q.  1234.  An  eoononueal  system  of  smoke 
burning  adopted  at  Wigan  with  good  results.  B  82- 
83,  q.  1235. 

Fire  Innited  by  boiler.  B  83,  q.  1236.  Diameter  of 
bnleir  limited  by  thickqess  ik  piste.  This  linta  the 
power  of  tin  foniac^  q.  1237. 

Boilers  m^t.  >ntb  witnout  man-hole  mootiL-neee^ 

q.l239.  . 

Refusing  to  certify  boilers  not  well  copstncted  gives  the 

Steam  Users  Association  and  the  Boiler  Assuianoe 

Association  ^11  control,  q.  1240. 
Inquiries  at  coroners'  inqu^ts  do  not  produce  truthful 

testimony,  q.  1244. 
Atmospheric  pressure  used  in  the  experiments  at  Wigan, 
'  q.  1245.   A  pound  of  water  lost,  q.  1246.   This  to 

be  deducted  from  the  quantity  evapc«ated  from  a 

pound  of  co^  q.  1247- 

Flintshire  and  Derbyshire  Coalfield  : 
A  moat  complete  series -of  rocks  in  Uie  carboniferom 
.series,  including  the  mountain  limestone,  the  miD- 
atone  grit,  and  the  lower,  middle,  and  upper  ooal 
measures,  all  in  regular  order  and  snccessifm.  Acroai 
the  vsUot  of  the  Severn  unto  the  district  of  Sinews- 
bury  and  Oldbnry  all  tiie  lower  carbonifooos  rocks 
are  entirely  absent  and  tiiere  is  nothing  but  tiie  upper* 
most  coal  measiues.   D  26,  q.  326. 

FuNTSHiBE  Coalfield  : 

Lower  carboniferous  rocks  brought  up  partly  against  the 
line  of  a  fault.  The  fiuilt  and  upheav^  referable  to 
the  pre-Permian  period.  O  27,  q.  327.  Probable  thai 
this  coalfield  is  connected  under  the  aea  with  a  veiy 
small  portion  of  coal  measures  at  the  month  of  the 
river  Clwyd.  D  32,  q.  365.  Goalfiehl  ranges  as  far 
as  the  prolongation  of  the  Pendle  line  of  iqiheBysl, 
which  ranges  throu^  Blsekbnm  and  -luar  Onukiik 
in  a  soutii-westerly  oureotion,  q.  368. 

Coalfield  to  be  expected  south-east  t)f  this  line,  q.  369. 

Flues  round  Coke  Ovsns: 
Better^eld  of  coke  got  by  means  of  thou.   B  12, 

Fluids  of  the  Human  Boot  : 
Could  not  resist  a  very  great  increan  of  tempetatmc 
above  96°.  A  85,  q.  171&-17I7-  Evaporation  from 
the  skin  and  lungs  will  enable  a  man  to  bear  a  higher 
temperature,  q.  1/18.  A  man  could  not  exist  for  any 
length  of  time  were  the  fluids  of  his  body  heated 
above  100°,  q.  1719.  The  tendency  of  a  temperature 
of  100°  accompanied  with  labour  would  be  to  mcreass 
the  temper^ure  of  the  intttnal  fluids  beyond  the 
normal  condition.  Effect  of  this  dannrons.  A  91, 
q.  1839. 

Fly-vtbbel  Engines  : 
Fly-wheel  mgines  constructed  giving  a  better  lesnlt  tiin 
tbe  Cconisn  enpnes.   B  4,  q.  29. 

Flt-wrbels  in  connexion  with  Watks-wbbilb  : 
Used  in  fb^gw  and  iron  zoDing  mills  in  oonnexiaa  witt 
water-wheds.  B  46^  q.  617. 

Form  of  Order  fob  Maps.   P.  8. 
Suggested  for  return,  snmmsiy  of  resaUs.   P.  62.  ~ 

FoRHtTLA  for  the  purpou  of  finding  the  water  gauges. 

A  58,  q.  1073. 

Forest  op  Wyre  : 
Lower  c^bonifcrcmB  rocks  entirely  absent.  Tracing  the 
Forest  of  Wyre  rocks  soutii  to  the  district  o?  the 
Abberly  Hills,  Permian  rocks  are  found  zesting 
directly  upon  the  SiUuian  rocks.  D  26,  q.  325.  The 
coal  measures  of  the  Forest  of  Wyre  lie  unoonfonnably 
on  the  Old  Red  Sandstone  800  feet  thick  where 
thickest.  Unproductive  or  nearly  so.  D  51,  q.  465. 
Carboniferous  strata  of  the  Forest  of  Wyre  are  of  very 
difaiei^  thickness,  lying  upon  a  very  inc^rular  sorfMe 
ofthaOldRedSsnds^rveks..  ]i>  86,  .q,  702. 
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FoRSTBR,  George  bAjCRR: 

'Eridence  of.   A  73-74.   C  64-^.    Belgian  mines. 

Depth  of  pit  near  Cbarleroi  880  yards.  A  73,  q.  1417. 
Coal  wrought  at  a  depth  of  880  yards,  q.  1418.  700 
yards  in,  q.  1419.  Coal  dips  a  little.  Coal-faces  700 
yards  from  the  Bhaft,  q.  1421;  Working  on  a  sort  of 
long-wall  system,  q.  1422.  6,000  cubic  feet  of  air 
carried  up  to  the  working  face  not  a  bad  ventilation 
at  the  fece,  q.  1425.  Temperature  at  the  worki.ng  face 
81*^,  q.  1426.  Working  atrout  100  tons  a  day  out  of 
seam,  q.  1427.  Advance  of  the  face  as  rapid  as  in  the 
regular  lonff-wall  system  of  working  in  this  country, 
q.  1428-1429.  Number  of  men  working  at  fac^ 
proportionate  to  the  length  of  the  face,  q.  1430.  New 
siiirace  exposed  not  equal  to  what  it  is  m  an  OTdinuy 
licfld  pit  in  this  eoun^,  o.  14^.  Would  thinX  that 
the  temperature  would  probably  become  higher  as  tiiey 
got  further  away  from  the  Bhan,  q.  1432.  did  not 
feel  at  all  hot.   A  74,  q.  1433. 

Pit  at  St.  Gilly  abandoned,  q.  1434.  Shaft  at  St.  Gillr 
sunk  to  a  depth  of  nearly  1,000  metres,  q.  1436.  Ft 
abandoned  on  account  of  coal  proving  thin,  hut  not  on 
account  of  the  temperature  bemg  too  high  to  work  in, 
q.  1438-1439. 

Temperature  at  the  extreme  far  end  of  the  level  under 
the  sea  at  Whitehaven  70°,  q.  1449.  Depth  under  the 
sea  at  this  point  about  140  or  150  yards,  q.  1450. 

Loads  drawn  direct  at  one  pull  in  Belgium,  q.  1452. 
Horizontal  cylinders  used,  q.  1454.  Size  of  rope, 
q.  1455.  Ropes  iron  wire,  q.  1456.  Weight  of  coal 
drawn,  four  tubs  one  ahore  tne  other,  q.  1457.  Shaft 
elliptical  3*40  metres  long  by  two  metres  wide,  q.  1459. 
Not  much  gas,  q.  1460.  Women  woric  in  the  mines, 
and  an  not  mnok  omsened  with  the  temperstras  of 
81^  InoreHB  of  the  Bel  Igian  tern  perat  ore  one  dCRies 
for  83  feet  in  d^,  q.  1466. 

Northumberland  and  WbitebaTan  ^ataiot. 

Entirely  steam  coal  in  Northumberland.  C  54,  q.  1524. 
Coal  hes  at  a  slight  inclination,  q.  1526.  Wronght  at 
about  160  fathoms  below  the  simace,  q .  1626.  Greatest 
distance  at  which  work  is  oarried  on  from  the  shaft  in 
Northumberland  and  two  miles  in  large  pita.  Much 
more  than  this  in  the  case  of  holing  from  one  pit  to 
another,  q.  1528-1529.  Steam  ctKtl  worked  entireh' 
by  the  hoard  and  pQlar  system,  q.  1530.  Sketch 
showing  the  system,  q.  1531.  Boards  from  five  to  six 
yards  wide,  q.  15^.  Thirtyyards  distance  between 
the  cut-throughs,  q.  1533.  Size  of  pillars,  q.  1534. 
Small  pillars  get  crushed,  q.  1537-  20  per  cent,  of  coal 
crushea  in  piUars  in  consequence  of  their  being  left 
too  small,  q.  1539.  Thegie^^portunof  this  obtained 
by  leaving  lawer  pillars,  q.  1540.  Coal  destroyed  by 
wliin  dykea.  C  64-56,  q.  1542-1543.  Whin  dykes 
nnmeKrasinthedistrict^q.  1548.  ThCT  do  not  destroy  as 
mudi  coal  as  the  smaller  troubles,  q.  1549.  Not  much 
fire-^amp,  q.  1550.  Thickest  seam  of  ooal  about  six 
feet,  q.  1651. 

Board  and  pillar  ^stem  of  working  under  the  sea  at 
Whitehaven,  q.  1562.  Level  stretches  fiilly  three 
miles  in  length,  q.  1565.  Dip  of  the  coal  seaward  four 
inches  to  the  vara,  q.  1558-1559.  Thickness  of  seam 
10  feet,  q.  15m>.  Boards  driven  ax  yards  wide,  q.  1561. 
Width  of  pillar  20  yards,  a.  1562.  Width  of  cut- 
through  about  five  yards,  q.  1563.  Taking  away  pillar 
accoroiDg  to  depth,  q.  l5o4.  Per-centage  taken  out, 
q.  1565-1567.  Sea  bottom  principally  rock,  q.  1568. 
Good  shale  beds  lying  above  the  coal,  q.  1569.  Sea 
found  its  way  into  the  mines  at  Workington,  q.  1573. 
Not  a  fair  break-down  of  |the  sthita  gravel  bed  which 
communicated  with  ^e  pit,  a.  1576.  So  much  coal 
apportioned,  to  each  set  of  lerua,  q.  1578.  All  the  coal 
at  Aigb-watermark  being  wcvked  an  independent  road 
cannot  be  made  to  the  feoe,  q.  1580.  H'osuppfffts  left 
for  roof  hut  the'  ooal,  q.  1583.  Mines^  dip  away  to 
the  westward  under  the  sea.  C56,  q.  1589.  Greatest 
depth  at  low  water  worked,  q.  1590.  No  means  <MP 
ascertaining  whether  there  is  any  subsidence  in  tlie 
BorflMe  of  the  ground  under  the  sea.  q.  1591. 

NwUiumlMrian  pits  all  worked  by  sqtarmtiomt  q.  1595. 
92  per  cent,  of  ooal  broueht  to  the  surfece,  q.  1696. 
All  that  is  lost  is  from  trouDloe-  and  bad  coals,  q.  1602. 
1,300  tons  per  foot  per  acre  a  fair  average  for  North- 
umberland, q.  1604.  Instances  ai  going  1,000  yards 
without  touening  a  fault  at  all,  q.  1607.  Barriers  for 
water  left  to  a  cotain  extent,  q.  1608,  Leases  impose 
the  obligation  of  leaving  haniers  along  the  boundaries, 
q.  1611. 

Coal  small  compared  with  Welsh  coal  or  MidlaAd  coal, 
q.  1615.  Amowwt  lost  in  Inoken  coal  continually 
oeoreaang,  in  consequence  of  working,  m^ch .  larger 
piUars,  q.  1617.  Steam  ooal  will  not  inake  coke, 
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q.  1620.  Making  patent  Aid  out  bf  the'  small  coal, 
q.  1621.  The  whole  of  it  got  rid  of  in  times  of  ordi- 
narily good  trade,  q.  1621.  Large  quantity  sent  with- 
out screening,  q,  1624.  Process  of  making  patent  fitel 
not  carried  on  to  any  extent,  q.  162?.  Would  not 
answer  in  a  commercial  point  of  view. '  C  56-57, 
q.  1629.  Were  furnaces  adapted  to  the  use  of  small 
coal  there  would  be  no  difBculty  in  Imming'it,  q.  1634. 
Small  -coal  burnt  in  most  stationary  engines.  Does 
not  think  that  it  would  ever  answer  to  send  away 
small  coal  to  be  used  in  steamboats,  q.  1635. 
Does  not  think  that  Juke*8  apparatus  would  increase  the 
consumption  of  small  coal,  q.  1638.  Does  not  think 
that  in  the  immedi^  neighbourtiood  of  Northumber- 
land anybody  uses  large  ooal  in  ordinuy  boiler  fires, 
q.  1639.  Gnreat  deal  of  small  coal  not  utitised  at 
present,  q.  1644,  Cartload  a  fortnuht  given  to  the 
minera  for  their  house  fires,  q.  164/.  CoUieiy  con- 
summon  about  10  or  12  per  cent,  of  tiie  drawings. 

No'  order  observed  in  working  the  seams,  q.  1659. 
Seams  passed  through  rettunable,  q.  1660.  Working 
of  the  lower  seam  not  found  to  deteriorate  the  upper, 
q.  1661.  Has  never  seen  a  crack  in  the  upper  seam, 
q.  1662.  As  long  as  there  is  a  sufficient  supply  in 
the  best  seam  that  is  the  workable  seam,  q.  1663. 
Landlord  leaves  it  entirely  to  the  tenant,  q.  1664.  At 
Whitehaven,  when  the  top  seam  is  worked  first,  the 
under  seam  is  tougher,  q.  1668.  Upperseams  retiimed 
to  in  Northumberland,  q.  1670.  All  the  setuns  steam 
coals,  q.  1673.  Low  main  and  high  main  seams. 
C  58,  q.  1674.  Thickness  of  upper  seams,  1667. 
Seams  change  in  their  quality  from  a  bituminous  to  a 
steam  coal  goin^  north,  q.  16/9. 

Coal  almost  entirely  taken  out  in  Northumberland, 
except  under  manuon  bouses  and  large  huildinga, 
q.  1688.  Thepractiee  near  Newcastle  to  leave  ute 
pillars,  q.  1689.  Long-wall  system  not  practised, 
q.  16^.  Thinks  that  tne  long-wall  would  give  more 
produce  per  acre,  and  less  small  coal,  q.  1699-1700. 
Roof  comes  down  in  block  when  a  lu^e  pillair  of  coal 
is  taken  out,  q.  1701.  100  yards  of  co^  all. round  left 
to  support  mansion  houses,  q.  1702.  Half  the  coal 
taken  out  under  them,  q.  1/04.  A  few  pillars  IdFt 
under  farm  buildings,  q.  1707.  Roof  does  not  s'iit 
the  long-wall  system,  q.  1708.  Long-wall  tried  and 
abandoned  in  the  steam  coal  fxillieries,  q.  1710-1711. 
Short  of  stuff  in  working  the  long-wall  system, 
q.  1715.  Lonf^-wall  not  tried  at  all  under  the  sea  in 
Whitehaven  nuoes,  q.  1718.  Working  large  quantities 
of  the  Huttoa  seam  on  the  Type,  under  the  hi^di  main 
water.  C  58-59,  q.  1719.  "Die  ground  subsides  veir 
soon  in  the  h>ng-wall  system  of  working,  q.  1739. 
No  power  of  uniting  propertiea  -mth  regard  to  working 
coai,  q.  1732.  Has  met  with  workings  of  which  tha 
records  have  been  vei^  imperfect,  q.  1735.  Flans  of 
workings  preserved  m  Northumberland,  q.  1740. 
Sections  of  the  strata  preserved,  q.  1/41.  No  system 
by  which  a  stranger  can  have  access  to  the  information, 
q.  1742.  Does  not  think  that  the  Government  having 
these  records  would  be  of  any  use  in  this  country, 
q.  1745.  Thinks  depositories  of  such  records  shoud 
be  in  districts,  q.  1751.  Parties  bound  to  keep  a  nlan 
only  while  the  colliery  is  at  work.  C  60,  q.  1/58. 
Working  in  compartments  with  regard  to  security  in 
case  of  the  sea  breaking  in,  q.  1764-1765.  40  or  50 
yards  of  a  barrier  proposed  to  l>e  left,  q.  1766.  If  the 
Water  got  into  one  compartment  the  whole  would  be 
lost,  q.  1776.  Restrictions  as  to  leaving  barrim, 
q.  1780.  Property  bdonging  to  the  owner  of  the 
a^oining  land  not  under  the  control  of  the  Crown 
between  nigh  and  low  water  mark,  q,  1782.  Thinks 
that  the  portitm  the  sea  between  the  flowing  of  the 
tides  ought  not  to  be  thrown  into  common  aU  along, 
q.  1784.  To  make  the  works  secure  from  the  encroach- 
ment of  the  sea,  the  boundary  must  be  preserved  from 
the  sea-^ore  right  away  kndwarda,  q.  1787.  Coals 
rising  seaward  at  Kyth,  q.  1788. 

Four  Febt  Minb  1 
Not  worked.  Got  drownec^  1842.  C  9»  q.  345. . 

FowLKR,  GbobCb  : 

Evidence  of.   C  70-76. 

Coalfields  of  Leicestershire  and  Warwickshire. 

System  of  working  wholly  on  the  long-wall  method. 
C  70,  q.  2002.  Generally  by  gob  roads,  q.  2003. 
Aoads  taken  entirely  out  of  Uie  roof,  q.  2004.  Gobs 
lUdile  to  spontaneous  oombnstion,  q^20O&.  Diagmma 
of  the  LeiceBierslure  ooalfield,  q.  2006..  No  vaata  fn 
piUan,  q.  2008.  No  coal  Irft  for  suppcnrt  xoads. 
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FowuR,  GMonam—wnt. 

q.2009.  400  tons  of  slack  per  foot  per  acre.  C  70-72, 
q.  2010.  Thinka  that  the  Bm&U  ooal  might  be  made 
into  artificial  fuel,  a.  2012. 

Leicestershire  coalfleld  really  divided  iato  two  coalfields, 
q.  2015.  Nothing  in  the  nature  of  the  strata  or  fossils 
enabling  the  one  to  be  identified  with  the  other, 
q.  2016.   No  connexion  traced,  q.  2017. 

IVincipal  seam  on  one  side  the  main  coal,  q.  2018. 
Total  thickness  of  this  seam  12  feet  7  inches,  q.  2019. 
Average  thickness  at  work  6  feet  11  inches.  Coal  leffc 
not  marketoble  at  a  profit,  q.  2021.   Upper  part  of 

'  coal  might  be  eaailT  got  by  leaving  a  certain  portion 
for  tiie  roof,  q.  2025. 

His  view  is  that  the  waste  is  too  great,  and  that  the 
wnount  left  behind  is  too  lai^e,  q.  2030.  Usual 
method  of  letting  the  coal  is  at  so  much  per  acre, 
q.  2035.  The  tenant  does  what  he  thinks  best  in 
working  the  coal.  q.  2037.  Cream  of  the  coal  taken  at 
present,  q.  2038.  Thinks  that  supposing  mine  closed 
for  some  nundreds  of  years  that  it  could  be  worked, 
q.  2042.  More  costly  to  work  the  mine  after  it  bad 
been  abandoned,  q.  2043.  Thinks  that  there  is  more 
small  coal  made  by  the  pillar  and  stall  than  by  the 
long-wall  mtem.  C  73,  q.  2046.  Depth  of  the 
mines,  q.  2047. 

General  t^dency  of  depth  is  to  increase  the  amount  of 
crushing,  q.  2048.  Waste  in  the  other  seams  merely  the 
alack,  q.  2050.  Shick  will  not  coke,  a.  2051.  Getting 
of  the  lower  part  something  to  be  done  at  a  ftiture 
time,  no  provimon  for  it  now,  q.  2053-2054.  Plana 
record  what  pmrtions  <^  the  seam  are  left,  q.  S056. 
Utiliamg  the  noall  coal,  q.  2057-2058.  Proportion  of 
the  main  coal  to  the  other  seams,  q.  2059-20d1  , 

Amount  of  loss  from  faults  in  one  portion  of  the  Leices* 
tershire  coalfield  is  eight  per  cent.  q.  206€. 

No  engine  planes  in  I^iceatershire,  q.  2067.  Warwick- 
shire OGttmeld  a  trough.  At  Wyken  Colliery  the  face 
of  coal  is  brought  right  up  the  side  of  the  trough, 
q.  2068.  A  very  smaU  portion  of  coal  left  for  airways, 
q.  2070.  Amount  of  coal  which  goes  to  sales,  exclud- 
ing the  main  seam,  is  1,000  tons  per  foot  per  acre, 
q.  2072.  320  tons  left  In  the  mines  in  the  smaller 
seams,  q.  2076. 

Lacestershire  coal  very  peculiar  and  very  difficult  to 
work.  C  74,  q.  2102.  Few  cases  where  coal  is  left  to 
support  buildings,  q.  2103.  Settling  down  of  build- 
ingi,  q.  2106.   BmUings  sometimes  strapped,  q.  2106. 

Thifs  coal  near  Coventry,  q.  2112.  Angle  of  dip  near 
Coventry  45  degrees,  q.  2113. 

Getting  the  upper  seams  first  a  better  ^an  coming  into 
favour  in  Warwickshire.  C  75,  q.  2122.  Coal  crushed 
in  the  upper  seams  by  working  the  lower  first,  q.  2134. 
Thick  Warwickshire  seam  one  fifth  or  one  sixm  of  the 
whole,  q.  2127.  60  feet  total  thickness  of  the  seuns 
in  the  Warwickshire  coalfield.  Seams  very  irregular, 
q.  2130.  Dealing  with  a  gob  on  fire,  q.  2132.  In- 
sulating the  gobs  from  the  air,  q.  2133.  Working 
fiuM  taking  fire,  q.  2134.  Shutting  it  up  to  extinguish 
the  fire,  q.  213(5.  Plan  of  extinguishing  fire  in  the 
Warwickshire  mines,  q.  2136.  Unwise  to  have  a 
strong  current  of  air  running  along  a  goaf  road  in 
Warwickshire,  q.  2139.  Fire  smelt  a  long  time  before 
it  breaks  out,  q.  2143.  Temperature  in  the  workings 
in  some  extreme  cases  up  to  /£  d^reea  j  60^^  the  usual 
heat  of  the  mines,  q.  2147. 

Fox.  R.  W.,F.R.S.: 
Besults  of  his  observations  on  temperature  made  in  three 
deep  mines.   Means  of  his  results.  Temperatures 
taken  in  the  rocks  only  at  the  deep  levels  in  several 
mines.  A  9.  Replies  of,  to  ciroular.  A  1.  A  131. 

Fbb>  Goal  a,hd  Bihdiho  Coal  : 
Mixture  of.  B  69,  q.  998. 

FuNOH  BoiLBH.   B  49,  q.  676. 

Full  Aaontio  eqmvalent  of  fines  for  a  unit  of  heat.  B  4, 
q.SO. 

FUKHAOI : 

Ventilation  by  furnace.  150,000  cubic  feet  of  air  per 
minute  got  by  furnace.   A  34,  q.  506. 

The  greater  the  depth  of  the  pit  the  easier  is  the  furnace 
ventilation.  A  34,  q.  507.  Travelling  road  made  on 
each  side  of  a  furnaoe  drift,  q.  608.  Travelling  road 
removes  the  heat  derived  from  the  furnace  drift  from 
the  coal,-  q.  509.  Driving  small  drifts  alongside  of  the 
main  airwa;^s,  1^.  510. 

Furnace  ventilation  less  eEBdent,  less  econcnnical,  and 
leas  safis  Hun  mediaiuoal  ventilation.   A  39,  q.  631. 
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Furnace  a  source  of  anziely  to  an^  colliery  manager, 
q.  632.  Ventilation  by  mechamcal  means  can  be 
increased  almost  to  any  extent,  q.  634.  Greater 
amount  of  air  passed  through  by  an  engine  than  by  a 
furnace,  q.  636.  Cheaper  to  ventilate  by  machine  than 
by  furnace,  q.  637.  Engmes  aasiating  furnace  in 
ventilating.  A  58,  q.  1060-1066. 
Dimensions  of  furnaces  best  suited  to  the  materials  of 
the  South  Wales  district.  Furnaces  in  the  north  of 
England  built  100  feet  high.  Evei^  increase  in  hngfat 
and  c^Mcity  attendftd  with  a  saving  in  fuel.  B  7, 
q.96. 

Revolving  black  ash  fiimace.  No  economy  in  fud 
*  resulting  from  it.  B  II,  q.  143-144.  New  puddlicg 
furnaces.  More  weight  of  wrought  metal  got  out  of 
them  than  the  weight  cf  pig  iron  put  in.  B  35,  q.  410. 
Fettling  or  oxide  of  iron  put  in  with  the  igig  iron, 
q.  412.  Saving  of  fuel  by  puddling  grey  pig  iron. 
B  36,  q.  427.   Coat  of  these  fbmaces,  q.  437-i'£l. 

FuBNBss  Abosy  :    Permian  ares. 

A  small  Permian  area.  Mode  in  which  the  Permian 
rocks  have  come  in  contact  with  the  carboniferous 
limestone  renders  it  probable  that  beneath  this  Per- 
mian area  »o  workable  seams  of  ooal  occur.  D  103. 


G. 

Galloway  Boilbr: 
Opinions  with  respect  to  economy  in  the  use  of  it.  B  22, 
q.  268-2/0.    Galloway's  manufactory,  Manchoter. 
B  23,  q.  277-    15  per  cent,  of  economy  in  coal  said  to 
be  e&cted  by  the  use  of  it.   B  23,  q.  299^300. 

Galloway's  Tubes: 
Advantageous  as  ftpi^ed  to  Cornish  bralera.    B  78, 
q.  1133.   Economy  of  Aiel  resulting  fimn  introdudng 
tliem.   B  81,  q.  1214. 

Galton,  D0UG1.AB,  C.B.,  &o. : 
Memorandum  on  ventilating  fire-places.   B.  93  to  96, 

Gannistbr  Substratum.   C  3,  q.  19. 

Gaclt.   D  21,  q.  290-291. 

Gab: 

Small  in  quantity  at  the  great  depth  of  Monkvearmouth 
colliery.  A  34,  q.  627-  No  gas  at  all  in  Upper  DuS^. 
A  35,  q.  528.  Some  mining  engineers  hold  that  the 
quantity  of  gas  increases  with  the  depth,  q.  529.  Deq) 
mines  almost  entirely  free  from  gas.  A  36,  q.  5/6. 
Most  dangerously  prevalent  at  from  80  to  180  fathoms 
deep.  Working  down  from  180  to  300  fathoms  00m- 
p&ratively  pure.  A  36,  q.  577-  Freedom  from  gas  in 
aits  of  great  depth.  A  36-37,  q-  57&-680.  Less  gas 
in  the  lower  depths,  ^m  160  to  300  fathoms,  than  in 
a  correspondingdistance  higher  up  with  less  pressure. 
A  37,  q- 683.  Total  exemption  fiton  gas,  at  the  deptii 
of  60  or  80  fathoms,  from  Chestcr-le-Street  eastward 
half  w^  to  Sunderiimd.  Gas  ^entifiil  in  the  district 
between  Ae  rivers  Tyne  and  Wear,  between  80  and 
180  &thoms,  q.  585.  Greater  quanta^  given  off  in 
deep  collieries  than  in  shallow  onev.  C  16,  q.  4S&, 
Diminution  with  depth  of  the  gas  given  off  in  tbe 
Aberdare  district.  C  21,  q.  613.  Gas  made  in  the 
goaf  of  the  lower  beds  aometimes  coming  up  tiuoogh 
cracks  into  the  upper  beds.   C  90,  q.  2444. 

Gas  Producer: 
Descriptbn  of.   B  4,  q.  8. 

GxiKiB,  Archibald: 
Evideneeof.  D  89-91. 

Ana  in  Scotland  oocupied  by  geological  finrnations,  later 
than  the  coal  measures,  compantivdy  smalL  One  of 
the  largest  areas  of  Fferinian  rocks  in  Seotiand  lies  in 
the  centre  of  the  county  of  .Ayr.  There  is  reason  to 
bdieve  that  coal  exieta  under  this  Permian  tract.  It 
appears  that  if  a  ooaljnt  were  sunk  through  the  centre 
the  Permian  basin  of  Ayrshire,  it  would  require  to 
pass  through  upwards  of  2,000  feet  of  rock  before 
reaching  strata  m  which  ocml  might  be  found.  To 
the  north  and  north-west  of  the  Grampian  chain  no 
carboniferous  rocks  are  found.  Coal,  howe\'er,  exists 
in  that  northern  region,  and  has  been  wwked.  D  89- 
90.  q.  795. 
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Gbnbkal  Mattirs: 

Boreholes,  wrooff  to  put  in  some  places.  C  30,  q.  875. 
Difficult  to  plUK  a  borehole*  q.  876.  An  accident 
might  Biiw  from  a  horehole  being  cut  in  any  of  those 
places  by  which  the  water  might  get  dowu.  C  .31, 
q.  880.  Uniting  of  small  properties.  C  34,  q.  1011. 
A  sufficiently  laif[e  area  to  make  it  worth  while  to  sink, 
q.  1012.  Coal  left  nwer  to  be  recorered,  q.  1013- 
1014.  Dangcnmu  chanoter  of  t^d  workings  filled 
with  mfeer,  q.  1015.  Encroachments  of  the  water, 
q.l016.  Flans  of  workings  to  be  kept.  G  35,  q.  1017. 
No  diffienltpf  in  having  access  to  plans  when  kept, 
q.  1018.  Deticacy  on  the  part  of  coUierr  owners  with 
legard  to  showing  the  plans  of  their  workings,  q.  1020. 
Keeping  plans  for  the  public,  q.  1038.  Barriers  to 
prevent  the  encroachment  of  water,  q.  1040.  Uniting 
smalt  properties  to  form  a  working  colliery.  C  52, 
q.  1494.  Reserring  pleasure  grounds  around  houses, 
q.  1496.  Good  plana  of  present  workings  kept, 
q.  1499.  Flans  of  old  workings  seldom  met  nith, 
q.  1500.  Depositing  plans  of  collieries  which  have 
ceased  to  be  worked  with  the  inspector  of  coal  mines. 
C  53,  q.  1603.  Reconls  of  the  results  arrived  at  W 
borings,  q.  1510.  Mills  and  hydraulic  works,  q.  1512. 
MiUs  placed  upon  coalfields,  q.  1614. 

Fower  of  proprietor,  with  regard  to  bis  property  being 
^ut  up  and  unworked.  C  59,  q.  1733._^  Plans  of 
working  ineserved  in  Ntirtbumberland,  q  1740.  Evil 
result  of  no  plan  of  working  being  kept,  q.  1756. 
Northumberlaiid  coals  rising  seaward  at  Blyth.  C  60, 
q.  1788.  nans  tk  workings  should  scarcely  be  left  to 
tne  can  of  a  single  individual.    C  64,  q,  11^7. 

Gbnbral  Meetings: 

First.   July  7th,  1866.    P.  2. 

Second.   July  13th,  1866. 

Third.   October  10th,  1866.   P.  3. 

Fourth.   November  8th,  1866.   F.  6. 

Fifth.    January  9th.  186?.    P.  6. 

Sixth.    February  13th,  1867-    F.  9. 

Seventh.   June  19th.  1867.   P- 24. 

Eighth.   Mareh  3rd,  1868.   P.  2?. 

Ninth.   December  22nd,  1868.   P.  60. 

Tenth.  March  16th.  18/0.  P.  62. 
.  Eleventh.   April  6th.  1870.    P.  62. 

Twelfth.   February  7th,  1871.   P.  67. 

F.  Bepwtera,  12  meetings,  June  9th— July  20th,  1871, 
P.  70-75. 

Thirteenth.   July  27tb,  1871.   P.  76. 

Generation  of  Steam: 
FVospects  of  economy  in.   Heat  lost  by  present  ^tem. 

B  72.  q.  1029. 

Geneva  Artesian  Well: 
Increase  of  temperature  with  dq)th  1°  for  about  5472 
feet. 

Geological  Survey: 
InfOTinataon  available  from  it.    D  2. 
OfKcers  of,  how  to  be  employed,  P.  1  b. 

Gbrnaekt,  Jules: 
Experiments  by  him  on  the  temperature  of  mines.  A  16, 
q.  193. 

Gbrstbkhoffbb  Furnace: 
By  means  ctf  it  the  sulphur  contained  in  the  zinc  ore 
suppUes  fueL   B  70^  q.  1004. 

GiLBEBT,  Lette  : 
Clifford  Mines,  hot  lode.  A.  97-101. 

Gill  Stoves: 
Do  with  one-fifth  of  tbt  fuel  required  by  an  open  fixe. 
B  21,  q.  244. 

GivxMO  Evidence  viva  voce.  P.  25. 
Glasgow  : 

Isrgt  quantttieB  of  coal  left  to  support  buildings  in  its 
neighbourhood.   C  46,  q.  1326. 

Glasshouses: 
In  Newcastle,  Sunderland,  Glasgow,  and  Leitli.  Pos- 
sibiliW  of  enduring  a  high  temperature  in  them  agree- 
ably.  A88,q.  Ijfe. 

Gob  Roads: 

Distance  to  which  carried  from  the  shafts.  C  48,  q.  1379. 
Working  with  them.  C  /O,  q.  2003.  Isohiting  them. 
C  75,  q.  2133, 


Gob  Walls: 
Not  built  in  Cheshire.  C  27,  q.  776.  CareAil  to  have 
them  in  Lancashire,  q.  777.  Particular  upon  the  point 
of  having  good  gob  walls  built  in  North  Staffordshire. 
C  31,  q.  892-893.  Cannot  be  so  efficient  when  the 
dip  is  from  15  to  18  inches  to  the  yard.  C  32,  q.  924. 
No  great  deal  of  air  lost  by  them.   0  48,  q.  1370. 

Godwin- Austen,  Robert: 
Evidence  of.    D  12-22. 

Statement  of  general  views  respecting  the  nature  of  coal. 

D  12. 

The  real  question  which  determines  the  areas  in  Eng- 
land and  abroad  over  which  coal  may  be  expected 
primarily  depends  upon  what  was  the  form  of  the 
coal-grbwth  areas  at  the  time  of  those  coal-growths. 
D  13,  Deaeription  map  showing  existing  coalfields. 
D  13.  Q.  200-205.  Present  coidBelds  merely  frag- 
ments of  lar^onesi  q.  205.  Disturbances  interfering 
with  the  onf^nal  condition  of  the  surface,  q.  205. 
Reference  to  map  by  Sir  Roderick  Murchison  and 
Professor  Sedgwick.  Westphalian  coal  formation. 
Coal  basin  of  tne  Ruhr.  Connection  of  the  coalfield 
of  the  Ruhr  with  that  of  Aix-la-Chapelle.  Great 
northern  extension  of  the  coal  band  beneatii  the  over- 
lying cretaceous  rocks.  D  14.  q.  206.  Equivalent  to 
the  Wealden  of  England,  q.  207.  'ITie  area  of  the  ■ 
coalfields  nearly  co-extensive  with  the  old  sca-bed 
forming  the  c-atboniferous  limestone,  q.  208.  Exten- 
sion of  the  Aix-la-Chapelle  basin  in  a  southern  di- 
rection, q.  208.  Strike  of  these  coalGclds  eaet  and 
west,  q.  209.  Narrowing  of  the  coal  band  at  Li^ge 
Rocks  of  older  date  than  the  carb'^nijerous  limestone 
rise  on  the  southern  side.  No  repetition  whatever 
of  rocks  of  the  age  of  the  carboniferous  period  on  tiie 
north,  ^.  209. 

Nummulitie  strata  Iving  upon  rocks  older  than  the  coal 
at  Vilvarde,  nortn  of  Brussels,  q.  210.  Devonian 
rocks  resting  unconformably  upon  a  scries  proved  to 
contain  a  lower  Silurian  fauna.  No  disturbance  on 
the  northern  side  of  the  basin.  Very  difi'erent  from 
along  the  south  side  of  the  Imsiu.  An  enor- 
mous upcast  which  brings  the  very  lowest  part  of  the 
Devonian  series  higher  in  some  places  than  the  coal 
beds.  Perhaps  the  greatest  develbpment  of  beds 
lower  than  the  Mountain  Limestone  ia  in  the  meridian 
of  Mons.  Part  of  the  coal  band  of  Belgium  and  the 
north  of  France  supposed  not  to  form  a  trough. 
Great  linear  trough  trending  east  and  west.  Fault 
raising  up  southern  half  of  the  trough,  q.  21 1 .  Whole 
series  of  coal  seams  to  the  north  abutting  against 
this  fault.  D  15.  q.  211.  'iliinks  that  in  many 
places  this  must  be  a  fbult  of  more  than  1,000  feet, 
q.  212.  Rocks  upon  the  southern  side  of  tliis  so- 
called  trough  all  along  the  line  of  this  fhult  older  than 
coal,  Devonian.  South  of  this  fault  tiie  formation  of 
another  great  basin,  in  which  the  whole  of  the  cnr- 
boniferous  series  is  brought  in  ngain.  Coat  band 
between  Namur  and  Dinant  coal  bands  of  the  lower 
coal  measures  in  the  direction  of  Lie'ge,  and  south  of 
it.  A  little  basin  folded  in  among  tiic  older  rocks, 
n-ith  Mountun  Limestone  underneath  it  upon  both 
sides  at  the  village  of  'llicna,  q.  213. 

Records  of  their  workings  kept  by  the  Belgians.  D  15', 
q.  213.  Manner  of  working  the  coal  by  the  Belginns 
where  very  much  broken  against  the  fault,  q.  213. 
Extension  of  the  Belgian  coalfield  across  the  depart- 
ment of  the  Nord  speculated  on  by  the  French  before 
the  great  revolution.  D  15,  q.  215.  Attention  of  ihe 
directory  and  of  the  empire  turned  to  the  coulBelds. 
q.  217.  Available  portion  of  coal  greater  in  the  de- 
partment of  the  P&s  de  Calais  than  in  the  department 
of  the  Nord,  q.  217.  C€>al  proved  to  extend  beyond 
B^hune,  q.  217.  Valencioines  coal  worked  far  tu 
the  west  of  Mons.  West  of  Cond^  there  are  two 
whole  French  departments  in  whidi  an  enormous 
quantity  of  coal  is  now  being  annually  laised.  D  16, 
q.  220.  Coal  of  tSiese  two  departments  under  the 
cretacrans  w  newer  secondary  rodcs.  q.  221.  Former 
extension  of  the  coal-growths  to  the  north  of  the 
Franco-Belgian  coal  band  shown  on  the  nuv,  q.  223. 
Devonian  series  dipping  under  coal  basin,  q.  224. 

Coal  worked  beneatit  Douay  and  Valenciennes.  Tour- 
nay  ia  upon  Mountain  Limestone,  Upeast  fault  upon 
the  sontnem  side  of  the  coal  basin  from  Valenciennns 
to  Li^ge,  q.  225.  Anything  certainly  older  than  the 
Devonian  series  only  found  at  Gembleux,  q.  226. 

Whole  of  the  Belgian  coal  band  several  times  completely 
cutoff.  D  17)  q.  231.  Particular  band  disappearing 
a  little  to  the  north-west  of  Therouaune,  q.  231, 
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Older  rocks  than,  the  coal  to  the  weat  of  it,  q;  232. 
(^cions  of  Dnmont  and  all  tfavc^  French  gemiaistB 
and  nuDiiiff  enffinean  with  nspeDt  to  tiie  band  tho 
Pas  de  C^ais  and  of  the  OepartttMit  du  Nted  and 
the  ci»l  of  the  Boolonnaia,  ^.-.232.  -  Would  retouurk 
that  the  coal  of  the  Bonlonnau  is  not  at  all  the  coal 
of  the  Belgain  band,  q.  233.  C&rri^re  de  Napoleon 
limestone  totally  diafinct  £tom  that  of  Hautbaoo. 
Important  band  in  the  Boiilonnau^  intermediate  be- 
tween the  upper  and  lower  limestonee.  Position  of 
the  co^  between  the  limestones  in  the  BoiB-  des 
Roches,  q.  234.  Little  patch  of  coal  visible  in  tjhe 
Boulonnais  has  nothin);  to  do  with  any  coal  worked 
in  France,  in  Westphalia,  or  in  Belgium,  q^.  236. 
States  that  the  structure  of  th^  whole  Palliozoic  area 
of  the  Boulonnais  is  shown  by  beds  lower  than  the 
mountun  limestone,  q.  237.  Beds  of  coal  appear  to 
be  thickest  at  Locquinghen,  q.  238.  Very  thin  at 
Hardinghen,  q.  240.  Anthracite  workable  in  the 
BoulonnaiS)  q.  241.  Researches  alonfir  the  hi^h  chalk 
ridge  to  the  north  of  the  Bonlonnau,  proving  De- 
vonian beds  to  exist.  O  18,  q.  243.  SinkiDg  by 
M.  Mnlot,  at  C^MS,  for  water,  stopped  by  coal  mea- 
sures, q.  245-247.  Sinking  at  Osiend,  q.  248. 
Strike  of  the  coal  measures  in  the  Boulonnus  niwth- 
west,  q.  250.  Axis  of  Artois.  Oolite  series  of  France, 
q.254. 

Kentish  chalk  escarpment  corresponds  with  the  nortJiiem 
escarpment  of  the  Boulonnais.  Basin  of  the  Weald 
only  an  indication  of  the  dimensions  of  the  great 
elliptical  area  of  the  Palspozoic  rocks.  English  area 
of  denudation  has  its  compleMon  in  the  Boulonnus 
upon  the  eastward.   D  19.  q.  254. 

Areas  of  valleys  of  elevation  bounded  by  escarpments 
due  to  a  repetition  of  disturbances.  D  19,  q.  255. 
Two  lines  of  disturbance  which  have  passed  through 
the  counlzy,  intermediate  between  the  axis  of  the 
Weald  and  the  disturbance  of  the  chalk  line  of  High- 
clere  and  KingscleK^  q.  256.-  Wiltshire  line  of  dis- 
turbance, q.  257.  True  axis  of  the  Wealden  a  carved 
hne,  q.  258.  Position  of  the  tme  ooal  fdlows  ihe  lor 
ground  parallel  with  the  bonndary  of  the  chalk, 
q.  260.  No  part  of  the  oolitic  series  hoieath  London, 
nor  beneath  Harwich,  nor  beneath  Ostend.  D  20, 
q.  260.  Impossible  to  resist  the  impression  that  along 
the  line  of  the  Thames  vall^  there  is  a  continuation 
of  the  Belgian  and  French  coal  basin  westward,  q.  263. 
Important  sinking  going  on  near  the  mouth  of  the 
Thames,  q.  264.  Has  distinguished  between  two  de- 
scriptions of  coal,  the  low  level  and  the  upland.  In 
the  low  measures  the  coal  formed  in  swampy  places. 
Different  with  the  higher  measures.  English  coal 
area  in  the  condition  of  Iresh-water  areas.  Alterna- 
tion of  these  areas  with  stvamp-gro^vths.  Resem- 
blance of  them  to  great  Isgoons  now  extending  from 
the  state  of  New  York  to  Florida.  Scarcity  of  marine 
shells  Euid  pre\'alence  of  fresh-water  sheila  in  ^e 
{preat  Li^e  coalfield  sufficient  to  show  that  the  whole 
of  it  was  a  freah-water  formation  over  a  subsiding 
area,  q.  266.  Two  ages  in  Belgium  of  shingle  derived 
from  the  Palseozoic  rocks.  One  of  them  underlies 
the  cretaceous,  series  throughout  the  whole  of  that 
counbipr.  Would  be  very  much  iSsposed  to  look  upon 
the  shmgte  beds  at  the  base  of  the  chalk  at  Kentish 
Town  as  referable  to  the  same  age  as  the  latter,  q.  269. 
Both  divisiohs  of  the  red  sandstone  series  wholly 
wanting  over  North  Belgium.    D  21,  q.  270. 

Correspondence  of  the  Belgian  coalfields  with  the  Welsh 
coalfields  as  respects  the  plants.  D  21,  q.  273.  De- 
scriptions of  Belgian  coal, — honille  grasse,  aenu-grasse, 
and  Flenu,  or  gas  coal. '  Where  there  is  a  long  suc- 
cession of  beds  of  coal,  the  lowest  coal  is  the  least 
bituminous,  and  it  becomes  niore  bituminous  as  it 
ascends  in  the  series,  q.  275.  Resemblance  of  the 
Belgian  coal  with  thkt  of  the  west  of  England  very 
Btaiking,  q.  276.  .Would  expect  the  area  wtween  the 
north  and  south  chalk  escupmnits  of  the  Weald  to 
conespond  exactly  with  the  CondroB,'wit^'onlT  the 
lorer  coal  measures,  q.  278-280,  Decroseinl^etiiidE- 
ness  of  the  Belgian  coe^  measures  owing  to  the  diminu-< 
tion  of  the  sedimental  deposits  which  generally  underlie 
the  coal  eastward,  q.  284.  Coal  measnres  m  the  Pas 
de  Cabis  much  more  productive  than  in  the  east  of 
Belgium,  where  the  whole  formation  is  three  times 
as  Uiick,  q.  285.  Tmating  and  tnmii^  of  the  Belgian 
coalfield,  a  feature  of  resemblance  betweeoi  it  and  the 
Somersetshire  fields,  q.  287. 

Reason  to  suppose  that  beneath  London  the  green  sand 
is  as  nothing  compared  with  what  it  is  in  the  hills 
of  Sumy  and  Kent.   Would  not  be  at  all  astonished 


X.-  CK>< 

that  very  little  mm  tand  should  vbadbanibflto»41w 
gauft  at  NsvCtpOK.  >Loinr.  Mi  :«if-tfca  'SPifsnfiiB 
series  iA  CttXandgtMie  •»&  •febewtew  diov  a  thin- 
ning out  of  titat  paM«f  ^-cMtHsensiinies,ii^  291. 
lliinks  that  it  weiold  bs  i  good  tbfatg  for  Gonrmnent 
to  «not»axtge-«faikioflr<«t  -im  -monib  of  tiie  Thamoa  in 
*^he  knv  ffronnd, '  q.  292^'  Bituimnow  bkok  -mass 
aiBoQvered  in  a  lunnel  about  a  few  niks  horn  Dover. 
0  22,  Thntrone  of  tiw  pIwM-  when*  coal 

might  be  fairly  expected  at  some  dato  or  other,  q.  296. 
Tlut  place  is  on  the  line  drawn  between  fidgittm^«nd 
Somersetdrire,  .298.  JTsMftl'  hw  been  dnrai 
through  1^  mass  of  chalk,  q.  299.  -  -  - ;  -i 

Esphuuitioa^  Ut  naps. :  D.. 99-101.      "  • 

Golden  vein  at  ■Llanellt;--    ■■  . 
From  22 to  26  inches  thidk.  -  €17,  q.  493.' ' 

Granite  and  Slate  Rock«    C^mllund  Devon  if 
Mean  temperatures  of  nettrly  e^iud  dsptbs  in.  A  104. 

Great  Basin  between  i^e  North  Sfafft^ddure  and  Den- 
bighshire coalfields :  .  *  . 
Dq>th  of  the  New  Bed  Sandstone,  estimated  at  its  <!tntn 
at  about  4,200  ffeet  '  D  67,  q.  696.        '  ' 

Gbbatbst  rednctaon  of  temperature  ^ffiseted  TentSatim 
in  mines  1600  jards  deep,flwm  15  to  20  fifegirees.  A65u 
q.  1189.  . 

Great  North  Downs,  EHoggtm'a  70>4(^eh  cyHoddr  en- 
gine :  .>..-... 

Result  ot  69,000,000.    B  67,  q.  7pO. 

Greaves,  Charles  :  -       .  . 

Evidence  of.    B  88-89.  ■     •  • 

Use  of  a  higher  pressure  of  steam,  accompanied  b^  an 
improvement  in  the  cmstroction  and  setting.of  bodfets. 
q.  1262.  Is  not  of  opinion  'that  the  d^ne  t>f 
expansion  will  .be  increased  at  aB  beyond  what  is -now 
in  progress  in  the  bettn  -etm  and  better  cottstfuctiou 
of  machines,  q.  1253.  ■  100-indi  ^finder  at  Lea  bridge, 
q.  1258.  Cornish  engines,  q.  1261.  Not  advi- 
sable to  extend  diameter  of  boiler -bnmid,  bandy  up 
to  six  feet,  q.  )264.'  Cool  used  per  sorso^Wv  jMr 
hour,  q.  1265.  Average  duty  of  engine  70,000,^ 
oF  speed,  i].  1266.  Always  nndrntood  that  tb?  at^er 
has  a  small  quanti^  of  coke  or  Welsh  eOal  ready 
for  his  use,  q.  1267.  Steam  jackefr-eiigines  adopted, 
q.  1269.  Boilers  lasting  25  jears,  q.  1270.  No  esta- 
blished speed  in  a  Cornish  engine,  q.  1275.  Tie 
expression  "  horsepower  "  not  used ,  in  Cornwall, 
q.  1276.  States  that  there  will  be'  a  consider- 
able deal  of  economy  in  the  use  .of  fiul  as  the  a:^]e 
of  engineering  improves  ainong  enginesin  gencrealV 
That  there  are  many  things  which  tend  in  many  places 
to  an  extravuftmt  rate  of  combustion,  and  ah  extra- 
vagant use  of  machinmr,  q.  1281.  A  senposifkmnne 
in  the  value  of  coal  will  have  aoonuderabls  e^et  -tm 
the  aflktrs  of  the  conntiy  whiofa  ore  wqeiel  M.hy 
steam-power,  q.  1282.  Economy  in  tiie  use  at  oou 
may  arise  from  a  better  difftasion  f>f  tDtprkmamiaaaw^ 
ledge,  q.  1283. 

GlERN*,  Al^KXANDER  HeNRY  : 

Evidence  of.    D  92-93.   

Seeing  that  the  part  of  the  Yorkshire -and  Dail^ahiie 
ooaMeld  exposed  to  view  has  £he  ah!^  of  one-tutlf  cf 
a  basin,  he  is  led  to  infer  that  the  coalfield  is  a  bamn, 
of  which  the  eastern  ,  half  is  hif^den  by  overiying 'Un- 
conformable rocks,    t)  92,  q.  764. 

Dip  of  the  Millstone  Grit  very  steqi  indeed  on  the 
eastern  side  of  the  Lancashire, coameld,  q.  765-'^66. 
Irwell  fault  quite  &s  near  the  eastern,  side  as  tiie 
western  side  of  this  coalfield,  q.  768.  SmkSng'Uearest 
the  Magnesian  Limestone  is  ^t  Doiahy.  ^n^^  tiie  coal 
beds  dip  east.  Coniery  atDenabyiiu'D^ewetm  two 
very  lai^e  &ults,  which  have  had  tht  effect  tiitizdy 
chuiging  the  strike  of  the.roeasurea  over  tl^  'grbosa 
between  them.   D  93,  q.  770.  ^  - 

Distance  from  the  edge  of  the  magnerian  HmeitO&e  to 
western  outcrop  of  the  Silkstoae  ooal  about  12  mfles. 
The  Silkstone  coal  may  be  expected  to  crop  up  a^inst 
the  overlying  secondacy  rocks  about  Snaiu.  i>93, 
q.  771.  Description  of  boringS  made  by  Sir  Robert 
Clifton,  q.  773. 

Does  not  consider  it  proved  that  the  Derbyshire  and 
Yorkshire  coalfield  hes  in  a  true  basin-elnied'fAio, 
because  he  knows  that  others  have  arrived  at  is  ttif- 
fierent  conclusion  from  evidence  'tJoUeoted  fuxthbr  to 
the  uOTth,  q.  77&-776. 
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ItB.  Adrantweft. :  B71»  q.  10^  .H»  advwtafie  to  the 
•  -  boikr  in  lueping  it  ac  a  coof^tt  temjwcftuxa.  Its 
'  ■  admiM*  in  MBprbing  th^ogwav  whicbi  cumot  be 
kbsorbed  in  the  boUer.   B  61»  q.  im  .  . 

GsuN^s  Fatbnt  Fubl  .EcbMOHUBB  for  generating 

Not  tb«  leftenerate  prinoiplsv  merely  an  extended  heated 
■nx&oe.   fi  23,  t^.  306.   Sving  ot  &om  ^  to  26  per 
cent,  of  Aiel  br  it  hj  many  of  the  MangbeBter  manu- 
>:-iaetDi«rt.   B  24,^.  SO?. .  The  appuBtu^aa  extension 
■  of  boiler  eurfue,  q.31fir  Mar  be  used  in.oonnection 
.itith  one  boiler  ofjv^  BeTeru».a.  317.  f  ttt^  mneh 
.diftmne  in  pdnctple  .to»  tiwt  adopted  .on  board  ihe 
■    '  Gnat  Eutem.  31S. 
....     •    .     ■  '         ■  I  . 

GnuDnraiA,  ^OBOX  Clbmbmhton: 

Evidenoeof.   C  23-31. 
'    Hu  hod  orpwAence  m-  a  ndning  engineer  and  wdKerj 
nuuMg«  in  'Kofrtmrnbeiland,  Ihuhami,  OkniceBter- 
sbbre.  Someraetdure,  Waleit  Norlk:  Slaftird- 

,sUre,  Cheshire,  and  l.*n«nhire.   C  23,  q.  661.  Is 
numageroft^FoyntonaHA  Worth 'Collieries;  Cheshire, 
'       cf.'^:   SeaiHs^  cmI  \rorked  there,  q.  665.  Seams 
passed  'thy6tigh  and  left  nnnvrked,  q.  666.  Agf^re- 
'*' galie" 'thickness  of  coal  now  being  urorked,  q.  66?. 
More  than  half  the  cosl4eft  unworked,  q.  66B.  lo- 
clination  of  strata,  q.  669.   Lowest  depth  of  working, 
q.  670.   Seams  do  not  deterion^e  as  they  go  against 
the  Oed,  Rock  fianlt,  q,  671-673. 
l^ork  carried  on  on  what  is  called  the  Lancaiiure  system 
of  working,  ^.  6^4.   Thinks  that  oommerciaUr  there 
'.may  be  an  obuedion  tq  this  n^stem,  but  that  there  are 
'  points  in  its  favour,  q.  676^1.   Flan  of  method 
.".adopted  in  working.    C  23-^24,  q.  683.    Hnds  it 
janswer.best  to  keep  the  upper  levds  a  little  leading, 
^.  686...  Six,  yards. of  width  for  each  working,  q.  688. 
i^re  pfiTOW  1) J  their  system  than  by  the  |uUar  and 
.stall  i^sttti^  q.  691.   CaieAU  not  to  drive  inter- 
mediate levds  till  they  are  wanted,  g.  692.  Instance 
of  work  doing*  q>>  693.  Thinks  tbat  the  nstem  of 
working  enables  them  to  deal  with  the  fire-damp  on 
.  Aft  moBt,a4r^ta^eous  plan,  q.  695.   Seams  to  which 
the  phui  of  workmg  applies,  q.  696.   Angle  of  incli- 
aa^on  of  .the  aevqs.   C  2fi,  q.  697.   Can  scarcely  say 
that  it  is  h>Dg-w[t]t  system,  but  that  it  is  so  to  a 
pertain  extent,  q.  698.   Gee^s  seam  to  be  worked  on 
^e  looig-iirall  ^stcsn,  q.  699.   Would  give  the  prefer- 
ence to  ibiit  long-wall  system  for.  getting  the  greatest 
proportion  of  coal;  but  the  system  adopted  must 
.  -<wrreuQn,d  with  the  condition  of  seams  of  coal  worked, 
q.  70oi.   Seam  going  to  ba  worked  on  the  long-wall 
system  ■,  its  .  Amt,  .  roof,  jand  angle  of  inehnation, 
.  q.  701-7M,. 

Bgwtem  of  working  in  SomersetBhiie  entirely  long-wall, 
q.  710.  Seams  being  worked  there,  q.  71 1>  No  over- 
Wing  seams,  q.  712.  Thinnest  seam  worked  I  foot 
2  inches,  q.  714.  Dfepth  reached  in  the  working  of 
thin  seams,  q.  715-  I«rge  proportion  of  coal  got  out 
in  consequence  of  a  soft  sort  of  anderday,  which  the 
men  hole,  q.  717.  '  All  the  ooal  got  ofl  tiie  long-wall 
system,  q.  719.  Does  not  think  fliat  coal  -could  be 
woriied  otherwise  than  oA  tiie  Inig-waU  system  in 
■Sonmetshire,  unless  tiiere  were  2Qs.  a  ton  to  be  got 
fiv  ooal,  q.  721.  Enabled  to  work  thin  seams  in 
oonsequnce  at  the.  high  pnce  of  coal  in  the  locali^> 
g.  729.    Greatest  depth  at  which  coal  is  worked, 

'  q.  730.  Does  not  know  that  it  makes  any  difference 
witii  nffad  to  large  coal  whether  at  a  greater  or  less 
depth.     C  26,  a.  733.  .Thickness  of  material  taken 

.■  out  in  working  thin  seams,  q.  734.  No  difficulty  with 
the  veoatilation,  as  there  h  no  fire-damp,  q.  737-  Cost 
of  working  out  the  coal  in  Somersetshire  may  be  taken 
at  something  Uke  S».  a  ton,  q.  739. 

1261  tons  of  coal  got  in  Cheshire  per  foot  per  acre, 
.  q,  742.  ficked  coal  and  bu^,  q,  744.  No  coal  left 
for  pillars  or  airways,  q.  746.  Pillars  only  temporarily 
lefL  q..747'  ^o  coal  left  on  account  of  bad  roofs  or 
bad  floors,  q.  749.  No  seams  left,  because  they  are 
not  of  the  kind  that  is  m  demand  in  the  market, 
q.  ^o  barrio?  left  hitherto  aguost  water,  q.  755. 
Proportion  •  of  ooal  used  for  colliery  consumption, 
•q,  756,  hovd  Venum  proprietor  as  well  as  worker 
of'  the  coal,  q.  758.   Customa^  in  Uie  dietnet  fior  the 

.  workers  <rf  ooal  Ijyixfg  in  tba  dip  to  protect  themselTes 
againrt  eoal  bing  on  the  rise,  q.  760.  PerHsentage 

.  of  qwl  not  am.  C  27,  q.  764.  Workmep  have  to 
m  a  price  tot  oo«U  q.  766.  Waste  of  ooal  about 
.Upetfent/ net  1(0^4.269,  J  xn«d$^  q.  774. 
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Grhnwbll,  GnoaGX  Clbmbnston— coa^. 
PM>duoe  pf  coal  in  Somersetshire  108',703  tons,  from 
78-48  acres  one  foot  thick,  q.  778.  Thinks  that  the 
coal  in  Somersetshire  is  of  frreater  specific  gravity  than 
the  .  coal  in  Qieshire,  q.  779.  Proportions  of  large 
and.small  coal  sold  iu  Somersetshire,  q.  781.  All  the 
coal  got  except  about  ID  per  cent.,  q.  783.  Barriras 
left,  q.  785.  Lady  Waldegrave's  royalty  a  large  one, 
q.  78/.  Not  ^\  of  the  barrier  running  round  that 
property  rooove^ftble,  q.  789. 
No  coal  lost  in  Cheshire  by  any  system  of  working  had 
hitherto,  q.  721.  Can  return  to  the  seams  passed 
through,  q.  792.  The  pocket  of  the  proprietor  to 
decide  as  to  what  will  be  a  workable  seam,  q.  794. 
In  a  workable  seam  the  coal  must  be  merchantable 
at  a  profit  to  the  tenant,  q.  796.  Cases  illustrative 
of  ocnl  not  being  in  the  least  injured  by  subsidence. 
'  C.  28,  q.  800.  Seams  not  worked  in  tiie  descending 
order  in  Somersetshire,  q.  805.  No  coal  left  to  sup- 
port buildings,  because  there  are  not  very  important 
houses  on  the  property,  q.  806.    Keeping  mending 

.  the  houses  untU  we  coal  is  worked  away,  ^.  807- 
Only  certain  cases  where  buildings  can  m  teed  to- 
gether, q.  813.  Subsidence  vanes  very  much  in 
different  places,  q.  817.  'Never  metwitn  more  than 
one  case  of  subsidence  in  Somersetshire,  818. 
Method  of  supporting  buildings  in  case  Of  subsidence, 
q.  824^26.  With  regard  to  coal  left  to  support  a 
buildinKi  a  good  deal  would  depend  iipon  the  thick- 
ness of  the  seam  that  was  worked,  and  on  the  nature 
of  the  Btrata.undeiwrDund.  0  29,  q.  826.  Quantities 
of  coal  that  it  would  be  neoessary  to  leave  to  support 
boildii^s,  q.  827-838.  The  form  which  the  ground 
Ukes  in  subsiding,  q.  842.  Subsiding  ground  ulti- 
mately .takes  the  fnin  of  a  basin,  q.  B43,  Relation 
tbe  disturbbnoe  by  subsidence  to  the  dip  of  the 
aeam,  q.  844.  Imvease  of  the  proportion  of  ooal  to 
be  left  for  aur&ce  supput  with  depth,  q.  846-850. 
Special  instanc*  of  the  ftactore  having  gone  200  yards 
at  a  depth  of  lesa  than  400  yards,  q.  851>«54.  Must 
leave  a  lai^er  prmortion  of  coal  to  the  rise  side  of  a 
buildiug  than  to  the  dip  side.  C  30,  q.  860.  Would 
imagine  that  any  damage  to  the  buildiug  would  arise 
from  want  of  suflBcient  support  being  left  to  the 
rise  side  than  to  the  dip  aiuei,  q.  861.  Quantity  of 
coal  required  to  be  left  would  be  in  proportion  to  tbe 
squares  of  the  inorement  of  the  depth;  C  30,  q.  8G2- 
863.  Increase  of  the  base  left  with  depth  would 
depend  much  upon  the  nature  of  the  strata,  and  the 
thiokness  of  the  seams  worked,  q.  864.  There  is 
nothiis  to  restrict  a  landlord  from  putting  buildings 
i^MTB  ne  pleaaea,  q.  869.  Opinions  wil^  respect  to 
boro-holes.   C  30^,  q.  873^. 

Gymnastic  Exsrcisbs  : 
Can  be  carried  on  with  great  intensilr  even  in  high  tem- 
peratures up  to  a  cer^n  point.   A.  90,  q.  1826-1828. 
Would  tend  to  lieat  the  body  above  its  natural  tempo* 
fatore,  q.  1829. 


H. 

HAFon,  near  Ruabon,  North  Wales : 
Thermometrical  observations  iaken  at  the  Ruabon  Coal 
Compan/a  new  deep  pits  from  May  20tii,  1868.  A  24. 

Halifax  : 

The  "soft"  or  "coking  coal"  of  good  qualitv  at. 
C91,q.  ■  ,  .  . 

Hanmbb  Collibry,  Flimtsmirb: 
Worked  under  the  estuary  of  the  Dee.  C  65,  q.  1S95. 
Letty  pit  sunk  "to  a  depth  of  135  yards.  Stone 
■drift  dnren  across  the  meesnres  in  the  mie  of  the  full 
dip  for  a  distance  of  800  yards,  q.  1897-  Thickness  of 
seams,  q.  1898.  Long-wall  system  would  not  do. 
ponld  not  get  stuff  to  pack  the  roads  without  bring- 
ing it  a  considerable  distance  from  the  gob,  q.  1900. 
Stone  drift  rises  at  the  rate  of  1  in  !00,  q.  1902. 
Stone  coal :  Fault  in  the  levels  on  the  south  side  about 
500  yards  from  the  stone  drift,  q.  1905.  Depth  from 
dlB  surface  whcn-tbe  bluest  workings  hare  extended, 
fl.  1907.  ,|Durbdg  seam  wrought  upon  what  is  called 
tbe  namnr  wicket  qrstem*  q.  1908.  Long-wall  aban- 
doned in  cmsequence  of  the  very  great  emission  of 
Bulphureted  hydrogen  gas.  C  66,  q.  1911.  Mos^ 
two-^raard  seapi  worked  on  Ha  northern  side  of  the 
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Hah MBH  CoLLissY*  Flintshire— eonf. 

40-Taid  ftiiilt,  q.  1918.  No  caae  of  water  getting  m, 
g.  1922.  Top  Beam  worked  at  both  Mostyn  and 
Huimer.  C  67,  Q.  1929.  Embankment,  q.  1930, 
Tide  runs  out  1,500  yard^,  q.  1931.  Tides  waah  the 
embankment,  q.  1933.  Two  or  three  Beams  under- 
neath the  same  Hurface,  q.  1934.  Lowest  seams  worked 
first,  q.  1938.  Great  deal  of  water  found  in  cutting 
the  eeama,  q.  1940.  No  barrier  between  the  Mo^yn 
and  the  Haomer  Colliery,  q.  1942.  Tons  of  coal  niaed 
per  foot  per  acte,   C  6S,  q.  1959. 

Habdinohvn  Coalfield  : 
Great  part  of  the  coal  exhausted.   D  18,  q.  242. 

Hardxbss  and  Specific  Gravity  of  Strata  : 
Do  not  increase  with  depth.   A  66,  q.  1216-1217. 

Harknbss,  Robert  : 

Replies  of,  to  circular.  D  1,  D  10:3-104,  25  e.  Great 
amount  of  denudation  of  the  carboniferous  formation 
on  the  northera  side  of  Morecambe  Bay.  Probable 
that  beneath  the  Fumess  Abbey  Pemuan  area  no 
workable  seams  of  coal  occur.  Permian  Sandstones 
which  margin  the  west  coast  of  Cumberland.  Blocks 
of  carboniferous  Umestone  near  Bray  Stones  station. 
Permian  rocks  sunk  through  on  the  north-east  side  of 
St.  Bees'  Head. 

-  Twenty-five  feet  Permian  rocks  oc«upjing  the  vale  of  the 
Eden.  Faults  intersecting  Permian  strata.  Little 
prospect  of  the  occurrence  of  workable  Beaou  of  coal 
in  the  neighbourhood  of  Appleby.  Seams  of  coal 
between  Shap  and  Morland.  Boring  to  the  south  of 
Honey  Pot.  Purplish  Grit  to  the  north-west  of  the 
Eamont.  Thin  ooal  of  WameU  Fell.  Carboniferous 
stittta  in  the  course  o(  the  Shalk  Beck,  Fault  seen 
near  Througholme  Bridge.  D  104.  Occurrence  of 
limestone  fragments  in  the  Permian  Breccia  at  Shalk 
Beck.  Permian  area  occupying  the  north-west  of 
Cumberland.  Permian  Sandstones  at  Romaobum. 
Connobie  coalfield.  Workable  coal  below  the  Permian 
rocks  oS  the  north-west  of  England.  Detached  areas 
of  Permian  rocks  in  Dnmfries-shire. 

Hartok  Colliery  : 
Temperature  tried  by  Professor  Airey.   A  7,  q.39. 

Hartehill  Rock  :  , 
Represents  the  millstone  grit.   D  58,  p.  533. 

Hastings  Sands  : 
Cannot  be  separated  ftom  the  Weald  day.  D34.  q.401. 
Probable  that  the  beds  of  HastingB  sands  and  Weald 
clay  are  contiDUous  underneath  tne  cietaceoua  strata 
to  Kent  and  Hampshire.   D  34,  q.  406. 

Haswbll  Colliery  : 

Distance  of  working  undeiground  Irom  the  shaft;  from 

three  to  four  miles.   A  39,  q.  623. 
Obserrations  on  temperature  oy  J.  J.  Atkinson.   A  55, 

q.  1001.    Distance  under  the  sea  at  which  work  is 

carried  on.   C  54,  q.  1529. 

Hawnr  Colliery  : 
Separating  the  bats  from  the  coal,  327. 

Haydock  Colliery  : 
Fault  at.  D.  106. 

Heat  AccOHCLATDBt 
Well  suited  to  asnst  in  the  task  of  leBlisinff  some  cf  the 
advantages  indicated  by  the  dynamioal  weoiT  of  heat. 
B  2,  q.  1. 

Heat  fAdh  Men  and  Horses  : 
Will  operate  to  ruse  the  temperature  of  the  air  in  a 
mine.  A  78,  q.  1562. 

Heat  lost  in  convertiu;  carbon  into  carbonic  oxide  by 
Siemens'  process.   B  4,  q.  10. 

Heatino  Apparatus  in  an  entrant  halL   B  21,  q.  244. 

Heaton  Process  of  hakino  Steel  : 
Nitrate  of  soda  introduced  in  the  process  of  combustion. 
Steel  produced  venr  good,   B  48,  q.  662.  Economy 
in  the  process,  q.  6m-o65.   Dr.  Miller's  o[Hnion  a!  it 
quoted,  q.  666. 

Heckbls,  R.  ; 
Replies  of,  to  circular.  A  1,  A  129-131.  Temperatures 
taken  at  Wearmouth  Colliery.  A  q.  7<  Manner 
of  ascertaining  the  temperature  of  the  strata,  q.  9. 
Maximum  ascertained  temperature  of  the  strata  at 
Weamiouth,  q.  lU.  SOP  can  be  worked  in  with  a 
conadenble  degree  of  vigour,  q.  16.  Thinks  mining 


labour  would  be  impossible  at  lOO*'.  Bxcms  at  tenh 
perature  in  ndiiofa  men  can  work  ought  not  of  itself  in 
any  case  to  cause  more  than  an  increase  (tf  25  per 
orat.  in  the  rate  of  wages,  q.  18.  Deepest  shafts  in 
the  Duriiam  district  those  of  tne  Wearmouth  Colliery, 
q.  20.  No  fixed  rules  as  to  the  weight  of  tubbing, 
q.  21.  Costs  of  sinking,  q.  27.  Would  not  reeom- 
mend  pumping  from  the  surface,  q.  29.  Most  econ<^ 
mical  method  of  bringing  coal  to  the  surfiue,  q.  33. 
290  fothoms  one  of  the  greatest  dqiths  at  Weannonib 
Colliery,  q.  51. 

Has  never  found  good  ventilation  with  only  one  shaft. 
A  q.  60.  Two  shafts  sufficient  to  work  from 
1,600  to  about  2,400  acres,  q.  61.  Does  not  believe 
that  the  superincumbent  pressure  can  favour  the 
evolutifui  of  gas,  q.  69.  Incnased  ventilation  pro- 
duced by  enurgea  shafts  and  air  passages,  q.  72. 
Quanti^  of  air  and  eEpenie  nqnired  for  ventilatuig 
coUitfies,  q.  73. 

Knows  of  no  really  bard  seam  of  a  woricable  tbiffknfss 
more  than  150  Athoms  below  the  Bur&oe,  q.  76. 

His  replies  to  circular  A  121. 

Henwood,  William  John  : 
RepUes  of,  to  circular.  A  1,  A  128-129.  Mean  tempe 
ratures  of  nearly  equal  depths  in  the  granite  and  sl^ 
rocks  of  Cornwall  mA  Devon.  Mean  temperatures 
of  the  diffnent  mining  districts  of  Cornwall  and 
Devon. 

Hbtton  Colliery  : 
One  of  the  largest  and  most  important  collieries  in  the 
kingdom.  A41,  q.  676.  Tempemturea  taken  at  esdi 
place  of  observation  in  three  ways,  q.  681.  I'enipeTa* 
ture  taken  at  312  yards  distance  from  the  bottom  of 
the  shaft.  A  42,  q.  686.  Temperatures  taken  at 
ituyiog  distances  fW)m  the  foot  of  the  shaft,  q.  669. 
Differences  between  the  calculated  and  the  actual  tem- 
perature, q.  700.  Difference  between  the  temperature 
in  the  current  of  air  and  out  of  it,  q.  707-7<^.  Greatest 
distance  from  the  shaft  at  which  the  temperature  was 
taken  4,3^  yards.  Variation  of  rate  of  increase  of 
depth  for  a  degree  of  temperature,  in  one  case  100  feet, 
in  another  77  feet,  q.  714.  Communication  of  heat  to 
the  air  much  less  where  a  new  surfsce  has  not  been 
exposed,  q.  715. 
Table  of  temperatures  taken  in  the  Jane  pit,  Februsrr 
22nd,  1869.  A  43.  Little  diflerence  in  the  smftn 
level  of  the  ground  under  which  tiie  obserraticms  were 
taken.  A  44,  q.  775-  Coal  worited  on  tiiepiUar and 
stall  system  in  the  Jane  pit.  A45,  q,  810.  ^ttidnv. 
A  46,  g.  826.  ^  i  e 

No  peculiar  means  of  ascertaining  the  water  gauge  for 
the  shaft.  A  57,  q-  1059.  Nature  of  the  roof  at 
Hetton  would  not  admit  of  continuing  to  work  by 
the  long-wall  system.  A  70,  g.  1318.  Depth  worked 
at,  on  the  long-widl  system,  1,400  fbet  below  the  sur- 
face, q.  1324. 

Hick,  Haborbavbs,  and  Company  : 
Sti^ement  of  theirs,  to  John  Hick,,  Esq.,  that  tibe  econo- 
mical advantages  derivable  f^tmi  the  Corliss  engine 
are  very  great.   B.  43,  q.  559, 

Hick,  John,  C.E.,  M.P.: 
Evidence  of.    B  43-48. 

Saving  of  fuel  by  the  Corliss  engine  requires  dividing. 
Great  deal  saved  by  boilers.  Comparison  between 
one  engine  and  another  should  be  instituted  with  the 
same  description  of  boilers.  Raving  of  the  Corliss 
engine  over  any  other  cylinder  engine  something  like 
10  or  12  per  cent.  Valves  in  the  Corliss  engine. 
Steam  valve  made  as  small  as  possible.  B  43,  q.  659. 
Valves  semi-revolving  placed  at  right  angles  with  the 
cylinders  not  sliding,  q.  560.  Corliss  engines  steam- 
jacketed,  q^  561.  Act  expansively  by  a  very  beautifiil 
arrangement,  the  cut-off  being  regulated  directly  1^ 
the  govemer  without  the  intervention  of  any  throttie 
valve,  q.  562.  These  engines  made  extensively  fay  the 
firm  at  Bolton,  q.  564.  Corliss  engine  does  not  em- 
body a  boiler,  q.  565.  Experience  with  regard  to  the 
saving  effected  by  the  use  of  steel  boilers,  q.  566. 
A  steel  bailer  will  remain  clean  a  much  loQga  time 
than  an  iron  one.  q.  567.  A  steel  bofler  presents  a 
smoother  surface  than  an  iron  one,  q.  569.  Calculates 
on  obtaining  the  same  strength  with  a  plate  of  one- 
third  less  thickness  of  steel  than  of  iron,  q.  571. 

Cross  tubes  interfering  with  the  draught  of  the  cfainmey. 
Economical  combustion  reduced  by  them.  B  44, 
q.  572.  Advantage  of  steel  over  iron  with  plates  of 
the  same  thickness,  q.  573.  Saving  of  fuel  by  steel 
boilers  about  20  per  eoit.,  q.  680.  Elevtn  net  of 
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heating  nizftoe  in  a  steel  braler  u  effieothre  u  foiutaen 
feet  in  an  iron  bcriler,  q.  582.  Belierei  that  a  thin 
boiler  of  iteel  would  lact  double  the  time  itf  a  thicker 
iron  boiler.  B  45,  5B3.  No  difficulty  in  (getting 
the  steel  plates  of  uniform  thickness,  q.  584.  Weakest 
and  worst  plate  the  ultimatum  of  the  strength  of  the 
whole,  q.  58G.  Rolling  renders  steel  more  homo- 
geneoas,  q.  587.  Steel  made  more  fibrous  hj  rolling 
and  more  suitable  t<a  the  pnipoees  to  which  it  is  to  m 
applied,  q.  588. 
Consumption  of  fuel  with  a  Corliss  engine  and  a  steel 
boiler  per  horse-power  per  hour,  q.  58^.  CooBumption 
of  fuel  with  a  Corliss  noD-condensig  engine  per  indi- 
cated horse-power  pi^  hour  3^  Iba.,  against  7  lbs,  in 
the  old  non-condenung  engine,  q.  591-592.  Some 
of  the  agiicultural  enpnes  at  the  agriaUtural  shows 
ooasoming  as  small  a  quanti^  as  3|  lbs.  Pressure 
used,  q.  5v4.  Using  steam  at  a  high  jmssure  a  gain 
in  ihe  eeononnr  erf  fuel,  q.  595.  mssure  used  in 
locomotives,  100  lbs.  Tbinks  that  an  equally  high 
pressure  might  be  used  for  ordinary  manufacturing 
purposes,  q.  597-  Dimensions  of  boiler  that  might  be 
used  so  as  to  have  a  pressure  of  75  lbs.  on  the  inch, 
q.  596.  Condensing  eogine  with  a  pressure  of  76  lbs. 
not  to  be  compared  with  a  condensing  engine  with  a 
pressure  of  30  lbs.,  q.  600.  Value  of  the  condensing 
principle  dependent  upon  the  difference  between  the 
resistajice  of  the  atmosphere  and  the  pressure  at  which 
steam  is  used,  q.  601.  Best  practical  boiler  known, 
q.  604.  Intemallj  fired  boiler  preferred,  q.  606. 
Ssme  coal  used  in  the  comparison  of  the  Cornish 
boiler  with  others.   B  46,  q.  608. 

Is  not  prepared  to  say  that  steadier  action  is  got  with 
a  steam  engine  than  with  water-power  for  the  use  of 
cotton  ftotories.  AcCitMi  of  a  stesm  imduced  by  a 
series  f>f  imjndatf.  Hiis  would  produce  a  very 
rwular  motion,  if  not  corrected  by  the  fly-wheel. 
Water-wheel  not  subject  to  this  irregularity,  q.  615. 
Fty-wheels  used  in  foiges  and  iron  rolling  mills  in 
eoineotion  with  water-wheels,  q.  617.  Probability  of 
economy  in  fliel  bung  still  farther  increased  to  a 
very  great  extent  in  the  prodnction  of  steam,  q.  618. 
First  tiling  to  be  done  in  testing  an  engine  is  to 
test  the  |>oweT  of  the  boiler,  q.  619.  Would  make 
an  essential  difference  whether  water  should  be  con- 
verted into  steam  with  a  pressure  of  100  lbs.  or  only 
mth  the  atmospheric  pressure,  q.  622.  Increased 
econtmiy  in  the  consumption  of  hiel  to  be  expected 
from  carefully  covering  the  boilers,  q.  623.  General 
consumption  of  fuel  by  the  ordinary  run  of  steam 
boilers,  q.  624. 

Smaller  quantity  of  fuel  used  in  condensing  than  in 
non-Mndensing  engines,  q.  626.  Believes  that  a  non- 
condenung  engine  burning  from  8  to  9  lbs.  might  be . 
reduced  to  5i  or  6  lbs.,  and  that  a  condensing  eiwiiie 
-  using  from  4  to  5  lbs.  can  be  broaght  down  to  2  or 
Silbs.   B47.q.  629. 

Comparative  advantages  of  condensing  and  non-con- 
densing engines,  q.  6^-642.  Fairest  way  of  esti- 
mating the  advantages  of  condensing  and  non-con- 
densing engines,  q.  643.  Dynamometer  used,  q.  646. 
Locomotive  engine  compared  with  condensing  engine 
with  regard  to  economy  of  fuel,  q.  649-650. 

Corliss  engines  sometimes  run  up  to  600  feet  per  minute 
of  piston.  B  48,  q.  652.  Pressure  of  steam  requires 
to  be  diminithed  if  the  speed  be  inoeased,  q.  666. 

HiGoa,  Samubl,  and  Son,  Penzance: 
I'heir  reply  to  inquiry  regarding  coal.    B.  52. 

^lOH  DuFFJtYN  Colliery  : 
Tabular  view  <rf  experiments  on  temperature.  A  26. 


A  29. 

Highest  Teuperatubb  : 
lu  which  men  have  worked  in  mines.   A  67,  q.  1257, 
q.  1270-1271. 

In  which  they  have  worked  in  stokeholes.  A  83,  q.  1 664. 
In  the  hottest  nxnn  of  a  Turkish  bath.   A  96,  q.  1946. 
100°  the  highest  dry  temperature  in  which  a  man  can 
exert  continuous  labour.   A  9^  q.  1957> 

HiGH-PBESSURK  ENGINES  : 

High-pressure  non-condenauig  engine.   B  45,  q.  600. 
Advantageous  where  water  is  scarce.   B  47,  q.  636. 
Working  at  about  60  lbs.  pressure.  B  73,  q.  1039. 

HlOBBR  PRESSVRB  OP  StEAH  : 

Kconomy  of  fuel  from.   B  83,  q.  1262. 

Hocking,  John,  Rbdboth  t 
Abstract  of  letter  fr<mi.   B  52, 
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HoLU  drilled  fbr  BK»rtuniiig  tiu  tampenitiire  at  di&i«At 
dqithiiii-Rosdridge  CoUuory: 
No.  f.   A  64,  q.  1152-1162. 
No.  3.   A  64,  q.  1163-1166. 

Hot  lode  in  the  Clifford  Amalgamated  Miim,  Cornwall  1 
Transvene  section  on  it.   A  5. 

HoDX: 
Cpal  bann  of.   D  15,  q.  213. 

Howell,  Henry: 
Evidence  of.   D  91. 

Finds  that  in  examining  the  north  end  of  the  Northum- 
berland and  Durham  coalfield  that  the  coal  measures 
on  the  coast  rise  to  the  sea.  D  91,  q.  742.  Centre  of 
the  basin  on  a  line  between  North  Seaton  CoUieiy  and 
Jarrow,  q.  743.  Bottom  of  the  basin,  south  of  Monk- 
wearmouth,  under  the  sea.  D  91,  q.  744.  Actual 
twmination  of  the  coalfield  not  proved,  q.  747.  Thinks 
that  the  whole  coalfield  is  simply  a  iMsin,  the  eaetem 
margin  of  which  is  out  at  sea,  q.  750.  As  fsr  as  the 
workings  have  extended  at  Harton  CoiliOTy  towards  the 
■ea,  the  rise  is  very  gentle,  q.  757-  The  cosh  crop 
along  the  coast  under  'lynemouth  Castle,  q.  761.  Coal 
measures  crop  up  underneath  the  magnesian  limestone 
agsinst  its  base  with  a  north-eastern  dip,  q.  762. 

Hucknall  Torkhard  Colliery: 

Depth  of  nearly  1,250  feet.  A  17,  q.  222.  Temperature 
of  the  coal  at  the  bottom  of  the  shaft  70°,  q.  223. 

Tempnature  of  the  aur  at  a  depth  of  100  yards  was  54° 
when  the  temperature  of  the  air  at  the  simace  was  55°. 
Temperature  of  the  air  at  a  depth  of  1,250  feet  65°. 
A  1/-18,  q,  239.  Temperature  of  the  air,  after  making 
a  journey  of  800  yards  before  it  reached  the  men,  was 
68i°.  A  18,  q.  242.  Temperature  of  the  strata  70^. 
After  pasnng  the  men,  the  temperature  of  the  air  was 
71^  About  13,000  euUo  feet  of  air  per  minute 
pasnng  tbrongb  some  stalls  in  the  same  jnt,  q.  248. 
Tempraatnre  ia  a  newly  cot  part  of  the  mine  70^* 
while  the  temperature  of  the  return  air  was  as  low  as 
66°.   A  19,  q.  284. 

HtiLL,  Edward,  F.R.S. : 

Evidence  of.   A  12-16.   D  25^. 

Complete  set  of  experiments  made,  at  his  suggestion,  at 
Ince,  near  Wigan,  by  Mr.  Bryham.  A  12,  q.  167. 
Fit  in  which  tney  were  made  600  yards  deep.  Has 
drawn  up  some  tables,  □.  159.  Sinking  of  Inoe 
CoUiery  completed  ia  I806.  Figures  in  die  tables 
refer  to  1861. 

Increase  of  heat  due  to  the  denri^  of  the  air,  1°  for 
every  300  fset.  A  13,  q.  164.  Reply  fton  Mr.  Bry- 
ham respeoting  experimeiits  on  tempemture  at  R(Me- 
bridge  Colliery.  A  14,  q.  170.  Diserepandes  in  the 
rate  of  increase  of  temperature  with  depths  owing  to 
the  Cerent  powers  m  conducting  beat  of  diffinent 
strata,  and  the  percolation  of  water,  q.  173.  The 
greater  the  depth  at  which  obsmtttions  can  be  taken 
the  less  liable  will  thcr  be  to  error  on  account  of  the 
flow  of  water,  q.  177.  Would  prefer  observations  from 
mines  white  the  diaft  is  being  sunk  than  from  bore* 
boles,  q.  178. 

Thinks  that  taking  all  the  observations  which  have  been 
made,  that  the  rate  of  increase  of  temperature,  with 
depth  1°  for  every  60  feet,  is  rather  too  rapid,  and  that 
probably  1°  for  every  65  or  70  feet  would  be  a  nearer 
approach  to  the  truth,  and  that  whether  the  rate  of 
increase  will  be  unif^n^,  or  will  dimish  with  the 
increase  of  depth,  is  a  point  upon  which  there  is  not 
sufficient  endenoe  to  fbrm  an  ojunion,  q.  181-182. 
LibemtioB  of  fire-damp  might  affect  Ihe  results  of  experi- 
ments, q.  183.  Does  not  think  tiiat  water  of  eryatsl-' 
bxaticm  would  allbct  the  tempemture,  q.  185. 
SufScient  evidence  to  giva  an  ^iproximately  near  motion 
of  the  increase  of  temperature  down  to  2,000  feet. 
Best  plan  of  csnying  on  experiments  in  order  to  aseer^ 
tain  it  at  further  depths.  A  15,  q.  186.  Temperature 
of  gas  does  not  indicate  tempemture  of  strata,  q.  187. 
Thinkv  that  water,  percolating  slowly  from  strata, 
would  be  a  very  good  guide  to  we  temperature,  q.  168. 
Air,  after  having  circulated  a  sufficient  distance  through 
tiie  mine,  will  gradually  assume  the  temperature  of  tao 
walls  of  the  mine.  A  15,  q.  189.  The  greater  the 
velocity  of  the  current  the  more  rapid  is  the  reduction 
of  temperature,  q.  192.  Reference  to  experimento 
taken  from  Mr.  Warrington  Smytii's  addresses  to  the 
Geological  Society,  a.  193.  Rfty  fset  may  be  tidwn 
as  the  imallest  d^itn  from  the  sur&Ce  at  which  the 
teu^Krstiue  of  the  strata  Is  unafliBeted  by  ehangea  td 
atmonsberio  premire,  in  the  oeotral  parte  of  England, 
q.  198.    Dflfi«i«iit  in  obfomtionf  on  the  Wititm 
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.Hull;  Eowasd,  F.R.S.— «o)tf. 

between  the  teraparature  of  stnUa.and  tiiai  of  the  air 
in  deep  mines.  A  16«  q.  204.  Tempetbiaje  ,tfae  air 
increaiee  with  lateral  matanoe  from  ^  aha^  q.  205. 
Reference  to  experiments  on  the  temperature  of  the  air 
at  diffecent  diataneea  from  the  ebaft  in  Rosebri^Ke 
CoUierjr,  q.  206.  Dietuice  required  to  raise  the  tem- 
perature of  tiie  air  1°,  q.  207.  The  greater  the 
differeace  between  the  temperature  of  the  air  and  the 
temperature  of  the  coal,  the  more  >^id  the  rise  of 
temperature,  q.  208. 

Permanent  cooling  of  the  rock  after  long  exposure,  a 
very  slow  process,  q.  214.  Instance  in  which  the 
temperature  of  the  mine  has  been  diminished  as  the 
eollienr  has  been  longer  in  exiateuce,  q.  215.  Ixnrar- 
ing  effect  of  the  cool  down  current  on  UB  temperature 
of  the  strata,  q.  216-217. 

Complete  acriea  of  rocks  in  the  neighbourhood  of  the 
Flintshire  and  Derbyshire  lower  carboniferous  rocks 
absent  m  the  district  of  Shrewaborj  and  Oldbnry. 
Carboniferoiis  rocks  entirely  lost  along  the  valln'  of 
the  Severn  down  by  Brid^niorth.  Clee  Hill  coalfield 
a  dtquession  in  the  original  basin  of  the  ooal  area. 
D  2o,  q.  325.  Cambrian  rockSf  of  the  Chamwood 
/  .Forest,  brought  up  against  the  side  of  a  &ult.  War- 
widuhire  coalfield  intervening  between  the  Silirrian 
harrier,  west  of  Birmingham,  and  the  Cambrian  r^on 
of  Chamwood  Forest.  Opinions  with  regard  to  a 
barrier  of  rocks  from  Shropshire  on  the  west,  akmg  the 
BOnth  of  the  forest  of  Wyre,  the  Staffordshire  coalfield, 
luid,  by  inference,  the  WKrwtckshirf  and  LeioMtershire 
coalfields,  q.  326.  Possibili^  of  a  new  carboniferous 
basin  coming  in  with  its  lowut  beds  in  tiie  neighbonr- 
of  Harwich.   D  27,  q.  326. 

Ilunka  it  probable,  and,  in  fact,  almost  certain  that  the 
coal  measures  do  not  extend  under  the  eastern  counties 
<tf  England.   D  27,  q- 327. 

Diftrict  in  the  nffighbourhood  of  Preston  and  Burnley 
.  affording  evideno^  which  thnwa  Ikht  upon  upheaval 
'«nd  denudation,  as  regards  the  um  tract  of  land 
Ijnng  between  the  caitwniCmms  rocks  and  1^  sea 
coast  of  West  Lancashire;  Another  great  area  of  dia- 
turbance  and  denudation,  referable  to  the  close  of  the 
carboniferous  period,  to  the  north  of  tlie  valley  of  the 
Trent,  in  the  neighbourhood  of  Derby  and  Aahbome. 
Dismnilaritv  of  the  Permian  rocks  of  central  England 
and  Shropshire  and  of  those  of  South  Lancashire  uid 
Cheshire.  Considers  the  great  upheaval  sU  along  the 
southern  margin  of  the  carbomferous  Hmestone  of 
Derbyshire,  and  the  fault  against  which  the  lower 
carboniferous  rocks  are  brou^t  up  on  the  southern 
mai^n  of  the  Flintshire  coalfield,  as  referahte,  in  all 
probabilify,  to  the  pre-Permian  period,  q.  327. 

Tlunks  that  it  would  be  extremely  hazardous  to  look  for 
ai^  beds  of  coal  under  a  tract  ran^ng  in  the  direction 
■ti^  by  him,  right  serosa  the  centre  of  the  Cheshire 
plain.  D28,q.  327.  Thmka  that  it  may  be  assumed, 
that  north  of  the  barrier,  which  he  supposes  stretches 
underneath  the  Cheshire  plain,  and  extendiiur  to  the 
margins  of  the  Flintshire,  the  South  Luicawre,  and 
the  Cheshire  coalfidds,  there  is  a  large  tract  in  which 
ooal  most  certaii^  exists,  including  the  peninsula  of 
Wirral,  q.  327.  "niat  there  is  very  little  doubt  that 
ooal  exists  between  the  western  outcrop  of  the  Den- 
highshire  coalfield  and  the  eastern  outcrop  of  the 
North  Staffordshire  coalfield,  q.  327.  Hazardous  to 
expect  any  valuable  coal  seams  under  a  very  laige 
traot  of  Permian  and  Triassic  rocks  at  Envelle  and  the 
east  of  Bridgenorth,  q.  327.  Thinks  that  there  can  be 
no  doubt  that  there  is  a  region  of  prodnctiTe  coal 
measures  between  the  northern  limit  m  the  Warwick- 

.  shire  coalfield  and  the  I^eicestershire  coalfield.  D  29, 
q.  327.  That  there  is  a  region  of  productive  coal  ' 
measures  north  of  a  line  from  Coventry  to  Walsall, 
aod  extendiiur  eastward  to  the  mai^ins  of  the  Nwtii 
and  Sooth  Staflordshin  coalfields.  D  29,  q.  337. 
Does  not  raprefaend  thi^  any  ooal  seams  whatever  will 
be  found  oetwoen  the  borders  of  the  Leioeetershire 
ooalfleld  and  the  southern  limits  of  the  Nottinj^uun- 
shire  coalfield,  q.  327.  Dobyshire  ooalficUs  dip  east- 
ward, and  sometimes  at--*  higher  anglti  ikaa  the 
Permiui.  Thickawa  of  fhe  otetlyi^  TOassio  and 
Ftonnian  rocks. 

I^assio  rocks  distributed,  on  a-  definite  idan  of  airange- 
ment,  all  ovar  the  central  ooontiefl.  Maps  showiiw 
extent  of  11m  present  coalfields  at  the  surfoce.  D  29, 
q.328. 

Lower  carbonifetons  sedimentary  beds  attain  thmr  nuud- 
mnm  development  towards  the  north-west  of  England. 
D  30,  q.  328.    Looks  upon  the  lower  Permian  forma- 
tion of  Lancashire  as  intimately  connected  with  that 
■  of  the  ttorth  of  Eu^aad, -4.  aad. 


Hull,  Edwakd,  F.Il.8.— aoa<. 
Does  not  see  any  oonneotion  between  the  physical  features 
describod  by  Mr,  Godwin-Auaten  and  tiiose  of  the 
(Ustrict  in  the  north  and  centie  of  K"gltiv<,  q.  337. 
Does  not  think  it  improbable  that  at  some  indefinite 
distance  to  the  eastward  of  the  Derbyshire  and  York- 
shire coalfield  the  ooal  measures  will  actually  be  found 
to  rise  to  the  eastward.  D  31,  q.  343.  Idmit  vl 
mining  determined  by  the  tiiick  of  the  overlying  ftv- 
mationS,  q.  344.  Mountain  limestone  to  the  east  of 
Rhyl  terminated  by  a  fault  older  than  the  New  Red 
^Sandstone,  which  may  possibly  throw  in  a  little  a(  the 
coal  measures  and  the  millstone  grit,  q.'  343.  Thinks 
coal  would  be  found  at  a  maximum  depth  of  4,000 
feet  as  far  as  the  escapement  of  the  chalk  in  *the  Humber, 
and  Airtfaer  south,  q.  352.  Dip  of  the  coei  beds 
greater  than  that  of  the  magnesian  limestone  above 
them«  q.  365.  Bdieves  that  the  fonn  o^  the  York- 
ahie  aod  Derbyshire  coalfield  is  probably  basin-shaped. 
D  32,  q.  367.  Does  not  consider  that  coal  will  be 
foond  at  a  veiry  little  distanos  north  of  LiTerpool, 
q.  366.  Would  not  say  that  the  Flintshire  coalfield 
extends  &r  seaward,  but  aa  far  as  tiie  Fendle  line 
upheaval,  q.  368.  Would  expect  a  coalfield  south- 
east of  tiiis  line,  q.  369.  Does  not  think  that  then  is 
any  evidaaoe  of  a  &ult  east  cf  tiie  Someraatahiie  coal- 
ibld.  DS3,q.372. 

Hull,  Edward,  F.R.S.: 

Replies  of,  to  circular  D  1.    D  106-109. 

Boring,  &c.  which  did  not  reach  coal  measures^  D7,(a). 
■  Bonngs  which  reached  ooal  measures.  D7,  (b).  Wdl 
and  boring  at  Seedley  Print  Works,  Pendlettm. 
D  106.  Boring  at  Patricroft  near  Manchester.  D106. 
Bedford  and  Asley  Collieries  near  Ldgh,  Lancashire. 
D  106.  Edge  Green  Collioy  near  Aahton-in-Makep- 
field.  D  106.  Haydodc  GoUicay  near  Newton  m 
Makeifield.  Lanoasfaii«.  D.  106.  Asfaton  Green  GoU 
lieiy,  near  St.  Helens.  D  106.  BoBng  at  f^e  Coton 
Park  estate.  D  1,06.  Swtvm  fonnd  at  BxiaUngeote 
Colliery,  near  Burtonron-Trent.  D  109.  Section 
found  at  Old  Stanton  Collioy  near  BiurtonH>n-TreDt 
D  106.    Coal  seams  rise,  towards  the  west  at  4°  to  6^ 

.  in  the  Coleorton  district  itf  tile.  Leiceslenhire  coal- 
field. D  106.  Coal  measures  in.L^cesterahire  qmte 
uncomformable  with  Pennian  and  Trias.  D  106.  Bed 
of  calcareous  haematite  cropping  np  against  the 
bottom  of  the  Permian  formation  at  Patrieroft  Colhery. 
D  107.  Pennian  .beds  resting  on  millstone  grit  at 
Skillaw  Clough.    Strata  of  yellow  and  Brown  Sand- 

-  stones  and  Rod  Marls  at  Roach  Bridge,  north-west  of 
Blackburn.  D  107.  Boundary  of  t£e  Qiudure  coal- 
field at  Poynton,  a  fault.  D  107.  Eastern  boundary 
of  the  Manchester  coalfi^d,  a  fault.  D  107.  At 
Fendlet(m  and  Chfbon  near  Mauchuter,  the  eastern 
boottdaryoftheooalfieldisafimlt.  D 107.  Bonndsry 
oftheooaUIeUatHaydockCcUuBiy.afiHdt  D.  lOf. 
Western  boundair  of  the .  oo^lfiud  at .  Sutton  and 
St.  Helena,  a  Wt.  D  10?.  The  eastern  boandaiy 
of  the  coalfield  at  Freaeot,  a  fault  D  107.  Western 
boundary  of  the  coalfield  at  Huyton,  a  &ult.  D  107- 
Bounda^  of  the  coalfield-  at  Bickerstaffe,  near  Orms- 
kirk,  a  fault.  D  107.  The  boundary  of  Croxteth 
Park,  near  I4verpooI,  ;a  flralt.  D  107.  NofA  easttm 
boundary  of  the  I^oeatearahire  -coalfield,  a  finH. 
D  107. 

Extremely  improbable  that  the  coal  measures  might  ndl 
in  with  a  north-westerly  dip  at  some  distance  away 
irom  the  Paidle  ridge.  D  109.  Comcides  mtii 
Mr.  Jukes'  opinion  wiUt  regard  to  the  formation  of  a 
baud  of  country  running  across  Engluid  east  and 

.  west  from  Letoesterahire  into  Montgomeryshire.  D 106. 

-  Distriete  where  coal  might  be  ftmnd  if  the  shafts  cr 
bninn  were  sufficient  deep ;  in  Cheshire  and  l^lop. 
D  IW.  In  Tmcaahire  and  Clu^urej  in  Staflbro- 
sfaire ;  in  WarwicJuhire  wtA '  Leiotttershire ;  betwam 
Rngley  and  Leicestershire  coalfield;  District  sonih  cf 
Coleorton between  Wanrickshire  and  South  StiAifd- 
ahire  coalfields.   D  109. 

HuLL*8  Book; 
RrfiBrenofl  to,  A  40,  q;'667. 


HoMT,  Henry  William  : 

Evidence  of,  A  71-72. 


Tem- 


Peseriptiqu  of  the  Tuz^ab  bath,  71,  q.  ;1^2. 
perature  at  which  the  bather  enters.  Mode  of  treatment, 
q.  1353.  Lowest  temperature  ISO^i  A  72,  q.  1364. 
Highest  temperatoic-  ,200°,  q. .  1366.  Tempomture  cf 
the  different,  q.  1356-1358.  Many  baihen  go  into 
200°.  Attendants  oottfiaed  to  the  lowest  tempeiatiin 
otiaOP.q.  1363.        :  " 

.U  «10.       y'.u^l  I 
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HVNT.  ROBSBT,  F.R.8.  :  --t  >J..t-. 

StetM&alrm8.|ralidto£ttwlUflb.lw  bw  nrived.  from  aU 
the anpaiimnita  4h  AM.Bi>de)1eiid  to-  shote'ilmtthe 
increase  of  tetopentim  witlt  dcpllh  ia  in  a  dmuniihing 
ntiob.  A  3,  q#  1.   Spo^  of  ftae  k>caliiy  (rf  CornmU 
only.  Statement  of  tne  mean  diffemiee  111  tempetaton. 
The  aevesal  obserrstioais  idunr .  omimu  .-in^olazHaes, 
q.  2.   Reference  to  diagrams  showing  resale  of  obsw- 
vatiiHU  and .  experimenti.   A  ft-4,  q.  3.    Ratio  of 
incraue  oonatant  fdr  a  certain  depth,  and  afterwards 
diminishing.  A  4,  q.  6.   Fifty  feet  below  the  surface 
the  limit  i£  which  the  tanperatnre  is  constant,  q.  7> 
Progreanre  increase  of  temperatoze  unifonn  for  the 
first  100  fathtons,  q.  9.   Greatest  tempezatute  obaerred 
at  the  greatest  dejpith  99°,  q.  11.   Scale  of  increase 
deduced  from  his  pnmona  obserrationa  agrees  wi^  the 
temperature  at  that  depth,  q.  11.   No  water  when  the 
experiments  were  made,  q.  14.   GanasB  <rf  tin  fluetoir- 
tiinv  observed  in  the  tanpmtaie.  A4-4tq.  1&  In- 
cnued  tamperstine  prodnoed  by  hot  water  floniiu 
from  the  km  in  huga  qmntities.   A  6,  q.  16.  u 
of  opinion  tiiai  liia  water  does  not  ooma  from  bdow, 
fairt  from  abore.  'AviisTerae  section  upon  the  hot 
lode,  q.  19l   Lode  affected  by  electricity^,  q.  21.  Can- 
not see  any  inteifbring  cause  in  the  temperature  of 
greatest  depth  stated,  q.  25. 
Watec  flowing  down  from  the-  borehole  of  Artesian  well 
is  one  cause  of  disturbance  of  the  temperatoie.  Re- 
ftmnce  to  Mr.  Robert  Were  Pox  and  Mr.  William 
Jorj  Honwood's experiments.   A  6,  q.  28.  Increment 
of  increase  in  ArtMian  well,  q.  31-^.   May  assume 
that  the  maximum  tempentnxe  was  B2°  at  the  depth 
of  1J975  feet  below  the  sealevel,  q.  32-36.  Increaseof 
temperature  in  an  Attenan  well  at  New  Salxwetk, 
q.  37-43.   Beantts  of  the  observationB  of  De  U  Rine 
Mid.  Maicstin  an  Artesian-  well  at-Oaneni  q.  43-44. 
Arteman  well  at  JCondorff  in  die  Grand  Dnchy  of 
Loxemboincgy  q.  46<-47. 
Tempemtnze  m  ooal  misea  liabla  to  be  aflacted  by  the 
d^Fns  and  amount  of  ventilation,  q.  46.  Quotation 
from  letter  bewing  on  the  influence  of  Tentilation  in 
mines,  q.  49.'  Document  produced  giving  soma  of  the 
more  remarkable  nanlte  of  tempoature,  q.  fiOi  Imgn- 
laiity  and  uncertain^  of  results  obtained  from  ezperi- 
mants  and  observatkms  hitherto  made  on  the  tempera- 
ture of  mines  in  consequence  of  disturbing  causes, 
q.  51^2.   Thinks  that  if  all  the  (dwervations  naOied 
by  him  are  thrown  tn^^other  it  will  be  found  that  the 
mean  result  is  something  about  1^  for  between  50  and 
60  feet,  q.  63.   Does  not  know  whether  any  observa- 
tions such  as  have  been  made  on  the  temperatuze  of 
slate  Mul  granite  'in  mines  baa  been  made  on  the 
igneous  ro»8,  q.  54. 
EipCTments  on  tanperatuie  by  Professor  Airey.  A  /, 
q.  59-60.   Putting  tiie  exporiments -in  a  tabulated 
form,  q.  61. 

External  tenpuatm  caxttvSSj  obaemd  while  the.  sub- 
tenanean  temperature  wae  taken,  q.  65.  Varying  of 
the  teanpemtDie  in  a  mine  in  sonunei  and  winter.  No 
aUentiini  in  the  rock  beknr  50  feet.  q.  67-6B.  Differ^ 
ence  between  the  temperatnae  of  slate  and  granite, 
q.  69.  Has  detected  no  variation  in  tihe  Elvan  ooorse, 
q-  70. 

Improved  ventilation  in  Cornish  mines,  q.  73.  Thinks 
that  tiiere  is  evidence  showing  thet  there  is  an  increase 
of  temperature  in  the  rock,  and  that  it  isina  diminish- 
ing ratio,  q.  74.  Quotation  from  dotumsnit  by 
Mr.  Edward  H.  Hawke.  A  7,  8,  q.  76.  Temperature 
so  great  in  4ha  ConsoUdated  Mines  at  Gwennap  that 
the  men  work  ni^tod.'  A  8,  9,  q.  77.  Some  30  or  40 
shafts  in  this  group  of  mines,  q.  80.  Heat  due  to 
comer  OK  at  the  pomt  of  100  fanunns  in  Hit  Gonsoli- 
dued  liines.  qi  8/.  Mode  of  pcffSonning  eqwriments 
-  fm  the  increase  of  temperature  in  mines^  iif  order  to 
imptove  vtatQstioB,.q.  89-91. 

Husband,  WiiuUArf : 
Hoyle  foundry.   Kind  of  ooal  used  in  the  foundry. 

ip.         .  .  . 

HrnitocABBOfS ;  ' 
Distinction  in  the  two  cases  of  fioAam  sod  Seotlnnd. 

B  13,  q.  200. 

Necessity  of  its  presence  in  Runell  Crampton's  mode  of 
burning  small  coal.   B  30,  q. 

HVoltoMwrAT  uisde^  ground  in  deep  nwies  ; 
Observations  by  L.  Wood^.E8qittret  in  1667-   A  99. 
By  Mr.  Dickinson  and  others.  A  103,  10^  108  to  120, 
■121,  t82^  • 

4B2 


...  I. 

Imperial  Works  at  Loribnt  in  France : 
Furnace  at  50  feet  long,  heated  uniformly  from  end  to 
end.  B36,q.426. 

Increase  of  Power  to  produce  increase  of  ventilataon : 
Eight  limes  tiie  t>over  required  to  double  llie  ventilation 
when  exhaustion  is  used.   A  48,  q.  ^6.   The  ineraaie 
wonld  only  keep  down  the  tuqMntnn  to  a  trifling 

extent,  q.  877- 

Incuasbd  Ecomouy  in  the  production  of  steam : 
By  coverin|f  the  boilers  nuwe  carefully  tiian  &^  am 
covered  in  the  midland  counties  and  tn  the  north 

England.   B  46,  q.  623. 

Increase  of  the  ratio  d  Power  required  to  oironlato  air 
through  a  inine.  A  48,  q.  883.   Reason  uagmd, 

q.  884. 

Increase  of  TsHPERATtrRB  with  depth : 
Bate  of  increase  estimated  at  1°  for  ever^  54  feet.  A,  65, 
q.  1181.  Imrease  below  600  yards,  1°  for  every 
45i  feet,  <}.  1182.  Under  Mont  Cenis.  A  99. 
In  Welsh  mines,  A  .  Elliot's  evidence,  q.  630,  8k.,  &c. 
One  degree  of  Fahrenheit  for  60  feet  taken  as  the 
average  of  all  the  evidence  tot  practical  purposes  in 
Britiut  coalfields  in  levels.  Experiments  to  ^test  the 
rate  of  increase  made  by  Sir  W.  Amufnmg. 

Ikdicatobs  : 

Reference  to  the  using  of  them.  B  22,  q.  275.  Em- 
ployed in  collieries  where  ventilating  machinery  haa 
been  at  work,  q.  276.  Not  very  genmdly  used  in  ttw 
manufrctories  on  the  Tyne,  q.  277-  The  coly  means 
by  which  at  present  it  can  be  known  iriuther  an 
engine  Is  working  well  or  not,  q.  278. 

Institl-tiok  of  Mechanical  EMGtNVBRS : 

Publication  of  a  communication  to.   B  54,  q.  753. 

Inbtructioh  to  Comuittees  in  reference  to  maps.   P  4. 

Introducing  Steam  into  the  cylinder  at  ite  miximam 
pressure  in  a  liquid  statei   B  o,  q.  33. 

Iron  Mills  ; 

Using  waste  heat  from  furnaces  in  them  for  t3ie  heating 
of  boilers.  B  53,  q.  734.  No  coal  used  in  many  well 
conducted  iron  mUls  for  the  production  of  steam, 

q.  736. 

Iron  Works  producing  120/)00  trais  per  annum.   B  10, 

q.  132. 
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JaGKKTTKO  EnOINH  PlPH: 

Decreasa  of  temperature  below  ground  where  used. 
A  52,  q.  981. 

James  Watt  : 
Made  the  Iwest  portion  of  his  income  in  ComwalL 
B  S6,  q.  1283. 

Jakb  Pit,  Hettom  Colliery: 

Experiments  on  temperature  in,  by  Mr.  Lindsay  Wood. 
A  41-46.  Tabular  view  of  temperatures  in.  A  60. 
Quantity  of  ar  passing  in  the  return  air  about  50,000 
cubic  fret.  A  66,  q.  1243,  1244.  Tempeiaturei 
follow  up  the  temperatures  of  the  fxial,  q.  1345, 
Cunmt  of  air  passes  30  wt^ing  frees,  q.  1246. 

JSUHONT; 

Plate  fl4asB  makt       on  a  veiy  l^e  scale.   B  3S, 

Joules'  Equivalent  of  Heat. 
200  years  ago  men  were  quite  content  wftii  'one  sixtieth 
of  it,  10(f  years  ago  men  were  quite  content  witti  one 
fortieth  of  it.  B  71,  q,  1015. 
Good  now  being  done  entirely  due  to  the  knowledge  of 
Joules'  equivalent  of  heat  and  work  being  convertible. 
B.  74.  q?10^. 

Jordan,  Thomas  B..: 
Evidence  ol   B  90-92. 

Has  been  long  of  oinnion  that  the  most  economical 
boiler  and  toA  safest  boiler  n^ieh  nan  he  made  must 
be  formed  of  smaller  vessels  than  aie  now  used. 
Description  of  boiler  used  by  him.  Q.  1287-1288. 
A  tube  worn  ont  in  the  boiler  can  be  taken  out  and 
another-can  be  put  in  without  dietmbhig  tlis  boiler  at 
all,q.  1290.,  
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Reasons  stnted  with  refrard  to  the  economic  value  of  the 
boUer.  q.  1291.  Believes  that  if  the  boiler  were 
extensively  used  the  general  consumption  of  it  would 
be  Bometbing  liike  Slbe.  per  horse  pover  pa  hour, 
q.  1292.  Qnat  economy  of  the  boUnr  is  in  its  eon- 
etmction,  q.  1293. 

Date  of  patent  far  the  boiler  1865»  q.  1294. 

Thinks  that  with  regard  to  economy  of  coal  in  the 
production  of  steam,  that  the  boiler  is  to  be  looked  to 
rather  than  the  e^^ine,  and  that .  great  economy  is 
to  be  elfected,  q.  1295. 

Has  no  doabt  that  electrioily  may  be  applied  to  motive 
power,  q.  1296.  States  that  if  we  have  dectrieal 
power  we  cannot  do  without  coal,  q.  1297. 

Thinks  that  air  cannot  be  substituted  with  economy  for 
water,  q.  1299. 

.  Objection  to  using  zinc  sa  a  motive  iiower  is  that  the 
force  diminishee  so  rapidly  from  the  point  of  contact, 
q.  1303. 

.Looks  forward  to  using  3  lbs.  of  coal  instead  of  6  lbs. 
in  the  production  of  steam,  q.  1304. 

His  boiler  a  water  tube  boiler,  q.  1305.  Can  get  up 
any  amount  of  pressure  in  it,  q.  1306.  Explosion 
likely  to  take  place  only  in  one  tube,  q.  130/.  The 
boilers  stand  remaritably  well,  q.  1309.  Cast-iron 
boflers  get  rid  of  all  the  dilBealty  of  rivets,  q.  1314. 
Liabili^  of  the  tubes  being  coated  mth  soot,  q.  1315. 

JucKEs'  Revolving  Bars  : 
30  per  cent,  of  fuel  saved  by  the  use  of  them.   B  11, 
q.  141.    Applied  to  boiler  furnaces,  q.  142. 

JuERs'  Apparatus  : 

,  Applied  so  as  to  use  coal.  G  57,  q.  1637.  Use  of  the 
apparatus  migfat  bq  advantageously  extended,  q.  1638. 

JUKBS  : 

His  memoir,  in  the  Memoirs  of  the  Geological  Survey. 
D  63,  q.  573.  Lecture  given  hv  him  before  the  Briti^ 
Assodation  at  Birminghun.  D  69,  q.  600, 
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KiHBRiDOE  Clay  : 
630  feet  tiiick  near  Wcnrmouth. 
160  fleet  think  at  Nettlebed. 
275  feet  thick  at  Swindon. 

Portland  beds  at  Portland  150  feet  thick.   O  34,  q.  396. 

KiTBON,  Leeds. 
Increase  of  5  per  cent,  obtained  by  him  in  the  manu- 
facture of  iron  by  usin^  Siemens'  fUmace.   B  35, 
q.  413.    15  hundredweights  of  co&l  per  ton  of  iron 
used  by  him.   B  36.  q.  427- 

Knowlbs,  John  : 

Evidence  of.  A  10-12.  C  ^11.  Temperature  of  the 
air  at  the  surface  in  the  Pendleton  colliery  near 
Manchester.  A  10,  q.  99.  Temperature  at  various 
depths,  q.  100.  Difference  between  tbe  temperature 
of  the  coal  and  the  floor,  q.  101 . 

Temperature  of  the  sir  ^tne  top  of  tiie  downcast  on 
the  26th  of  April  at  Clifton  Hall  CoUteiry,  q.  103. 
Temperature  at  varions  depths  in  tiie  sanut  colUsiy, 
q.  103.  Variation  in  the  temperatnie  of  air  fem 
the  downcast  temperature  of  the  air  as  it  comes  to  the 
upcast  never  gets  higher  than  72°,  q.  104.  Temperatura 
of  the  coal,  SOP  at  738  yards  depth,  q.  106.  Tempera- 
ture of  the  air  at  the  Ix^jtom  of  the  upcast,  70°,  q.  107. 
Reduction  of  temperature  due  to  ventilation  10^, 
q.  108.  Temperature  might  be  reduced  more  by 
getting  more  air,  q.  109.  Great  reduction  in  the 
temperature  of  the  seams  of  coal  after  the  levels  have 
been  driven.   A  11,  q.  110. 

Qnanti^  of  air  90,000  cubic  feet  per  minute  now  got 
in  the  mine  might  be  easily  doubled,  q.  113-114. 
Four  times  the  force  required  to  double  it,  bat  larger 
airways  might  be  made,  q.  115. 

Does  not  know  any  instance  <^  the  temperature  being 
inconvenient  for  the  men  to  work  in  m  deep  mine^ 
unless  badly  ventilated,  q.  11?.  Does  not  see  any 
difficulty  at  present  in  oonnteracting  tiis  earth's  tan^ 
peratniB  by  ventilaticHi,  q.  118.  Itmperatuie  greaify 
reduced  by  driving  the  levds  first,     119.  . 

Lowest  depuis  reached  by  ihe  workinga  at  Pendleton 
696  yards  beknv  the  sea  levtel,  122.  Greatest  distance 
from  the  shaft  at  which  observations  on  temperature 
have  been  made,  q.  129-131.  About  a  mile  from  the 
shaft  the  temperature  of  the  air  is  within  four  or  five 
degrees  of  that  of  the  coal,  q.  131-132.  Return  air 
diminishvd  in  temperatiire  from  76^  to  72°,  Tht 
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shorter  the  length  of  the  air  course  the  more  easily 
would  the  temperature  be  reduoed.  q.  135. 
Possible  to  control  the  temperature  by  ventilaticm,  what- 
ever tiie  distance  from  the  shaft,  q.  146. 
-  Collieries  lying  chiefly  on  the  UOTtn-west  side  of  Man- 
chester.  C  3,  q.  2. 
Nearly  all  the  seams  in  these  worked,  q.  3.   Section  of 
seams,  q.  4-6. 

Thickest  and  ttunnest  seams  worked,  q.  11-13.  Best 
coal  in  the  district,  q.  14.  Seam  of  18  inches  con- 
tinued to  be  worked,  q.  15.  Working  a  thin  seam 
dc^nds  upon  local  drcumstances,  q.  18.  Average 
thickness  of  the  seams  worked,  q.  21.  Plansproduced 
showing  the  system  of  working,  q.  22. 

Best  system  of  working  these  cchbIs,  q.  24-27-  Greatest 
distance  driven,  q.  28-29.  Divisions  of  sand  so  Bmall 
that  a  boundary  is  easily  arrived  at,  q.  30. 

Does  not  remember  having  had  an  explosion  under  the 
Ystem  of  working  followed.  C  3-4,  q.  32.  Building 
the  gas  off.  C.  4,  q.  35.  Building  walls  along  the 
working  faces  to  convey  the  air  there,  q.  36-37. 

Driving  the  levels  to  the  extiemi^,  and  sweeping  the 
pilUus  back,  q.  38-43.  No  profit  got  during  the  time 
the  levels  are  being  driven  to  the  extiemitiy,  q.  43-44. 
Distance  between  the  levds  and  the  air  en^  q.  45. 
Ventilating  the  levels,  q.  47-48.  IMstanoe  between 
the  nplooms  between  whidi  the  lenla  an  driven, 
q.  49. 

Carrying  the  ventilation  along  and  keeping  down  the 
temperature  where  the  heat  of  the  rock  is  great,  q.  51- 
56.  Rate  of  driving  per  week  depends  upon  the  mine, 
q.  57.    Meeting  a  faulty  q.  59-60. 

Working  on  a  modified  long-wall  system,  q.  64-66,  | 

Quantity  of  small  coal  got,  q.  67-/1. 

Bize  of  riddle  used,  q.  72-73.  Qnantit^  of  slack  taken 
out  by  it  10  per  cent.,  q.  73-76.  Portion  small  coal 
varies  in  different  seams,  q.  77- 

Waste  varies  with  the  different  seams,  q.  78. 

Large  coal  and  slack,  q.  79-^0. 

Does  not  think  that  the  proportion  of  small  coal  depends 

upon  the  thickness  of  the  seam,  q.  82. 
Mountain  mine  coal,  good  coking  coal,  q.  84. 
Depth  hu  no  etfeet  upon  the  quantify  ot  small  coal  made, 

q.  85. 

Greatest  depth  at  which  woHl  is  oizried  on  738  yards 

below  the  surfeee,  q.  86-^7* 
Seams  worked  at  the  CHfton  Hall  CoUieiy,  q.  88-90. 
Pillar  and  stall  system  not  successful  at  the  I^dleton 

colliery,  q.  95-97. 
Concenbrating  the  workings  and  economising  pit  room, 

q,  98-101.  ^ 
System  followed  more  economical  than  the  pillar  and 

stall  system,  and  the  coal  worth  much  more,  q.  104- 

106.   Small  coal  sold  or  made  into  coke,  q.  107-109. 
No  waste  at  all  in  the  mode  of  working  practised, 

q.  111-112. 

Budding  a  gob  wall  to  keep  up  the  roof,  q.  114-115. 
Those  walls  leftnp,  q.  117.  Distance  of  them  apart 
8  or  10  yards,  q.  118.  Material  of  which  built,  q.  119. 
Strength  of  them,  q.  120.  lliickness,  q.  121.  Cost 
of  buildimr,  q.  122.   Breadth,  q.  123. 

Height  of  we  goaf,  q.  126.  No  risk  of  the  hollows 
above  being  reservcnrs  for  gas,  q.  126. 

Subsidence.   C.  6,  q.  129-130. 

Would  injure  the  seam  above,  q.  132. 

Cast  iron  props  used  in  the  workinga,  q.  133. 

Quantity  of  coal  got  out  per  di^,  q.  136. 

Quantity  of  air  applied  to  keep  the  ftoe  dean,  q.  137. 
200  feet  of  air  per  minute  to  every  man,  q.  139. 

Quantity  of  coal  got  per  foot  per  acre,  q.  154.  Cus- 
tomary acre  the  Cheshire  acre,  q.  156.  Measnrementii 
by  the  quantity  of  coal  in  every  six  months,  q.  159. 
Custom  in  letting  mines  in  Lancashire  and  Cheshire, 
q.  161. 

Actual  saleable  produce  per  acre,  q.  179.   Loss  in  con- 

'  verting  coal  into  a  saleable  article,  q.  181. 

Stipulated  in  the  lease  that  the  upper  seams  shall  bo 
worked  first,  q.  184.  Object  of  the  lessor  in  the 
stipulation,  q.  185.  Going  over  the  upper  seams  and 
wording  than  out,  q.  187.   Taking  the  lower  seam 

'  and  leaving  the  upper,  q.  189. 

Woriung  a  lower  and  higher  seam  togetiier,  q.  191, 
Upper  seam  would  be  iqjured  if  worked  soon  after 
the  lower  seam,  q.  193.  Woridag  botb  seams  con- 
secutive]^, q.  197. 

Royalty  rent,  q.  200-203. 

Would  get  as  much  as  he  could  to  sell  out  of  tim  man 
profitable  mine.  C  8,  q.  204.  If  there  was  a  pnSt  to 
be  got  out  of  the  upper  seam,  would  mak  it  as  wdl 
H  the  kiwer,  q.  206-209.    If  the  lower  MKn  wm 
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wtnkad  finfe  tfie  unwr  indtiibriarsmn  would  be  lost 
formr,  210-316. 

Looking  at  it  in  a  collier's  pcdnt  of  viev,  he  would  eer- 
tunljr  endeavour  to  go  down  to  the  beit  seam,  q.  218. 
Cannot  but  think  that  an  injuiy  will  arise  to  some 
extent  from  working  tlie  lower  seams  under  the  npper 
seams,  q.  222. 

No  waste  at  all  in  the  mode  of  working  practised.  C  5, 
q.  111.  Nine-tenths  large  coal  and  ooe-t«Dth  small 
got.  ■  C  6,  q.  161.  Under  diffflrent  systems  of  work- 
ing the  result  is  considerably  lees  snocessful  in  regard 
to  the  proportion  of  la^e  C(m  produced.   C  7>  q-  1B2. 

The  question  of  time  in  sinking  fifty  fethoms  not  much 
if  going  to  a  good  seam.  C  7>  q>  1^2.  Consider  that 
if  the  inferior  seams  were  not  worked  coigointly  with 
the  better  ones  they  would  be  sacrificed.  C  8,  q.  212. 
Other  things  being  the  same,  would  work  the  top 
seam  first.  C  8,  q.  229.  Knows  of  no  seams  in  his 
district  left  which  mill  be  worked  again.  C  9»  a.  231. 
Not  bound  to  vroA  the  upper  seam  to  tlie  extuusion 
of  the  other  seam.  C  9,  q.  255.  Considers  that  those 
latge  pillus  which  an  not  now  bung  worked  will  be 
irrecoverably  lost   C  10,  q.  287. 

The  lower  seams  under  the  npper  seams,  q.  222. 

One  seam  improved  by  the  working  of  another,  q,  223- 
225. 

Number  of  men  employed  above  3,000,  q.  226« 
Opportunities  of  seeing  the  coal  worked  after  the  seam 
below  had  been  taken  away,  q.  230.  In  his  district 
does  not  know  of  any  seams  being  left  which  will  be 
worked  again.  C  9,  q.  231-233.  Seams  being  worked, 
q.  236-337.  Thickness  of  seams  worked,  q.  238-239- 
241. 

No  portions  of  coal  sacrificed  in  consequence  of  working 
lower  beds  oi  superior  quality,  q.  242-243,  Thinks 
that  the  whole  of  tha  cmIs  now  lost  by  the  nMhod 
of  working  will  be  racov«red>  q.  244. 

Reason  why  the  Four  Feet  Mine  is  not  beii^  wmrked, 
q.  245.  The  mine  will  be  injured  where  pmars  have 
been  left  to  support  buildings,  q,  247-250.  Incon- 
venience of  proceeding  with  the  Bin  Mine  before 
working  out  the  other,  q.  251.  To  make  some  of  the 
unwwked  seams  workable,  the  price  of  coal  would 
require  to  be  double.    C  10,  q.  26^-265. 

In  dealing  with  buildings,  a  conriderable  quantiW  of 
coal  must  be  left  for  their  support,  q.  267.  Tw^ 
thirds  of  the  coal  reguired  to  be  left  where  the  surface 
is  covered  with  buildings,  q.  268-270. 

Instances  where  the  whole  coal  has  to  be  left  to  support 
particular  buildings,  q.  271-272. 

Does  not  think  that  it  would  pay  to  work  the  pillars 
afterwards,  but  that  the  seams  whifch  are  left  could  be 
worked,  q.  2/^275. 

Increase  of  the  buildings  rendering  it  improbable  that  . 
the  seams  left  to  support  them  oan  be  wotked  in 
future,  q.  276-277. 

Amount  iiuuty  to  fxmerky  oStm  vtgj  small  in  pro- 
portion to  the  value  of  the  eoal,  q.  278.  Amount  ot 
coal  to  be  left  for  surface  support  in  the  county  of 
Lancaster  very  considerable,  and  becomes  grester 
every  day,  q.  279-280.  Has  no  idea  of  the  proportion 
of  coal  to  be  left  for  support  in  the  coun^  of  Ijan- 
caster,  q.  :?d3. 

Cbonnd  rapidly  hUa  if  the  coal  is  got  out  clear,  q.  284. 

Leaving  large  pillars,  q.  285,  These  pillars  irrecoverably 
lost,  q.  287. 

Owner  of  the  surface  can  erect  buildings  where  he  likes, 
q.289. 

Surface  subsides  regularly  where  the  coal  is  worked  out, 
q.  291.  Coal  to  be  left  beyond  the  limit  of  the  work- 
ing, q.  292.  Extent  to  which  the  coal  affects  the 
surface  beyond  the  working,  q.  293.  Proportion  of 
coal  to  be  left  at  any  panioular  depth  for  the  support 
of  a  building  on  the  surfitce,  q.  294. 

Buildings  stand  on  the  ia^  of  a  truncated  cone.  C  11, 
q.  296.  Base  of  cone  mcieased  wteh  depth,  q.  298. 
Has  anived  at  the  fitct  stated  by  actual  observation, 
q.  299. 

Ot^r  collieries  experiencing  the  same  difficulties  in 
different  parts  tit  Lancashire,  q.  302. 

Best  way  to  do  in  the  case  of  cottage  property,  q.  303. 
Case  of  a  mill  owner,  q.  304-305. 

Manner  of  leaving  pillars  at  shallow  depths,  q.  306. 

Case  of  deferring  building  upon  the  surface  in  con- 
sequence of  the  value  of  the  coal,  q.  308. 

Quantities  of  coal  left  for  keeping  back  water,  q.  309. 
Width  of  barriers,  q.  310-314-315. 

Water  pasung  through  seams,  q.  316-319. 


Labour: 

A  source  of  increased  heat  in  the  body.    A  91,  q.- 1835. 

Lady  Waldeobavk's  Collieribs  : 
Greatest  depth  of  woi^g,  176  fathoms.   C  25,  q.  730. 

Lamtatt  Bkacon  : 
Thickness  of  Lower  Lias  at,  450  feet.   D  33,  q.  384. 

Lancashirb  Boiler; 
Ordinary  two-fine  boiler.   B  43,  q.  566. 
10-inch  fire  in.   B  83,  q.  1236. 

Considered  more  ecmiomicsl  by  some.   B  S4,  q.  1272- 

1273.  . 

LA^CA8HIRE  Coalfield  : 

Allusion  to  Mr.  Biyham's  description  of  the  mode  which 
is  practised  of  opening  the  coalfield.   A  70,  q.  1310. 

System  of  working  compared  with  that  of  Durham  and 
Northumberland,  q.  1311. 

Down-throw  fault  of  800  jrards  to  the  west  beyond 
Upholland.  D  11,  q.  191.  Steady  rise  of  ground 
until  the  coal  measures  crop  out.  D  70,  g.  608. 
Middle  and  upper  coal  measures  generally  he  low, 
q.  609.  To  the  north  end  the  Millstone  Grit,  the 
Yoredale  rocks,  and  the  Carboniferous  Limestone  all 
curve  round,  ao  as  to  make  a  north-east  and  south- 
west strike.  D  71*  q-  614.  Coal  measures  on  the 
southern  side  generally  dip  underneath  the  Pemuan 
strata  directly  without  faults.   D  72,  q.  &36. 

Lancashire  Coal  District  . 
Average  cost  of  hewing  in.   A  67,  q.  1265-1267. 

Lancashire  System  of  Working  : 
Practised  in  Cheshire.   C  23,  q.  674,   Applied  at  Han- 
'    well  Colliery.   C  65,  q.  1900-1906. 

Lancashire  and  Cheshire: 
System  practised  in.    C  38,  q.  1068-1071. 

Lancashire  and  Cheshire  Coal  Association  : 
Decline  to  furnish  information.    P  30. 
Experiments  made  by  them  in  Lancashire.  B  23,  q.  294. 

LaHCASHIKB  AMD  CHESHIRE  COLLIIBIES  : 

Driving  intmnediate  levels  in  them.   C  37,  q.  1056. 

Large  Coal  : 
Per-centage  got.  C15,q.409. 

Large  Gbolooical  Section  : 
By  Ftofbssor  Ramsay.  P.  26. 

Lateral  Wokkinos  : 
Work  could  be  done  five  miles  in  each  direction  wen 

there  shafts  within  ten  miles  of  each  other.  A  38,  q.  619. 
A  person  can  travel  underground  almost  Irom  the  aty  of 

Durham  to  Newcastle.   A  38-39,  q.  622. 
In  the  north  of  England  the  coal  extends  ten  or  twelve 

into  the  sea.   A  39,  q.  625. 

Lawhbswood  : 
Greatest  thickness  of  New  Red  Sandstone  estimated  at 
1,200  feet,  of  Permian  at  1,350  feet,   D  53,  q.  484. 

Lean's  Report  ; 
Average  economy  of  ptmiping  engines  for  Cornwall  taken 
from.    B  57,  q.  790. 

Leaves  of  Rafia  Palm  : 
Indicate  excessive  moisture  in  the  sir.  A89,q.  1817-1818 

Lrb-Botwood  Coalfield: 
Unsuhmerged  during  the  greater  portion  ot  the  car- 
bonifoouB  poiod.   D  26,  q.  325. 

Lebos ; 

Inquiries  in,  respecting  smoke.   B  82,  q.  1233. 

IjEicestershirb  Coalfield  : 
Cambrian  rocks  of  Chamwood  Forest  Iwonght  up  along 

thesideofafhult.  D26,q.326. 
Thin  band  of  Fftrmian  strata  found  oromring  out  below 

the  New  Bed  Sandstrae  on  the  nlHrm-westem  side. 

D  66,  q,  627. 

nickness  of  ooel  measures,  about  3,000  feet  when 

thickest.   D  59,  q.  540. 
The  patches  of  the  New  Red  Sandstone  in  the  centre  of 

the  coalfield  show  that  it  was  once  entirely  concealed 

bv  New  Red  Sandstone  strata.   D  61,  q. 
MilUtone  Grit  forms  the  mass  of  the  country  all  tiie  waj 

irom  the  coalfield  to  the  River  Trent,  neitf  Stanton. 

D  61,  q.  550. 

Extreme  difficulty  in  cwrelating  the  eastern  witih  the 

western  part   D  62,  q.  556. 
Uppermost  half  of  the  field  contuns  the  piost  productive 

mines  of  coal.  D  63,  q.  569. 
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INDEX. 


Lbttkrs : 

Letter  from  Henry  Cole,  Secretary  to  Sdence  and  Art 
Department,  South  Kensingtoii,  to  Sir  Boderiok  Mmy 
chiiBon,  in  refarence  to  tiie  Geoloffioal  Survey,  South 
Keneington,  9th  October  1866.  F3. 

Ditto  in  reference  to  Coal  Commisuon.   F  3. 

Prom  J.  F.  Campbell,  Secretary  to  Coal  Commissi/m,  to 
the  Right  Hon.  H.  Waddington,  Home  Office,  re- 
s^>eeting  anthori^  to  seek  asnstanoe  from  local 
TOwers,  &c..  Committee-room  G,  House  of  Lords, 
October  nth,  1866.    P  5. 

From  Belmore  to  the  Secretary  to  the  Coal  Inouiry  Com- 
mission, n  regard  to  financial  matters,  \V^hitehall, 
October  25th,  1866.    P  5. 

From  H.  Waddington  to  the  Secretary  to  the  Coal  Com- 
mission, in  reference  to  an  estimate  of  the  stun  required 
to  defray  the  expenses  of  the  Coal  Commission,  White- 
hall,  December  6th,  1866.    P  6, 

Reply  to  ditto,  December  8th,  1866,  Committee-roora  G, 
House  of  Lords.    P  6. 

Second  reply,  P  7. 

From  the  Secretary  to  the  Coal  Oommiaapn  to  Mr.  Wad- 
dington, Home  Office,  in  reference  to  the  personal 
aUowaneea  of  the  CcHnnuBsionera.  9th  December  1866. 

From  H.  Waddington  to  the  Secretary  to  the  Coal  Com- 
misaiou,,  in  reference  to  the  payment  of  the  travelling 
expenses  of  mining  engineers,  Whitehall,  January 
10th.  1867.  P9. 

Receipt  of  ditto  acknowledged,  Januaiy  11th,  1867-  P  9. 

From  the  Secretary  to  the  Coal  Comnussion  to  the  Right 
Hon.  H.  Waddiugton,  Home  Office,  regarding  a  Com- 
pleie  copy  of  the  printed  minutes  of  the  3oal  com- 
mission, January  13th,  1867.   P  9. 

From  H.  Waddington  to  the  Secretary  to  the  Coal  Com- 
mission, with  regard  to  estimate  for  the  year  1867, 
Whitehall,  Februair  1st,  1867.   P.  10. 

Copy  of  letter  in  reference  to  estimates,  January  Slst, 
1867,  Treasunr  Chambers.   P.  10. 

Letter  from  J.  F.  Campbell  to  the  Right  Hon.  H.  Wad- 
dington, February  2d,  1867.  Pll. 

Proposed  letter  t?  the  Home  Office,  (for  approval,) 
(fioanoe),  Committee^room  G,  House  of  Lords,  Ja< 
nuary  Slat,  1867.   P  12. 

Ftom  H.  Waddington  to  the  Secretary  to  the  Coal  Com- 
nussion, respecting  eatimates  of  expniditure,  Whitdiall, 
Januaiy  19tli,  1867.    P  12. 

From  H.  Hussey  Vivian  to  J.  F.  Campbell,  Esq.,  in 
reference  to  estimate  of  cost,  30tb  Januaiy  l867. 
P  13. 

From  Joseph  Dickinson  to  J.  F.  Campbell,  Esq.,  re- 
specting estimate  of  expenditure,  Jannaiy  25th,  1867> 
P.  13. 

From  J.  Bute  Jukes  to  J.  F.  Campbell,  Esq.,  in  refier^ 
ence  to  estimate  of  expenses,  January  25th,  1867, 
Geological  Survey  Office,  Dublin.   P.  15. 

From  John  Geddes  to  J.  F.  Campbell,  Esq.,  in  reference 
to  estimate  of  expenditiu«,  January  25th,  1867, 
9,  Melville  Crescent,  Edinburgh.  P.  16. 

From  J.  F.  Campbell  to  the  Right  Hon.  H.  Waddington, 
in  reference  to  copy  of  letter  sent  to  Commissioners. 
January  23rd,  1867>  Committee-room  G,  House  of 
Lords.    P.  18. 

From  Argyll,  chiurman,  to  the  Right  Hon.  the  Secretary 
of  State  for  Home  Department,  with  reference  to  Trea- 
sury autliority  for  the  necessary  ezpenditnre  of  the 
Commission,  Committee-room  6,  noUBe  ai  Lwds, 
February  18th,  1867-    P.  20-21. 

From  Belmore  to  the  Secretary  to  the  Coal  ComnuBaion, 
Whitehall,  Februaty  27th,  1867.   P.  21. 

Acknowledgment  of  receipt  of  ditto,  March  lat^  1867. 
P.  21. 

From  George  Ward  Hunt  to  the  Secretary  to  the  Coal 
Commission,  Treasuiy  Chambers,  February  25th,  1867. 
P.  22. 

From  S.  H.  Walpole  to  his  Grace  the  Duke  of  Ar^U, 

&c.,  &c.,  &c..  Chairman  of  the  Coal  ConimiaBion, 

WhitehaU,  March  4th,  1867.    P.  22. 
From  S.  H.  Walpole  to  hia  Grace  the  Duke  of  Ar^U, 

&c.,  &c.,  &c..  Chairman  of  the  Coal  Commission, 

WhitehaU,  March  15th,  1867.   P.  23. 
From  Geo^  Ward  Hunt  to  the  Secretary  to  the  Coal 

Commission,  in  reference  to  the  travelling  eapenses 

of  mining  engineers,  Treasury  Chambers,  12th  March 

1867.   P.  23. 

From  John  Th.  Woodhouae  to  the  Secretary  to  the  Coal 
Commission,  June  18th,  1867-   P.  24-25. 

From  Geo.  T.  Churk  to  J.  F.  Campbell,  Esq..  Secretary, 
Dovhds  House,  Merthyr  IVdvil.  Mafth  2iid,  1868. 
P.  29. 


Lkttbhs — etMt. 

From  Thos.  E.  Forster  and  Gemge  Elliot  to  J.  F.  Camp- 
bell, Esq.,  Secretwy,  Goal  Conmiiadon,  NewoasUe-tm- 
Tyne,  March  2nd.  1868.   P.  31-38. 

From  ditto  to  J.  F.  GHnpbdl,  Esq.,  Man^  ard,  1868. 
P.30. 

From  George  Elliot  to  J.  F.  Campbell,  Em.,  Secntaiy, 
Coal  Commission,  Great  George  Stieet,  WestaniDster, 
London,  February  29th,  1867.   P-  31-32. 

From  John  Tb.  Woodhouae  to  J.  F.  Campbell,  Esq., 
Ashby-de-k-Zouch,  March  3rd,  1868.   P.  32-33. 

From  J.  Piestwit^,  F.R.S.,  F.G.S.,  to  hia  Grace  the  Dnke 
of  ArgyU.  Chairman  of  the  Royal  Coal  Commisrion,  Kent 
Terrace,  Regent's  Park,  March  2nd,  1868.   P.  34-36. 

From  Adolphus  F.  O.  Liddell  to  the  Secretary  to  the 
Coal  Conmisskm,  Whitehall,  Novembv  22iid,  1867. 
P.  36. 

Reply  to  ditto,  November  26th,  1867-   P.  36. 
'  From  J.  F.  Campbell,  Secretary  to  Coal  CommiBsioD, 

to  the  Hon.  Adolphus  T.  O.  Liddell,  Home  Office, 

March  17th.  1868,  Committee-room  G,  House 

Lords.  P.  36. 
Vnm  J.  F.  Campbell,  Seeretvy  to  Coal  CoUMrioa, 

to  the  Hon.  Adolphns  F.  0.  Lidd«D«  Home  Office, 

Mareh  17th,  186^  Committee-room  G,  Honw  of 

Lords.   P.  36-37. 
From  A.  F.  O.  Liddell  to  J.  F.  Campbell,  Esq.,  Mndi 

25th,  1868.  P.  37-38. 
From  A.  F.  O.  Uddell  to  J.  F.  Campbell,  Esq.,  WUte- 

haJl,  April  3rd,  1868.   P.  38. 
From  Qeo.  A.  Hamilton  to  the  Hon.  Adolphus  A.  F.  O. 

Liddell,  Home  Office,  Treasniy  Chambers,  Apsil  Ist, 

1868.   P.  38. 

From  Charles  W.  Franks  to  the  Hon.  A.  F.  O.  liddell, 
Committee-xoom  G,  House  of  Lords,  Job  14(h,  1868. 

P.  42. 

From  A.  F.  O.  liddell  to  Charles  W.  Franks,  Esq., 

Coal  Commission,  Whitehall,  August  5th,  1868.  P.  ^. 
From  A.  F.  O.  Liddell  to  the  Secretary  of  the  Coal  Oom- 

miasion,  Whitehall,  August  6tfa,  1868.    P.  43. 
From  Secretary  to  Coal  Commission  to  "IVeasory," 

Conon  House,  Dingwall,  September  27tb,  1868,  Codto 

House,  DingwaU.  P.  43. 
From  Jno.  E.  Hioks  Beach  to  J.  F.  Campbdl,  Esq.. 

Seoetaiy  to  the  Coal  Comnussion,  Whitehall.  Oc- 

tober  14th,  1868.   P.  44. 
Copy  of  letto  from  Geo.  A.  Hamflton  to  the  Hon.  A.  F. 

O.  Liddell,  Treasory  Chambers,  October  ISA,  1868. 

P.  44. 

Acknowledgment  of  receipt  of  letter  In^  J.  F.  Campbell, 
Dunrobin,  Galspie,  October  17th,  1868.    P.  45. 

From  James  Fergusson  to  J.  F.  Campbell,  Esq.,  Secre- 
'  tary  to  the  Coal  Commission,  Whitehsll,  June  8Ui, 
1868.    P.  45. 

From  W.'  G.  Hamilton  to  the  Secretary  to  the  Coal 
Commisaon,  T^eMuy  Chambersj  June  3nd,  1868, 

P.  45. 

From  J.  F.  Campbell  to  the  Hon.  Adolphns  LiftdeD, 

Home  Office,  Jnne  let,  1868.    P.  46. 
From  V.  Delves-Broughton  to  J.  F.  Campbell,  Esq.. 

October  1868.   P.  46. 
From  J.  F.  Campbell,  Conon  House,  October  27fit,  1868. 

P.  46. 

From  J.  F.  Oamnbell  to  V.  Ddves-Broqriiton,  Esq., 
Conon  House,  Dingwall,  October  29th.;i868.  P.  46-47. 

From  J.  F.  Campbell  to  V.  Ddves-Brougbton,  Esq., 
Conon  House,  DingwaU,  November  1st,  1668.   P.  47. 

From  A.  F.  liddell  to  the  Secretary  to  the  Coal  Gom- 
mission,  Whitehall,  November  23rd,  1868.    P.  48. 

From  A.  F.  O.  liddell  to  the  Secretary  to  the  Coal 
Commission,  Whitehall,  November  25to,  1868.  P.  49. 

From  J.  F.  Campbell  to  the  Hon.  A.  F.  O.  Uddell, 
Home  Office,  Committee-room  G,  House  of  Lords, 
December  5th,  1868.    P.  49. 

From  A.  F.  0.  Liddell  to  the  Secretaiy  to  the  Coal  Com- 
mission, Whitehall,  March  10th,  1869.   P.  60. 

Letter  from  William  Lav,  Treuvaj  Chambers,  March 
8th,  1869.   P.  60. 

From  J.  F.  Campbell  to  the  Hon.  Adolphus  F.  O.  Ud- 
dell, Home  Office,  Committee-room  G,-  House  of 
Lords,  MsKh  11th,  1869.   P.  60. 

From  John  Thompson  to  Joseph  Diddnson,  xcftniiv 
to  the  temperature  of  the  stoata  in  the  Noriey  Cou 
Company's  deep  pit  near  Wigan  FIdd  Hons^  Cmstcr, 
June  4th,  1868.   A  24. 

From  Mr.  Wm.  Bryham  to  Sir  W.  Armstrong,  Ros^dge 
and  Douglas  Bank  Colheriea,  Wigan,  May  1 1th,  1869. 

From  H.  P.  Lovell  to  J.  F.  Campbell.  Esq.,  witb  respect 
to  stoke-holes  and  mines.  Peninsular  aDdOrienUStesn 
Navigation  Company,  offices,  122  Leailenhall  staeeb 
Lon£>n,  E.G.,  19th  July  1869. 
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From  J.  T.  Chance  to  J.  F.  Campbell,  Esq.,  with  respect 

to  worldly  in  a  hiffh  temperatuxe  in  gOM  woriu  near 

Birminghtm.   A  9/. 
Letters  fimn  John  Qilbflrt  to  J.  F.  CunpbeU»  £io.,  with 

mpect  to  working  in  a  high  temperature  in  the  Clif- 

ford  Amalgamated  Minea.   A  97. 
F>oni  B.  H.  Paul  to  Committee  B,  respecting  liquid 

fuel,  8,  Gray's  Inn  Square,  London,  9tli  March  1869. 

B  16-20. 

Letter  from  E.  Blakemore  to  Robert  Hunt,  with  regard 
to  heating  houses,  &c.,  mth  hot  water.  "  Cannot  see 
"  any  reason  why  the  hot  water  principle  should  not 
"  be  generally  applied  to  dwelling  houses  vnth  advan- 
"  tage."   April  foth,  1869.    B  24-26. 

From  John  Henry  Martin  to  Mr.  Robert  Hunt,  refemng 
to  the  economy  of  coal.   B  26. 

Alfred  Homfrey  to  Mr.  Robert  Hunt,  in  reftnnoe  to 
Homfrey's  coal  aeparator. 

From  J.  F.  Campbell,  Secretary,  to  the  Hon.  Adolphas 
F.  O.  Liddell,  Home  Office.  Committee-room  G»  House 
of  Lords.  FebroaiT  14th,  1869.   D  77. 

FVom  A.  F.  O.  liddsll  to  the  Secretary  to  the  Coal 
Commission,  mpeetiog  the  scale  on  which  cer^ 
ffeologieal  ledums  are  proposed  to  be  piiUished, 
WhitohaU,  23rd  February  1869.  D.  77. 

Ftam  A.  S.  Ayrton  to  the  Hon.  A.  F.  O.  LiddeU, 
relative  to  the  publication  of  certain  geological  sec- 
tions. Treasury  Chambers,  22d  February,  1869.  D  77. 

From  J.  F.  CampbeU  to  the  Hon.  Adolphua  F.  O.  LiddeU. 
in  reference  to  copy  of  a  letter  from  the  Treasury.  D  78. 

From  A.  F.  O.  Uddell  to  the  Secretary  to  the  Coal 
Commission  respecting  publication  of  geolt^poal 
sections,  WHtehall,  24^  February,  1869.    D  78. 

From  A.  F.  O.  Liddell  to  the  Secretary  to  the  Coal 
ConunisBion,  in  reference  to  the  exjjenditure  iavolred 
in  publishing  geological  Mctions,  Whitehall,  Srd  March, 
1869.  D78. 

To  the  Secretary  of  State  for  the  Home  Department 
from  the  Secretary  to  the  Coal  Commission,  in  reference 
to  the  publication  of  maps,  June  26th,  1869.   D  97-98. 

From  Mr.  A.  Lamb  to  Mr.  James  Allan,  on  the  tempe- 
rature of  Btoke>holo6,  Pemnsular  and  Oriental  Stnm 
Navigation  Company  Offices,  Oriental  Placs,  South- 
unpton,  1st  July  1869.   A  81. 

Beply  to  ditto,  26th  June.  1869.   D  98. 

from  J.  Fiestwich  to  the  Secretaiy  to  the  Coal  Com- 
mission, in  reference  to  maps  and  sections,  Mark  Lue, 
29th  June,  1869.   D  98. 

From  A.  F.  O.  Liddell  to  the  Secretary  to  the  Coal 
Gomn^asum.  in  reference  to  the  publioitipn  of  maps, 
WhitehaU,  8th  July,  1869.   D  98. 

Vtom  the  Secretary  to  the  Coal  Commission  to  the  Hon. 
AdolphuiF.O. LiddeU,  in  referenoetothe  publication  of 
nutpsTRoomG,  House  of  Lords,  9th  July,  1869.  D  98. 

From  A.  F.  O.  Liddell  to  the  Seoretaiy  to  the  Coal 
Comnussion,  authorizing  the  publication  of  two  geo- 
logical maps.  WhitehaU.  Slst  July.  1869.   D  98. 

Augiut  2nd.  1870.  Secretary  to  Home  Office,  as  to 
•en^g  printed  infbrmation  as  to  business.   P.  66. 

August  23kd,  1870.  H.O.  enclosing  undated  TVeasury 
letter,  and  demand!^  information  as  to  the  oondu- 
■ion  of  tilie  report,  r.  66. 

August  25th,  1870'  Secretary's  reply.  The  chairman  will 
answer  Mr.  StaaaBeld.   P.  65. 

Kovembev  2nd,  18/0.  Mr.  Woodhouee  sending  his 
returns.   P.  65. 

Jan.  12tb,  1871.  H.O.  sending  Treasury  letter  about 
travelling  and  sllowanoea.   P.  66. 

Jan.  16tM871 .   Seoceta^s  reply. 

Jan.  16th,  1871.  Sir  W.  Armstrong  as  to  reporting, 
P.  67. 

June  8th.  1871.   Mr.  Prestwich  as  to  his  reports.  P.  73* 
June  6th,  1871.   Mr.  Hunt,  ditto.   P.  72. 
Conoeroing  high  temperatures,  &c.   A  98. 
Conoeraing  Mont  Cenis  tnnnd.   A  101. 

Lbvbls  : 

Driving  intcRuediate  Levels.   C  24,  q.  691. 

LifroB  Coalfibld; 
A  fresh-water  fnmation  over  a  subsiding  area.   D  20, 

q.  266. 

To  the  depth     working  ooala.   A  67,  q.  1264. 
Of  depth  at  which  it  woohi  be  pmetuaUy  possible  to 

workooaL   A  67,  q.  1256. 
Of  high  temperature  which  the  human  body  can  endure, 

A^.  q.  im. 

Of  high  temperature  a  man  oonid  ituU  in  moist  air. 
A  9fi,  q.  1»2. 
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Line  of  pbobablb  Goal  MsasuBBa  i 
Under  the  vaUey  of  the  Hiam«>.   D  20,  q.  267- 

Liquid  Fuel  :* 

Materials  proposed  to  be  used  as  liquid  fuel.  General 
character  of  materials  to  be  used  as  liquid  fuel. 
Calorific  power  and  evaporative  efficacy  of  liquid  fael 
as  comparad  with  coal.   B  16. 
Relative  efficacy  of  liquid  fael  and  coal  as  steam  fiiel, 
in  relation  to  the  space  they  oooupv  respectively.  Ap- 
plications of  liquid  fud  and  methoos  of  using  it.  B  17. 
Danger  attending  the  use  of  Uquid  fueL    B  18. 
Supply  of  materials  applicable  as  liquid  fuel.   Cost  of 
materials  applicabte  as  liquid  niel.  Objectionable 
circumstances  attending  the  use  of  liquid  fiul.  Ap- 
plicability of  liquid  fuel  for  steam  navigation.    B  19. 
Other  applications  of  liquid  ftiel.    B  20. 
Oil  obtuned  from  shale.   Very  readily  inflammable. 
B  50.  q.  702.   Advantage  to  tar  distiUers  and  gas 
manufacturers  in  usipf^  dead  oil  instead  of  coal,  q.  703. 
Circumstances  under  which  liquid  fuel  ih  burnt  are  those 
which  effect  a  vtxj  economiod  appUcation  of  the  heat 
produced  by  a  certain  weight  lu  the  fuel,  q.  704. 
Comparison  of  coal  with  petroleum  with  respect  to 
the  heat  evolved.    B  51,  q.  705-708.    Present  value 
of  crude  sh^le  oil,  q.  710.   Mcyority  of  bituminous 
<ril  shales  capable  of  oeing  worked  profitably,  q- 712. 
Thickness  of  the  beds  in  the  neighbourhood  of  £din- 
bnrgh,   q.  713.    Two  distinct  shales  in  Scotland, 
q.  717-720.    Shales  near  Weymouth  produce  oil, 
q.  722.   Thickness  of  the  shales  in  Flintdiire,  q.  726- 
727.   Ijst  of  references.   D  77> 

Littlb  Splirt  Coal.  C  44,  q.  1260. 

Locomotive  Engines  : 
Pressure  used  in,  is  ordinarily  100  lbs.    B  45,  q.  596. 
Consumptioo  of  ftiel  in  them,  2i  lbs.  per  horse  power, 
of  coke.   B  47,  q.  647.    Less  durable  than  engines 
in  a  factory,  q.  649. 
Undesirableness  <tf  applying  the  condensing  system  to 
them,  q.  650. 

LONO-WALL  SyBTBU  OF  WOBKINQ  : 

Pressure  increases  the  amount  of  small  coal  with  it. 

A  23,  q.  390. 

Greater  quantity  of  air  got  in  one  body  by  long-wall. 
A  45.  q.  813.   Benefit  of  the  whole  air  nearly  got  by 
every  man  by  it.  q.  815.   Air  not  kept  under  sucn 
good  control  Dv  it  as  by  board-and-stslL  A  46,  g.  824. 
A  man  woula  be  as  cool  by  board-and<staU  with 
bratticing,  as  by  long-wall,  q.  827. 
Less  surface  exposed  upon  the  long-waU  system  than 
upon  the  pillar-and-stall  system,  q.  8^.  Greater, 
difficulty  in  keeping  the  air  on  the  men  when  wivking 
by  the  long-wall  system,  q.  840.   No  advantage  in 
ventilation  ll>y  the  long-wim  system,  when  a  tonpaa- 
ture  of  99>  is  reached,  q.  842. 
A  slight  tendencQT  of  long^wall  wtnk  to  keep  down  Hie 

temperature  in  deep  mines.   A  61,  q.  926. 
Cannet  seam,  Rosebndge  cdliery,  w(»ked  by  hnur-wall. 

A  66,  0.1220.  . 
It  depends  upon  the  roof,  whether  advantageous  or  not. 

A70,q.  1323. 
Most  difficult  time  to  deal  with,  when  the  weight  is  first 

settling  down.  A  70-/1.  q.  1332. 
The  men  give  the  preference  to  long-waU  at  Dowlais. 
C14,q.  377. 

Involves  a  loss  of  something  like  10  per  cent.,  q.  386- 
386.  More  coal  got  out  by  long-wall  than  by  pillar- 
and-BtaU,  q. '  391 .  Less  pressure  by  the  long-waU 
system  than  by  the  pillar-and-staU  ^stem.  C  16, 
q.  393.  Pressure  comes  more  evenly  upon  &e  hoe, 
q.394. 

Coal  got  by  long'WaU  in  a  much  better  state  for  the 
market  than  that  got  by  piUar«nd-staU.  C  17,  q.  468. 
Improvement  of  the  long-waU  system.   C  19,  q.  543, 

Sacrifice  of  coal  avoided  Iw  it.   G  20,  q.  6^ 
Tlia  advantage  of  long-waU  in  rteam  coal  districts  is 
that  mndi  larger  lumpa  of  coal  are  got,  and  less 
powder  uaed.  C  20,  q.  606. 
Sfjvfeera  of  wwking  in  (Siedure,  to  a  certain  eictoit,  long^ 
walL   C  25,  q.  698.    Greater  pniportkn  of  coal  got 
by  long-wall,  q.  700. 
System  of  working  in  SmnerseWiire  entirely  long-wall, 

pure  and  simple,  710. 
GmanUr  praolund  m  die  Nostii  Staflordshire  ooalfield. 
C31,q.886. 

FwtictUar  upon  tiie  point  of  having  gob  walls  buil^ 

q.893. 

Fwoed  on  in  Shropshire  and  in  Staffordshire  from  tiw 
nluableness  of  large  ooaL  C  32.  q.  941. 
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Long-wall  System  of  Working — cont. 
Did  not  answM  in  the  SHkstone  coal.   C  37,  q.  1060. 
Long-wall,  as  practised  in  Derbyshire  and  Leiceatershire, 

would  not  answer  with  the  coal  iu  South  Yorkshire. 

C  39,  q.  1097. 

Entirely  the  system  of  working  practised  in  Newbattle 

CdUery.  Midlothiim.   C  4l,  q.  1168. 
Most  common  system  practisea  in  Scotland.    C  47, 

q.  1361. 

Weight  can  he  modified  to  suit  any  depth.  C  48, 
q.  1365.  No  pillars  left  to  be  crushed,  q.  1366. 
Whole  coal>  by  care,  might  be  obtained  by  lonfr-wall. 
C  49.  q.  .  Whole  of  the  ironstone,  and  66  per 
cent,  of  the  coal^  in  Ssotland,  worked  ^JJ  lon^-wsll. 
C  50,  q.  1429. 

Tends  to  the  conservation  of  the  seams  that  are  not  at 

present  beinff  worked.   C  51,  q.  1476. 
Used  almost  exclusively  in  the  Wrexham  and  Rnabon 

district.    C63,  q.  1835. 
Abandoned  at  Hanmer  colliery  in  consequence  of  the 

f(reat  emission  of  sulphuretted  hydrogen  gas.   C  66 

q.  1911.   Practised  in  the  coalfields  H  Lejcestershire 

and  Warwickshire.   C  70,  q.  2003. 
Used  iu  some  of  the  coal  mines  of  the  South  Staffordshire 

and  East  Worcester  coalfields.  C  79.  q.  2205.  Seams 

in  the  whuU  of  Derbyshire  worked  op  this  system. 

C  69,  q.  2494. 

Long    Hbdgb,   London,  Chathah,   and  Dover 
Railway  : 

Experiments  on  burmng  small  coel  by  Thomas  Russell 
Crampton.   B  28,  q.  329. 

London  and  North-westshn  Railway  Coupany  : 
Cast-steel  blooms  sapplied  to  them  from  Sheffield.  B  60, 
q.843. 

Long  Lbvbrs  of  Iron  for  lifting  the  Coal: 
Not  used  in  Scotland.   Same  effect  produced  by  long- 
walL  C49,  q.  1391. 

Loss  of  Hiati 
From  coke  ovens.   B  Il>  q.  154, 

LOVILL,  HiNRY  PRISTON  :  . 

Evidence  of.   A  81-83. 

Has  gone  through  ei^pneers'  log  books,  and  made 
extracts  of  the  highest  temperatures  be  could  find. 
Fonnd  the  temperature  higher  in  one  of  two  ships 
than  in  any  other  in  the  fleet.  Went  to  Australia  in 
the  one,  and  came  back  in  the  other.  A  81,  q.  1622. 
Temperature  ranged,  in  those  two  ships,  in  the  stoke 
holes,  from  110°  to  158^  and  from  136°  to  172*  Fahren- 
heit. Particularly  hot  in  the  "  Avoca,"  but  no  firemen 
on  the  sick  list.    A  81-82.  q.  1623. 

The  men  must  breathe  air  of  the  same  temperature  that 
the  thermometers  in  the  stoke  holes  show,  and  must  be 
working  in  that  temperature.  A  82,  q.  1630.  Men 
not  continually  firing.  Come  on  deck  for  fresh  air. 
Remain  in  the  stoke  hole  for  about  10  minutes  or  a 
quarter  of  an  hour,  q.  1631-1635.  Men  four  hours 
on  watch  at  a  time,  and  eight  hours  oS,  q.  ]636-1637> 
Number  occupied  in  the  work  of  the  fires  depends  on 
whether  the  boiler  is  s  difficult  or  an  easy  one  to  get 
np  steam  in:  and  also  on  the  quality  of  the  ccmlL, 
q.  1638. 

Temperature  on  deck  about  80^  or  90^  in  those  cases, 

q.l6S9. 

Has  been  20  years  in  India,  q.  1640.  Highest  shade 
heat  he  has  ever  known  there  from  116°  to  120^, 
diving  the  day,  q.  1641-1644.  Has  had  the  ther- 
mometer st  I  l(r  at  night  on  the  Red  Sea,  in  a  strong 
breese,  off  the  coast  of  Abyssinia,  q.  1644. 

Temperature  of  1 10°  does  not  impose  any  limit  to  labour 
when  there  is  a  fresh  breeze,  q.  1645.  Heat  felt  more 
when  the  bit  is  still  than  if  the  thermometer  were 
10°  degrees  higher  with  a  good  breeze,  q.  1646. 

In  the  Red  Sea  the  moisture  of  the  air  is  very  trifling, 
q.  1647-1649. 

Temperature  of  172°  for  a  continuance  of  five  days  in 
the  stoke  hole  between  Galle  and  King  George's 
Sound.  A  83,  q.  1665-1667.  Stokers  did  not  com- 
plain of  tliis  heat.  Only  one  fireman  siek,  and  from 
other  oaoaes,  q.  1658.  No  difficult  in  carrying  on 
labour,  q.  1669. 

In  Hie  engine  roomi  there  is  always  an  excellent 
drftnfi^^  q.  1665. 

In  a  stoke  hole  t^e  men  get  a  constant  supply  of  air. 
Men  more  likely  to  suffer  from  want  of  motion  in  the 
air  thui  firom  an  incscMe  (tf  temperature,  q.  1668. 

Firemen  on  board  ship  get  constant  relief  by  coming  on 
deck.  In  a  mine  the  men  en  down  fxam  morning 
(ill  night,  q.  1670. 


Lower  Carboniferous  Sedihentary  Bidb  and  the 

Coal  Formation: 
Attain  their  maximum  development  tomrds  the  north- 
west of  England,  and  thin  away  in  tiie  midland  counties 
and  towarcb  tiie  south-eastern  counties.  D  3C,  q.  328. 

Lower  Dofprvn  Colliery: 
Tabular  view  of  experiments  on  tempentim.  A  25. 

Ditto.   A  26. 

Great  deal  of  gas  at  a  greater  depth  than  the  outcrop. 
A  37-38,  q.  598.  Temperature  reduced  by  gas  absorb* 
ing  heat  from  the  air.   A  38,  q.  600-602. 

Lower  Grbensans; 
Thins  away  to  nothing  in  the  Boulonnais  and  at  Calais. 

D21,  q.  291. 

Thickness  of  it  at  various  places  in  England.  Not  fonnd 
in  the  west  uf  England.   D  35,  q.  415. 

Lower  Seams  of  Coal: 
Not  so  hard  to  worii  as  the  shallow  saanu.  A  70,  q.  13^. 

Lowering  the  Pressure  of  the  Air: 
In  a  mine  to  that  which  exists  at  an  Alpine  top  would 
dinumah  the  capacity  of  an  individual  for  work.  A  9^ 
q.  1881. 

LoTT  Pressure  Cylinders  : 

Attached  to  non-condensing  engines.    C  47,  q.  634< 

Low  Moor  Better  Bed.:  ' 
Has  been  extensiveW  worked  in  the  districts  compririog 
Beeston,  Famley,  Bowling,  Low  Moor,  and  Bradford. 
C  91.  Depth  ot  bed  sddom  exceeds  130  yards.  G  92, 
Averages  1  foot  9  inches  tiiiek.  Yield  per  foot  thick 
1,500  tons.   C  92. 

Low  Moor  Company: 
Their  iron  pistes.   B  61,  q.  S47. 

LuNDHiLL  Colliery,  Ydrksuirb  : 
Temperature  of  the  air  in,  in  January  1865.  A  80,  q.  1603. 

LuPTOK,  Arnold  ; 
Evidence  of.   A  16-19. 

Has  expcaunented  in  several  collieries  on  &e  r^o  al 
the  increase  of  temperature  of  the  eartii*s  craat  in 
descending.  A  I7i  q>  219-220.  All  his  experiments 
agree  with  the  permanent  tempemtnre  stated  ^  oUiers, 
vie.  60°,  at  a  depth  of  50  feet  from  the  surfiwe,  q.  221. 

Temperature  in  HneknaJl  Torkbard  colliery,  at  a  depth 
of  about  350  feet  from  the  surface,  was  55°,  equal  to 
an  increase  of  1°  for  every  60  feet  below  a  depth  of  50 
feet,  q.  223.  Temperature  in  borehole,  put  in  the  year 
before,  had  sunk  from  70°  to  59^.  At  Annealey 
collierv,  rate  of  increase  of  temperature  with  depth 
nearly  1°  for  every  60  feet,  q.  225.  At  Denby  colliery, 
rate  of  increase  P  for  every  120  feet,  q-  22/.  Thinks 
that,  owing  to  continual  presence  of  water  in  the  shaft, 
the  experiments  were  not  of  much  value,  q.  229.  Ex- 
periments with  horizontal  boreholes,  q.  230. 

At  the  Swanwick  colliery,  the  rate  of  increase  of  tempera- 
ture with  depth  was  1°  for  every  73  feet,  q.  231.  For 
tlie  last  50  yards  the  temperature  increased  1°  for  every 
60  feet,  q.  232. 

At  the  Newfleld  pit  at  Moira  Colliery  the  rate  of  inoeaae 
was  1^  for  Bveiy  60  fbet,  q:  233. 

Considers  60  feet  a  fttir  inoement  of  dapQx  for  l"  of 
Fahienhnt,  q.  234.  Increase  toler^y  constant  down 
to  a  depth  of  475  yards,  q.  235-236.  Did  not  oiacover 
any  difference  between  the  temperature  of  the  holes  in 
ooal  and  of  those  in  stone,  q.  238. 

.Observations  on  the  temperature  of  the  air  at  various 
depths  at  a  pit  only  just  sunk  at  the  Hueknall  Tork- 
hard  Colhery.  A  17-18,  q.  239.  About  30,000  feet  of 
air  passing  down  the  shalt  A  18,  q,  240.  By  an 
increased  quantity  of  air  a  greaUy  reduced  temperature 
got,  q.  242.  Heating  effect  of  the  men,  lamps,  and 
coal,  q.  244.  Air  passed  800  yards  before  it  arrived 
at  the  maximum  temperature,  q.  245-248. 

Temperature  of  the  return  air  considerably  aifected  by 
the  temperature  of  the  air  at  the  surfhce,  q.  25I-2S3. 
Distance  tiw  air  had  to  run  underground  600  yards, 
q.  254.  Height  of  the  jnt  above  the  level  of  we  sea 
between  200  and  300  f^,  q.  256.  Temperature  (tf  the 
ur  at  the  Kineton  Park  Colliery,  q.  268-260. 

Atbibutes  the  increase  of  the  tempenture  to  the  pressure 
of  the  rocks  above,  q.  261. 

Is  of  opinion  that  the  increase  of  temperature  would  be 
constant  as  the  depth  increased,  q.  2i^-263. 

Would  suppose  it  possible  to  reduce  the  tempemtnre  of 
the  air  to  a  practical  limit  fm  working  <MF  3,000  feet 
Has  made  a  calculation  as  to  the  possibiiity  of  reduciDg 
the  temperature  at  a  depth  of  nearly  10,000  feeU  A 18- 
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LuPTON,  Arnold— eraf. 

19,  q.  264-268-279.  AasumeB  that  the  Twtilation 
ihomd  he  canied  oa  by  an  engine  A  19,  q.  290.  Bj 
Raffidently  powerful  appliances  to  produce  ventilation 
deems  it  practicable  to  muntain  a  disparitj  in  the 
mine  between  the  temperatore  of  the  circautting  air 
and  of  the  mine  itself,  the  temperaturea  being  respec- 
tively 80°  and  212°. 

L.YUB  Rboib  : 
Greatest  thickness  of  the  Lower  Lias  to  be  f[ot  in  the 
West  of  England  at.  D33,q.384. 


M. 

Machine  Firing  : 
Not  found  si^Krior  to  hand  firing.   B  82,  q.  1226. 

Madbly  Court,  Shropbhisk  : 
■  100  yards  left  round  a  bnilding  for  support  of  surflwe. 
C  34,  q.  1000. 

Maumatt,  Edward  : 
Evidence  of.    C  36-41. 

Plan  showing  10  diiferent  systema  of  work  now  in 
practiee  in  the  neighbourhood  of  Bam^e^.  G  35-37. 
Does  not  think  tlut  the  system  of  working  practised 
in  I^cashire  and  Cheshire  could  he  fully  carried  out 
in  South  Yorkshire.    C  38,  q.  106?. 

Large  quantities  of  fire-damp  to  deal  nith,  q.  1069. 
Goafs  lying  in  the  middle  of  tfae  mines  a  great  element 
of  danger,  q.  1070.  Driving  to  the  extremities  woold 
not  guard  aguost  sudden  outbursts  of  gas,  q.  1071- 

Coal,  in  general,  tolerably  hard,  and  stands  dealing  with 
it  in  any  way,  q.  1073. 

Frindpal  season  which  has  prevented  the  South  York- 
shire coal  owners  from  driving  out  to  the  extremities, 
q.  1076-1076.   Driving  double  roads,  q.  107/. 

O^s  Colliery  at  Bamsley  gives  off  a  large  quantity 
of  fire-damp,  q.  1079.  1200  cubic  feet  given  off  per 
minute,  q.  1080.  Avenge  quantity  given  off  from 
500  to  600  cubic  feet  per  minute,  q.  1081.  Old 
workings  filled  with  gas,  q.  1083.  Quantity  feilen 
off  a  little,  q.  1084.  Expansion  and  contraction  of  the 
gas  the  most  delicate  barometer  that  could  be  con- 
structed, q.  1085-1066.  Fire-damp  utilized  at  the 
Oaks  Colhery,  q.  1087.  Would  question  whether 
much  gas  could  be  got  by  bore  holes,  q.  108S. 

Has  made  up  his  mind  from  what  he  nas  seen  as  to 
what  is  the  mont  economical  and  the  best  mode  of 
working,  q.  1069.  A  system  which  answers  well  in 
one  pit  wQl  not  answer  in  another,  q.  1090. 

Impossible  to  guard  against  sudden  outbursts  of  gas, 
q.  1095. 

Impeditnent  to  driving  to  the  extremity  of  the  mine,  the 
uncertunty  of  the  quantity  of  cool  that  may  be 
ultimately' taken.  C  39,  q.  1102.  Driving  to  the 
extremity  might  increase  the  quantity  of  lu^e  coal, 
q.  IIW. 

Greatest  depth  of  the  collieries :  Bamsley  ooal  335  yards ; 
Silkstone  coal  240  yards,  q.  1105. 

Possible  to  come  to  a  depth  that  would  render  it  im- 
praetaeable  to  work  the  coal  in  a  marketable  state, 
q.  1108.  Width  of  the  face  where  the  woriiinga  are 
going  on,  q.  1110-1112. 

Crushing  prevented  by  economizing  pit-room,  q.  1113. 

Men  would  not  work  if  they  were  doubled.  Like  to 
have  plenty  of  room,  q.  1114-1117- 

Produce  of  coal  per  foot  per  acre,  q.  1118.  Large  coal 
and  slack,  q.  1 119-1 120.  Certain  amount  of  sale  for 
ib»  slack,  q.  1121.  All  the  small  coal  bronght  to 
bank  sold,  q.  1122.  82  per  cent,  of  coal  got;  18  per 
cent,  covers  all  the  waste,  q.  1123-1127.  16  per  cent, 
of  ^ack  tlirown  back  in  the  goflf,  q.  1128. 

"So  barriers  left  against  water,  q.  1129.  40  w  50  yards 
of  barrier  left  betvreen  one  colliery  and  another, 
q.  1130-1132. 

Yield  per  acre.   A  39-40,  q.  1133.   WoTl(ing  out  the 

pillars.   C  40,  q.  1135.   "Smudge"  when  washed 

makes  first  rate  coke,  q.  1137, 
Highest  quantity  of  coal  that  has  been  got  over  a  seriei 

of  workings,  1417  tons  per  foot  per  acre,  q.  1417. 
Most  profitable  seams  worked  first,  q,  1 142.    Does  not 

think  that  the  upper  seams  will  be  damaged  by  the 

lower  ones  being  worked  first,  q.  1147-1148. 
Coal  left  for  pillars  for  the  support  of  the  surface  varies 

in  the  district  accorcUng  to  the  d^th  nd  nature  t}f 

the  buildings,  q.  1149-1159. 


18488.      YOL.  n. 


Mamwatt,  John  E.  : 

Evidence  of.   0  91-96. 

Canister  coals  worked  fire  or  biz  miles  north  of  Halifax 
through  Huddersfield.  Coking  coal  of  good  quality 
at  HaUfiu ;  inferior  at  Huddersfield.  Thickness  of  the 
soft  coal.  System  of  working.  Thickness  of  the  hard 
bed.  40  yards  solid  all  round  left  under  buildings  at 
70  yards  depth.    Low  Moor  Better  bed.  C91. 

Dept&  to  the  Better  bed.  General  dip  of  the  seams. 
Section  of  the  Black  bed  and  ironstone.  Average 
tUckness  of  the  Better  bed.  Hiickness  of  the  Black 
bed  near  Leeds.   Crow  coal.    G  92.  * 

Beeston  coal.  Manner  of  working  it.  Quality  of  the 
coal  lying  under  the  Magnesian  Lmestone  much  in- 
ferior to  that  tying  to  the  west.  Coal  worked  in 
**  sets.**  Thin  coal  (^eAy  used  f(»  smdting  iron. 
Chnrwell  tiiiek  coal.  Section  of  it.  Dip  three  indies 
to  the  yard.  Cromwell,  New  Hards,  or  Middleton 
Mun  coaL  Maimer  of  woridng  it  in  the  Mariqr 
district.   G  93. 

Manner  of  working  the  Stone  coal.  Black  bed,  little 
coal,  and  Mun  coat,  in  the  Marl^,  Gilderstone,  and 
Adwalton  districts.    C  94. 

Yield  of  the  main  coal  at  Middleton,  1330  tons  per  foot 
per  acre.  Thickness  of  the  coal  north  of  Middleton ; 
in  the  Birstal,  Gomersall,  and  Heckmondwike  dis- 
tricts. System  of  working.  Yield  per  foot  1300  tons. 
Middleton  Little  coal.  Manner  of  working.  Section. 
Yield  per  foot  1100  tons.  Yield  per  foot  at  MorlOT' 
1.470  tons,  I'hickness  at  Waterloo.  Section  at  Mid- 
dleton. Adwalton  Black  bed  and  Stone  coal.  Section  ' 
of  the  Stone  coal  at  Morley.  Thickness  of  the  ooal 
at  Birstal.  Black  bed  section  at  Morley.  Coal  left 
for  support  of  buildings.  Seams  produce  gas ;  Main 
corI  more  than  othera.   C  96. 

List  of  coals  referred  to.   C  96. 

Manchrstbr  Goalpield  : 

In  the  district  north-west  of  Manchester  no  coal  wrought 
under  two  feet  thickness.  C  3,  q.  14.  Of  very  great 
thickness  in  the  neighbourhood  of  Manchester.  Its 
thickness  not  less  than  about  6600  feet  from  the  top- 
most known  strata  of  coal-^neasnies  down  to  the 
millstone  grit.   D  70, 604, 


Map: 
By  Mr.  Hill. 


D  78. 


Maps: 
Produced  by  Mr.  Stanford. 


D  96-97. 


Maps,  Srctions,  and  Mbuoirs  of  the  Geological 

■SURVBT: 

Bearing  on  the  coalfields  of  Great  Britain.   P  3. 

Marlstonb  : 
Thickness  of,  veiy  variable,   D  34,  q.  391. 

Mass  : 

Of  a  black  substance  discovered  in  a  certain  tunnel  out 
through  the  chalk  for  the  London,  Chatham,  and 
Dover  Railway  line.   D  22,  q.  295. 

Mauci^line  : 

Red  rocks  rest  directly  uponthe  Carboniferous  lime- 
stone series  to  the  north*east  of.  D  19,  q,  72S. 

Mauds  LAY : 

Arrangement  of  four  cylinders  in  engine.  Smaller 
cylinder  partly  sunk  into  the  larger  cylinder.  B  56, 
p.  783. 

Maximum  op  Economy  : 
Not  arrived  at,  in  the  oonsumption  of  ooal.   fi  48, 
q.662. 

Manual  Stoking  : 
To  he  superseded  by  mwAanioal  amngements.  B  77« 
q.  1121. 

Mangbrstrr  SroAtt  UsBRa'  Association  ; 
B  79>  q.  1165. 

Matthbws,  Wiluax  t 
His  opini<m  fevonraUe  to  tiie  introduction  of  SHememr 
prooesB.  B  27. 

Mbchanical  Appliancrs: 
Hewing  could  be  done  by.  A  46,  q.  832.  ' 

Mbchanical  Gratbs  : 
Which  diminish  loss  of  fluL  Bfi9.  FbetsystemitMify 
fed  in  them,  q.  64.    Cona^anble  s»W  of  Am 
effected,  q, 56.  .  -    ^'^ "' 
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Mkchahical  Stoking  Arbangbhx^t  : 
ItB  importance.   A  72>  q.  1034. 

MECHANICAL  Ventilation  : 
To  withdraw  the  air.  A  33,  q.  4&9.  Improving  mecha- 
nical ventilation.  A  35,  q.  639.  Involves  an  increase 
of  ezpenAe  in  the  first  jiutaiice,  q.  540.  Maintenance 
of  mechanical  ventilation  cheaper  than  that  of  ventila- 
tion hj  fomace,  q.  541.  Mnch  safer  than  ventilation 
by  furnace.  A39,  q.  631.  Ventilation  by  mechanical 
.means  can  be  increased  almost  to  any  extent,  ^.  634. 
Much  leas  coal  used  and  a  larger  quahtily  of  but  got, 
q.  635.    Small  coal  only  used,  q.  636. 

Mechanical  Methods  : 
Of  hewing  coal.    See  Coal-hewing  machines. 

Mextinob.        Attendance.  Coumittrb,  General. 

NUMBERS,  &c.' 

Wnmber  of,  Gen.  13.   F  12.  A  19.  B  Ui.  C  14.  D  16. 
E  5.    Maps  2, 

Mw.^ouBNB  Mint  in  Austbai^ia  : 
Engines  made  for.   B  74,  q.  1069. 

MxLTU^G  Pojnt; 
MeUiiBby  point  in  reverberating  Wnaces. 
SemanU'  at  the  some  point  by  using  the  same  class  ot 
•      ooaL   B  30,  q,  364.   The  ifSculty  of"  worjdng  a  re- 
verbeiatuy  furnace  is  to  get  the  meltiiig  pomt  at  the 
xightp<HQt,  q,  367. 

McLTON  Field  Coal: 
Worked  on  the  old  YoricBhin  system.    C  37,  q-  1064. 

MxHBKBS  of  CoHHiTTXx  A,  liist  of.  With  the  pages  at 

whfch  their  names  occur.  . 
Sir  William  G.  Airostrong,  C.B.   A  1-^  10-fi9,  31-49, 

61-63,  56-59,  61-68,  70-78,  80-92. 
Thomas  Emenon  Forster,  Esq.   A  1,  2,  4,  6,  7,  8,  II. 

44,  47.  48.  5.3.  .17.  63,  71- 
Josepli  Lli.  kiijsoji,  \Uq.    A  1-2,6-8,  H-20,  22-30,  32, 
-14.  47  -1^,  .^,0-52,  56-58,  60-61,  63-64,  65-68, 
.    7U.J-2.  -i^fi'J.     -S>8,  91-92,  95, 

John  Th-jinri^  Wiiotlhouse,  Esq.    A  1-4,  7,  12,  14,  15, 

-24.  1 1 ,  67,  68.  70-71,  73-74, 79-80. 

(ieor^e  Kiii^t,  hwu    A  1,  12,  18,  21,  24,  25,  27,  29,  31, 


,  46-47. 


38,  41,  43,  44 

Members  of  Cohhittbb  B,  List  of,  with  the  pages  at 

which  their  names  occur. 
Heniy  Huasey  Vivian,  Esq.,  M.F.   B  1-2,  4-9,  11-15, 

22-24,  29-32,  46-47.  49,  51-52.  54-S5,  67-59,  61-64. 

68,  70,  76,  78,  80,  82,  83,  87. 
John  Percy,  Esq.,  M.D.    B  1-2,  7,  10-14. 
George  Thomas  Clark,  Esq.   B  1-3,  10,  32,  35,  36-40, 

61-53,  56. 

John  Hartley,  Esq.  B  1,  2,  15.  21-24,  26,  28,  30,  70. 
71-78,80-81. 

Robert  Hunt,  Esq.  B  1-3,  7,  9,  10.  14-16,  21-26,  27, 
39-44,  46.  4&^.;65.  67-^.  61-66.  67-68.  70-82. 
84-87. 

Ubhbbrs  of  Committee  C.  List  of,  witii  Hie  pages  whoe 
their  names  occur. 
Joseph  Dickinson.  Esq.    C  1-3,  6-8,  10-12,  14-23, 
.    2Jh-3^,  38-41.  43-44,  46-65,  67-70.  73-74,  77-6l,  83, 

86,  87,  89,  91. 
TluHnaa  Emerson  Forster,  Esq.  C  1-9. 
John  Thomas  Woodhouse.  Esq.    C  1-7. 10-12, 14-15, 
.  21-23. 25. 28,  30,  54,56-60,  64,  67,  70.  73,  83, 

John'Geddes,  Esq.   C  1-6.  9-12.  14-21,  23-24.  26-29. 

31-35.  36,  38^1.  43-44,  45-49,  51-5^  53-60.  62-64, 

67-70,  73-76,  78-81,  86-87.  89,  91. 
<Sec»ge  BUiot,  Esq.   C  1-2,  4-8. 

Members  of  Committee  D,  List  of,  with  the  pages 

irlme  their  names  occur. 
.  Sir  Rodariok  Mmchison.   D  1-10. 12-26,  27-28, 30-36. 

61,  64,  68,  61-62,  65-66,  69,  71,  74-76.  78. 80-84;  86, 

88.  89^,  96-96. 
Andrew  Oombie  Bamsay,  Esq.    D  1-6,  8-9, 12-13, 16, 

18-21.  23,  26.  26.  31-36,  61,  64.  67-66,  66-66, 

69-72.  74-76, 96-97. 
-JoBCfihBeete  Jukes,  Esq.   D  1-2. 
Joseph  Fiestwich,  Esq.   D  1-4,  7-131,  16-22,  24^-26, 

3^54,  36-37,  51-^  64-66.  57-59,  61-62,  64-66, 

67,69-74,  76.96. 

ohn  Thomas  Woodhonse^  Esq.   D  1-3,  8-^,.  1 1-12. 17. 

21-22,  24-25,  30-31.  36-37,  61,  63-56,  61-66,  68-76, 

82,  88,  91-92,  95-96. 
•^IMpti^DwilatMftt,  ^   D  l-4,6,  e-9, 1M2;17'-18, 
: :  «l-22,  24, 30r31,  B8^  61-66,  68-76^  82, 

88.90-82,96-56.  ^  ...CV-'  • 


Mbmbbbs  of  Comhittxb  D.— eoEf.'  ' 
George  Elliot,  Esiq.  D  l-3i 
Heniy  Huas^  Vivim,  Esq.   D  1-^.  96. 
Joseph  Dickinson.  Esq. 

Members  or  Committer  E.    1.  Sir  Roderick  J.  Hnr- 
cfaisoa,  Bart.   2.  Eobert  Hunt,  Esq.,  F.R.S.,  &o. 
For  tile  proceedings,  we  nport.  &o.  s^amtdy  pimted. 

Mbmbbbs  of  the  Commishiok,  List  o(  wtUi  tiw  pagfs  at 
which  thdr  names  oocnr  in  "  Genezal  BBsiness." 
Geotge  Douglas.  Doke  of  ArgylL   F  6,  21,  22,  23.  24, 
26, 27, 29,  34,  36, 42.  43. 4^  48. 60, 62. 63.  59, 62, 66, 

68. 

Sir  Roderick  J.  Murchison.  .  P  3,  4.  6,  14.  18,  19, 24, 

26,  27.  28.  50.  53,  65,  58,  62. 

Sir  William  George  Aimstnng.    P  3,  18,  20.  24,  27, 

50, 52, 62,  70,  71,  72, 73,  74,  75. 
Henry  Husiey  Vivian,  Esq.   P  3,  4,  6,  14,  18.  34;  26» 

27.  29,  62,  53.  65,  69,  G3, 67. 

Geoige  Thomas  CUrk,  Esq.   F  3,  4,  6,  14,  16,  19.  27. 

29,  52.  55.  59,  62.  67. 
Joseph  Dickinson,  Esq.   P  3.  4,  6.  14.  18,  20,  34,  26> 

27,  30,  46,  50, 52,  53,  65.  68, 62.  67. 
George  Elliot,  Esq.   F  4.  6,  8, 14, 30,  32, 37.  60, 62. 53, 

66.  66,  62. 

TlKBnas  Emerson  Fonter,  Esq.   P  4,  14. 17,  30, 47, 60, 

62,66,62. 

John  Geddes,  Esq.  P  3,  4,  6,  U,  16, 1 9,  34, 26. 35,'  47. 
60,52,68,62.  : 

Robert  Hunt,  Esq.  P  3,  14.  34,  26, 37,  «)b  46, 47.  fiOL 
62,63,66,62,67. 

JoBwh  Beete  Jnkes,  Esq.  P  4,  6, 14. 16, 19. 34, 26, 28, 
36,  63,  58,  deceased. 

Jchn  Hartley,  Esq.  P  3.  4,  8. 14, 17, 19, 20. 34. 26. 2?, 
32.  60.  52,  56,  62,  67. 

John  Perc^,  Esq..  M.D.   P  6, 34. 27,  S2,  62. 

Joseph  Prestwich.  Esq.  P  3, 4,  17,  34,  28,  36,  37, 46, 
4;;  50,  53,  68,  67. 

Andrew  Crombie  Ramsay,  Esq.  P  3,  6,  24,  26,  26,  27, 
40,  60,  63.  62.  67,  70,  71,  72,  73,  74,  76. 

John  Thomas  W.  Woodhouse,  Esq.  P  3,  4,  6,  14, 16, 
19,  20,  24,  25,  26,  33.  50,  52,  53,  56,  57,  62,67. 70,  71. 
72.  73,  74.  76. 

See  Members  of  Committee  A.  Stc,  Members  of  the  Com- 
mission whose  names  occur  in  the  proceedings  of 

■  committees  of  which  they  are  not  members,  and  Atten- 
dance of  Members. 

Mbhbbrs  of  the  CoMMissioff  whose  names  occur  in  the 
prooeedings  of  committees  of  which  the^  an  not  them- 
selves members.  List  of,  with  the  pages  at  iridoh  their 
names  are  found  : 

Duke  of  Argyll.   A2,  6,8,  81.   D  2. 

Sir  Roderick  Murchison.    C  2. 

Sir  WilUam  G.  Annstroog.   B  6-9,  11-14,  20,  29,  30. 

32,  34-51,  70.    C  1-5,  8-11, 14-21.  30,  33,  38-41, 

44-46,49,51,70,72-74,78-81.   D  1-2. 
Henry  Hussey  Vivian,  Esquire.   A  34-40L  63,  65-57, 

69,  61,  65-68.  71,  87-90.  92-93. 
George  Thomas  Clark,  Esquire.   A  63.  67,  81, 83-64, 

89.    C  2,  4-11.   Dl,  69,  76,  96. 
loseph  Dickinson.  Esquire.   B  1-2,  15,  22-25,  29.  31. 
,   32.  35-38,  40-11,  45-47,  49,  61-62.  68-69,  64-65, 

70-71,  75,  83-84,  87. 
Geoige  EUiot,  Esquire.  B  15, 24, 26. 
Thomas  Em«noii  Forster.  Baqiure.   B  1,  16.  21-22. 

D2. 

John  Geddes,  Esquire.  A  12,  20,  22,  24,  31,  37,  63, 
63.  66-67,  70-75,  79,  81,  83,  87,  96.  B  1,  2,  8, 16, 
21,  31.  32.  36,  37,  41,  44, 48,  51,  62,  67.  68,  69.  70, 
82,  86,  87.  D  3-6,  11-13,  22,  26,  32-33,  61,  63, 66, 
68-59,  61,  64,  69-70,  72-73.  76,  90,  96i  . 

Robert  Hunt.  Esquire.  A  63.  66,  71.  73.  C£4.66«67. 
D  2,  3,  4,  12,  76,  96,  97. 

John  Hartley,  Esquire.   A  20.  C2,4,6. 

John  Percy,  Esquire,  M.D.  D  2. 

Mbmbbbs  of  the  Committb  on  Mapai 
Professor  Ramsay,  p.  D  96,  98. 
Mr.  Prestmch.   D  96,  98. 

Mbhbebb  of  Committee  F.  Reporters: 
Sip.  W;  Arhistrong.  "  P.  70  to  76. 
Professor  Ramsay,    P.  70  to  75. 
Mr.  Woodhouse.   P.  70  to  76. 

Ubh: 

W«riangiiilh1iw«em|ienitafeBt«0^.  A66,q.  1300. 
Can  stand  a  highw  tempenturt  than  the  kNKv.hBiudi. 

A  90,  q.  18^. 
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•  Evidence  of.   B  7-10.  *  ■  " 

Has  been  26  jean  connected  with  iron-making.  B  7, 
q.  91.  Haa  managed  the  Dowlaw  Ironworks  since 
1856.  q.  92.  Paper  sent  to  Mr.  Clark.  Smallest 
quantijhr  of  coal  ever  used  to  produce  a  tbntrf  pig 
iron  wewtB^  q.  99.  White  iimi  can  be  made  at  a 
lower  yidd  of  ooal  than  grqr.  Greater  dianeei  erf 
inegiilarity  in  vorkinff  i  {tamace  on  white  inm,  q.  94. 

States  tbat  the  economiol  working  of  a  furoaee  depends 
mostly  ttpon  four  coftcfitionft :  capadtr,  shape,  suf^ljr 
of  blast,  and  temperature  of  bbut ;  toat  tnere  can  be 
no  doubt  that  the  higho  the  temperature  is  the  less 
ftiel  wiil  be  used  in  the  fhmace ;  that  attention  has 
been  directed  at  Dowlais  to  make  the  'small  cool  take 
place  of  the  lai^e  in  pudding.   B  7-^)  q-  95. 

Average  quantiW  of  coal  used  in  the  South  Wales 
works  to  produce  a  ton  of  puddled  .ban,  ttom  17  to 
2U  cwts.  Little  done  in  the  South  Wales  district  to 
utilize  the  waste  heat  of  the  puddling  and  heating 
furnaces.  The  waste  be&t  of  puddfing  and  mill 
furnaces  amply  sufficient  to  produce  all  the  steam 
required.  A  million  tons  of  coals  used  vearly  for  the 
pvoduotion  of  steam  in  forges  and  mills  in  South 
Wales  which  might  be  saved.  By  the  apjdication  of 
the  fan  blast,  small  coal  can  be  used  enttrelr.  B  8, 
q.  97.  The  large  quantity  of  ooke  wfaiw  drops 
tnroagh  tte  bars  onegreat  sonroeof  waste  fton  uring 
fuel  in  a  st^  stBte^  Impossible  at  present  to  estimate 
the  full  value  of  the  regenerative  furnace  and  gas  fuel. 

Is  inclined  to  belieYe  that  it  will  produce  a  revolution 
in  the  method  of  treating  iron,  in  its  conversion  from 
puddled  bars  to  finished  iron  -especially.  Saving  ai 
fuel  which  he  thinks  it  would  not  be  unreasonabu  to 
expect  from  improvsments  in  the  manufacture  of  iron 
in  the  South  Wales  district    B  8-9.  q.  98. 

Has  no  hesitation  in  saying  that  20  per  cent,  of  the  ftiel 
might  be  saved  in  the  mijls  and  forges  of  the  South 
Wales  district  bf  improved  methods.  B  9,  q.  lOt. 
Would  save  fael  Ity  Hiomens*  plan.  Present  plan  of 
burning  ftiel  very  hoi'barous,  q.  102.  More  perfect 
combustion  got  in  the  furnace  by  Mr.  Siemens*  plan, 
q.  103.  Blast  furnace  gases  applied  to  the  forges  and 
mills  at  Dowlais,  q.  lOB.  The  further  blast  fiiraace 
improvemeot  goes  on  the  less  waste  gas  will  tiiere  be. 
q.  112.  No  practical  ^fiteolty  in  applying  the  beat 
of  coke  ovens,  q.  113-114. 

Statement  with  regard  to  experiment  at  Ynyaoedwyn  by 
Mr.  Ssmuel  Blackwen.   B  9-10,  q.  119-133. 

Furnaces  work  worse  in  wet  than  in  dry  weatfaer.  B  10, 
q.  128. 

Mmsby  FoftOB  : 
Consumption  of  fuel  at,  in  the  r^neratiTe  ftunaoe,  6} 
owt.  per  ton  of  iron.   B  36,  q.  427, 

MetaIiLuroy  : 
Varions  branohes  of.   B  20,  q.  244. 
Eotaomj  of  coal  in  reference  thereto.   About  3^  tons  of 

Qoal  nquired  fyt  the  fusion  of  a  single  ton  of  steeL 

B  69,  q.  829. 

MiDDLETON  Little  Coal: 
**  Hard  band "  lying  100  feet  above  the  Mwn  coal. 
C96. 

MiDDLBTOK  Main  Coal  : 
Has  been  worked  -ow  a  laiga  area  of  oountry.   0  93. 
Worked  in" sets:"  G94. 

MiCBBLL  AND  JiNKIK,  BjIDBDTH  : 

State  Aat  the  coal  used  in  tiie  mines  of  ComwaU  is,  as 

a  rule,  inferior.   B  52. 

M1LLBR8  Works,  Gi.aboow  : 
Dead  oils  from  the  neighbouring  gaaw<^cs  used.   B  50, 
q.  703. 

MfLLBTONB  GniT : 

&oppiQg  to  the  soiftee  between  Atherstone  and 

Nuneaton.    D  57,  q.  529. 

MiMnaa  Association  of  Great  Britain.    B  65, 
q.914.- 

MiNiNG  Districts  or  Cornwall  and  Dkton  : 
Mean  tempflmtnias  of,  at  nearly  oonespraoing  depths. 

A  105. 

Mining  Institutk  at  Nbwcastlb  : 
SuitaUa  local  (Jepositanr  for  the  records  of  ooal  wqric- 
ings.   C  69,  q.  1748,  q.  1752. 


Mindtrs  OP  thb  Commission.   P.  1-60  i     '  > 

Minutes  of  Committee  A.  A  1,  2, 3, 12,  20,  24, 26,  41. 

6^63,71,81.  ■  • 

Minutes  of  Committee  B.  B  1, 2, 15,  16,  82,  52,  70. 

Minutes  of  Committee  C.  C  1,  2,  3, 11,  21,  41,  54;  70. 

Minutes  of  Committee  D.  D  1, 2,  3, 12,  25,  31, 68,  61. 

76,  77,  78.  96,  97.  ,    .    ,«o.  . 

Moddjersuall  Oaks  : 
Toiranis  it  the  new  red  Hands  tone  and  marl  lie  in  the 
form  of  a  broad  synclinal  curve.   D  67,  q«  699. 

MoiRA  COLLIBHIES  : 

Experiments  on  the  ratio  of  increase  of  the  temperature 
of  the  earth's  crust  in  descending  at  the  Newfield  oiL 
A  1;.  q.  233. 

MoNDORFF   Artbsian  Wbll,   Grand   Duchv  or 

LuXBUBURO : 

Increase  of  temperature  with  depth*  I*'  F.  f(«:  about  57 
feet.  A  10. 

Monkbridob  Iron  Works  : 
An  increase  of  5  per  cent,  obtained  over  several  months 
working.    B  35,  q.  413-414. 

Monkwxarhooth  Collikry  : 
PieofosBor  John  Phillips'  experiment  on  the  rate  of 

increase  of  temperature  with  depth.   These  irave'  1° 

for  5,936  feet.    A  6,  q.  51. 
Reference  to  Professor  Phillips'  statement  with  regard  to 

increase  of  temperature  with  depth.    A  8,  q.  94. 

A  10. 

Depth  nearly  1,800  feet  below  the  level  of  the  sea.  A  29, 
q.  437.  Temperature  at  the  bottom  about  78°.  Top 
of  the  pit  nearly  on  the  level  of  the  sea,  q.  442. 

Steady  increase  of  temperature  with  depth,  something 
hke  the  rate  found  at  this  colliery.   A  32,  q.  468. 

Pnuiticable  to  reduce  the  existing  temperature  by  in- 
<a«aring  the  quantity  of  air.  q.  4/3.    Not  about 
limit  of  practicalde  working,  q.  477.    Men  do  not 
work  as  long  as  at  other  colheries.  q.  478,  . , 

Coal  easy  to  work  in  all  the  deeu  pits,  q.  479. .  Cost  of 
getting  the  coal  not  greater  than  in  other  ooDunies, 
q.  461.  Cost  would  be  greater  were  not  the  ocal 
easier  to  work,  q.  482.  Heat  most  uniform  and 
pleasant^  q.  486. 

The  working  of  the  coal,  from  its  softness,  does  not  take 
half  as  much  labour  as  in  other  places,  q.  487^-486. 
Natun^  heat  of  the  place  inducing  a  natunl  ventilj^ 
tion.  A  33,  q.  489.  Temperature  'higher'  ih  the 
return,  q.  490.  Decrease  of  temperature  experienoed 
where  the  ventilation  is  greatest,  q.  491-493.  '  Coal 
could  be  worked  at. from  15  to  20  per  cent,  less  were 
it  at  a  depth  of  50  or  60  fathoms,  instead  of  being  at 
a  depth  of  260  fathoms.  A  34,  q.  524.  Working  of 
the  colliery  crip^ed  by  means  of  increased  heat  to  tiw 
extent  of  man  la  to  20  per  cent.,  q.  526.  ' 

QuantitT  of  gas,  small  at  great  depUi^  q,  527- , 
Increase  of  expense  of  woridng  wUh  depth  in  ■  oon- 
a^nance  at  inorease  of  tempoature.  A  36^  q.  630- 

Worked  with  naked  Ugtits  at  a  depth  of  1 JTOO  «r  1 JOO 

feet.    A  36,  q.  577. 
Working  isolated  from  any  othor  wo^dog.    k  37, 

q.  589. 

No  aimreciablie  vanajiion  in  the  tempraaturs  for  several 

years.   A  38,  q.  605-606. 
C<m1  won  at  great  depths  by  engine  pianes  driven  on 

the  seam.   A  39,  q.  624. 
Introduction  of  iron  and  steel  wire  ropes.   A  39,.  q.  642. 
Observations  taken  at.   A  47,  q.  865.  .  .. 

Its  temperature  compared  with  that  of  the  CauneLMine, 

RoselMge  CollicFy.  .  A  67,  q.  1271-lS72.  . 
Pillar  and  stall  system  practised  for  the  last  25  veaa. 

C  6,  q.  145.  i 

Mont  Cknis  Tunnkl: 
Tcmpentnre  in,  A  101-102. 

.MORLANO  LumTOMB: 

Forms  the  western  boundary  of  the  Pmuan  xock  from 
Mwtand  to  the  m^bpimiood  of  Fbiritk  .feorplish 
Grit  overlying  it  n^h-wBst  fioDk  thoEamoufcf  DIOS. 
CarboniMous  limestone  on  Hi  horison.  D  101 


Mostvn  : 

Coal  at. 


C22,  q..628. 


Mostth  Collirrty  : 
Sysliktt  of  workingtiw  tMtt.   C  66,  q.  1909.  ■  f 
Bound  by  lease  to  leave  half  ,  the  ooai.   C66,q^  1923* 
Boring  beyraid  Mostru^  q.  1994.   Lowqr  seapL  b^«d 
through  the  Mos^  Canal,  q.  1927.  • 
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MOBTTH,  IjOKD  : 

Bndenoe  of.   C  22-23. 

One  half  the  ooal  left  to  suppni  surfkce  under  ttft  es- 
tuary  of  the  Dee.  C  22,  q.  629.  Some  of  the  seama 
very  valuable,  q.  632.  Great  caution  should  be  exer- 
cised with  reference  to  the  removal  of  coal  under 
high-water  mark,  q.  636,  Slip  of  water  which  inter- 
rtipted  the  works  lor  a  considerable  time,  q.  636-637. 
Extract  from  a  report  of  Mr.  Tolson  White,  q.  644. 
Explorations  at  Park  Gate,  q.  646.  Amount  of  100,000 
tons  of  co^  a  year  left  waste.  C  23,  q.  652.  So  la^e 
a  proportion  left  from  an  apprehennon  of  the  water  of 
the  river  bre^ng  in,  q.  6o3. 

Motion  j 

Imparted  to  a  saturated  atmosphere  lenders  it  endurable. 
A86,q.  173»-1734. 

Mountain  Limestone  : 
■  Between  Flechenelle  md  Calus.   D  22. 

UouNTAiN  Mink  : 
Its  coal  good  coking  coal.   C  5,  q.  84. 

Mull  : 

Sennl  Beams  of  coal  in.  D  90,  q.  725.  ■ 

MmtoBisoK,  Sib  Rodeeice  Impky  ; 
Evidence  of.   D  22^25. 

In  tiiose  parts  of  the  South-west  of  Eiwland  and  Wales 
where  cmI  fields  exist,  there  is  no  evidence  of  any  coal 
being  subordinate  to  the  Mountain  Limestone  or  Mill- 
stone Grit.  Does  not  believe  that  any  productive  coal 
can  be  found  under  any  portion  of  Sussex,  Kent, 
Middlesex,  or  the  adjacent  tracts.  D  22.  It  appears 
to  him,  that  Mr.  Austen  has  much  strengthened  the 
evidence  against  the  productive  character  of  any  hypo- 
thetical coalfield -existing  in  the  south  of  England. 
High  improbability  of  finding  productive  coal  under 
the  secondary  rocks  of  Dorset,  Wilts,  and  Hants. 
Coal  growths,  from  their  very  nature,  must  have  beoi 
formed  in  separate  lagoons. 

Absolute  knowledge,  as  obtained  upon  the  west  coast 
of  France,  and  at  Harwich  in  East  of  Engluid,  where 
jounger  secondary  rocks  rest  at  once  on  rocks  older 
tiian  the  coal,  is  veiy  much  against  the  hypothesis  of 
any  rol  coalfield  being  found  in  the  eastern  and 
southern  counties  of  England,  q.  309.  On  the  south 
nde  of  the  Mendip  Hills  a  flap  of  the  great  coal-field, 
which  has  turned  over,  maj  be  expected.  D  24, 
q.  310.  Knows  of  no  coalfield  in  Europe  which  is 
worked,  either  through  younger  rocks,  or  which  comes 
more  or  less  to  the  sarfoce,  which  has  not  been  traced 
to  an  outcrop  of  the  coal  beds  or  older  rocks  under^ 
neath,  q.  314.  The  thin  coal  of  the  Boulonnais  in  the 
carboniferous  limestone.'which,  in  all  the  south-western 
parts  of  England  and  Wales  where  coal  fields  exist, 
never  contains  coaL  D  25,  q.  317. 

MUBBAT,  ThOHAR  TSOM P80N  : 

Evidence  of.   A  74-76. 

Baa  been  aerving  in  the  tropics  in  three  different 
ships  in  the  navy. '  A  74,  ().  1469.  Highest  tempera- 
tare  which  he  has  known  in  stoke-holes,  187  degrees, 
q.  1471.  Ordinary  temperature  in  tropical  r^ions, 
135  or  137  degrees,  q.  14/3.  Nearly  two  thirds  of  the 
original  number  of  stokers  in  the  Basilisk  invidided 
in  consequence  of  the  excess  of  temperature,  q.  1475. 
Stokers  eventually  had  the  most  healthy  men  in  the 
ship,  q.  1476.  Highest  temperature  consistent  with 
the  health  of  ordinary  men  not  above  120°,  q.  1477. 
Thinks  that  they  can  bear  a  temperature  of  12C^'  with 
impunity,  q.  1478.  Amount  of  labour  veiy  great, 
q.  1479.  Beheves  that  the  men  could  have  worked 
well  in  a  temperature  of  200°  if  they  had  a  current  of 
ur  in  which  th^  could  have  breathed  freely.  A  76, 
q.  1480.  Believes  tiiat  a  man  could  perform  an  or- 
dinaiy  day's  work  in  a  tempemtnre  of  200°  if  he  had 
fresh  vae,  1481.  Stokers  on  duty  for  four  hours  out 
of  die  tirelve,  q.  1482.  They  are  very  nearly"  con- 
stantly at  wotk,  q.  1484.  The  health  cMf  the  men 
dependBuponmanythingsbeside8temperature,q.  1486. 
Would  anticipate  considerable  invaliding  of  the  men 
were  the  temperature  in  the  stoke  hole  considerably 
above  120^,  q.  1487-  In  the  tropics  the  wr  becomes, 
sometimes,  perfectly  stagnant,  q.  1488.  A  current  of 
air  at  90°  coming  down  felt  very  refreshing,  q.  1489. 
The  men  get  into  the  current  of  air  when  they  have 
an  opportunity,  q.  1495.  When  the  air  was  stagnant 
the  men  seemea  to  feel  it  very  much,  q.  1496.  No 
obstacle  to  the  good  health  of  the  men  w<a>king  when 
the  tempentnre  wia  up  to  100^  under  a  single  amiiiur. 
q.  1498.  ^ 


MdBBAT,  'I'HOHAB  ThOHPIOH— COBf. 

Has  had  experience  of  a  hot  wind  at  Malta  and  at  Us- 
bon,  q.  1499.   At  Malta  it  was  aboni  95°  and  st 

Lisbon  100°  q.  1500. 
Would  not  apprehend  much  inconvenience  from  the 
wind,  were  it  heated  to  100°,  if  the  current  were  not 
great,  q.  1503.  Would  prefer  a  moderate  wind  at  120**. 
A  76,  q.  1504.  Certain  parts  of  the  stoke-hole 
occupied  by  cooler  air  which  the  men  can  get  into, 
q.  1509. 

Highest  temperature  he  has  known  in  the  sun,  150^, 
q.  1512..  Negroes  can  move  about  in  this  tempaature 
with  impunity,  q.  1513. 

MUBTON  CoLLIKBY  : 

Observations  taken  at.  A  47,  q.  855.  Good  ventilating 
furnace  at,  q.  882. 

MusBUH  OF  Pbactical  Geologt  :  See  Lbttbu. 

Mymyddvbllwvm  Sbah  : 
Praotieally  aU  worked.   C  19,  q.  544. 


N. 

Narrow  Wickkt  system  of  working : 
DurlKw  seam,  Henwell  Cdlieiy,  worked  bj  it  C  65, 
q.  1908.    Used  in  the  Mostyn  Collieiy,  ^,1909. 

Nbston  Colliery,  Cheshire: 
Flan  showing  system  on  which  it  was  worked.  C  €1. 
q.  1802. 

Sold  and  never  revived.   C,  ^  q.  1826. 

Ness  Collibby: 
Given^  becuue  presumed  to  be  exhausted.   C  62, 

Nbwbattlb  Colliery,  Midlothian  : 

Seams  worked  in.    C  41,  q.  1164. 

Systemof  worlung,long-wall,q.ll68-1169.  Goal  worked 
aw^  from  the  shafts,  q-  1170.  Whole  of  the  coal 
that  can  be  gott^un  ont  up  to  the  very  roof,  q,  1172- 
1173.  Widths  of  the  fcoes  for  the  working  14  yards 
each,  q.  1174.   Section  of  the  coalfield.   C  42. 

Gob  roads.  C  42,  q.  1180.  Nine  places  of  work  in 
each  level  on  the  ave:age,  \.  1183-1 187.  No  diffi- 
cullT  in  keeping  open  the  level  with  roads  as  the 
woncings  advance  to  a  considerable  distances  q.  1188. 
Level  roads,  a.  1189-1190. 

Ventilation,  q.  1192-1194. 

Working  the  coal  on  the  dip  side.    C  43,  q.  1196-1198. 

Dealing  with  the  water,  q.  1200-1203.  No  gas  except 
carbonic  acid  gas,  q.  1220.  Coal  conveyed  from  the 
far  ends  of  the  levels  to  the  shaft  by  horse  power, 
q.  1228.  Expense  caused  by  steepness,  q.  1239. 
Slips  roads  and  up-scts,  q.  1229-1233.  Coal  brought 
along  the  levels  by  ponies,  q.  1233-1236. 

Coal  produced  per  foot  per  acre.    C  4A-Ab. 

Order  of  working  the  seams.    C  46-46, 

Coal  left  for  snr&ce  support.    C  46. 

New  British  Iron  Company's  Works  ; 

Homfray's  process  for  separating  the  Ints  from  the  coal 

in  operation.   B  66,  q.  926. 
Washing  coal  at  the  Ruabon  Works,  by  causing  water  to 
flow  down  the  troughs  by  gravity,  oonsidexed  most 
useful  and  valuable.  B  66,  q.  936. 

Nbw  Cumnock  : 

Pit  where  a  part  of  the  seson  ia  left  in  known  as  a  ns 
coal  seam.   C  49,  q.  1412. 

Newfibld  Pit,  Moira  Colliery: 

Total  depth  of  shaft  I0:j0  feet.  Temperature  of  the  strata 
in  a  head  a  few  hundred  yards  from  the  pit  bottom 
66",  an  increase  of  about  1°  for  every  60  feet.  A  17 
q.  233. 

New  Red  Sandstone; 
Cropping  oot  of  the  New  Red  Strata  a  few  miles  east  of 
Cheadle.  Coal  measnres  of  South  Staffordshire  known 
to  pass  under  the  New  Red  Sandstone.  D  63,  q.  573. 
New  Red  Sandetone  escarpments.  D  64,  q.  676. 
Thinning  of  the  whole  of  the  Now  Red  Series,  q.  579. 
New  Red  Series  iikiperfect  between  the  LeicMtnshin 
coalfield  and  that  at  Cheadle  in  I<orth  Staftirdihin, 
q.  580.  ' 

Coming  against  the  Mountun  Limriitone  of  Middktoo 

Tyas.   h  79,  q.  641.  ) 
Derbyshire  stratifications  genendly  a  ie  beds  breaking  off 

to  the  Bout^i,  in  such  a  manner  yiiat»  at  some  point. 
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Nbw  Red  Sandstonk — cmt. 

tbs  Mcmnbun  Limestone  is  in  contact  with  the  auper- 
incumbent  New  Red,  or  Permian  strata.  D  80, 
0.  647. 

.  Red  Sandstones  not  thick  in  th«  distnet  between  the 
LflcestenhiTB  and  Warwickihire  coalfield*.    D  83, 

q.  667. 

Piobabilitj  of  flndinff  profitable  coal  measmm  underneath 
the  New  Red  Suditone  area  between  the  Forest  of 
Wjre  coalfield  wd  the  South  Staffordshire  coalfield. 
D  85.  q.  702  ' 

Nbw  Red  Stratification  in  some  collieries  in  Somerset- 
shire almost  level,  while  the  coal  below  dips  at  an  angle 
extrenwlj  steep.   O  87,  q.  71 7- 

Nkw  Salswkre  Artesian  Wbll  in  Westphalia  : 
Observed  tonpcntures  (five  V  Fahr.  of  increase  of 
temperature  for  every  54*72  feet     depth.   A  6,  q.  37- 
40. 

New  Tredegar  : 
Tabular  view  of  experiment  on  temperature.    A  25. 

Titrate  of  Soda  : 

Used  in  making  steel.   B  48,  q.  66. 

Noble,  Captain  Andrew  : 
Evidence  of.   B  38-42. 

Experiments  oanied  on  with  the  vie^  of  acconntiiiff  for 
tne  fael  that  was  nsed  in  the  blast  furnace.   B  38, 

3.  482.  Exiieriments  and  mode  of  cxperimehtiniBr 
escribed.  B  38-39,  q.  483. 
Two  thirds  of  the  heat  the  coal  is  capable  of  producinfc 
ftoes  off  in  waste  gases.  This  afterwards  utilised  if 
the  gases  are  burnt.  9U  tons  of  carbonic  oxide  escaping 
from  the  throat  of  the  blast  furnace  capable  of  pro- 
ducing 2,000,000.000  units  of  heat.  B  39,  q.  484. 
Amount  of  heat  that  becomes  practically  available 
when  the  gases  are  utilised,  q.  486.  Whole  of  the 
carboDiu  oxide  from  the  furnaces  utilised,  q.  4.<jO-49I. 
Only  a  very  trifling  quantity  of  additional  fuel  used, 
q.  492.  All  that  is, gained  by  raisini;  the  furnace 
higher  ia  robbing  the  waste  gases  of  their  heat  and 
utilising  it,  q.  494.  Going  very  high  with  furnaces 
liable  to  serious  objectious,  such  as  having  always  to 
use  the  best  quality  of  coke.  q.  497. 
Not  more  tiian  I  or  14  cwt.  of  fnel  saved  by  raising  the 
bhut  from  660°  to  95U°.  B  40,  q.  603H5O4.  'lUnks 
that  by  raising  it  another  '3{Xf  the  reduction  of  the 
consumption  of  fuel  would  be  less,  q.  505-506.  By 
making  the  blast  hotta  there  less  coke,  less  work  to 
do,  and  leas  ash  to  flux.  The  fiunace  will  work  more 
rapidly,  q.  509. 
Appling  the  regenerative  principle,  q.  511.  Inferior 
UBSB  u  coal  used  with  Siemens'  regenerative  furnaces, 
q.  512. 

Does  not  think  that  there  is  a  mai^n  of  10  to  15  per 
cent,  for  further  economy  in  the  smelting  <^  iron,  takmg 
the  best  furnaces  of  the  present  day,  q.  513.  Taking 
the  quality  of  the  coal  into  consideration,  thinks  that 
this  might  be  doubled,  q.  514.  Thinks  that  under 
the  present  system  of  smelting  iron  by  the  blast  fnmacB 
the  limits  of  economy  are  nearly  reached,  q.  519.  Raw 
coal  might  be  used  for  coke,  if  hard,  and  the  ftamaces 
not  hi^.  B  41,  q.  528.  Hjrdrogen  of  coal  would 
do  good  if  burned  under  the  boilers,  q.  530. 

Idoge  quanti^  of  coal  now  useless  rendered  capable  of 
coking  by  the  processes  for  washing  coal  now  being 
grsdnally  introduced,  q.  536.  Difference  of  price 
between  the  coke  of  the  washed  material  and  the 
better  coke  &om  about  2*.  to  2s.  6d.  a  ton  more  for 
the  best  coke.  q.  538-539. 

Possible  that  a  difference  of  300°  Fahr.  in  the  blast, 
would  make  a  difference  of  5  cwt.  in  the  fuel  by  taking 
into  conaidention  the  r^enerative  principle.  B  42, 
q.550. 

Non-com dbnbiko  Engines  : 
A  great  many  of  those  nsed  in  London  now  are  used 
because  water  cannot  be  got  to  condense  steam.   B  77, 
q.  1127. 

NoRbET  Coal  Company's  Deep  Pit  near  Wigan  : 
Temperature  of  strata  in,  at  different  depths.   A  24. 

North  Devon  and  North  Cornwall  Coal- 
Meabureb  : 

The  most  unproductive  known.   D  9,  q.  134. 

North-Eastbrn  Boundary  of  the  Leicestershire 
Coal  Field  : 
la  a  fmlt  produced  before  the  poriod  of  the  New  Red 
Sandstone.   1>  107. 
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Northern  Margin  : 
Of  a  barrier  or  istbmus  whidi  separated  the  carboniferous 
tracts  of  the  north  and  centre  of  Engbuid  and  Wales 
from  tbose  ot  the  sontit  (tf  England  and  South  Wales. 

D108. 

Northern  Outcrop  or  tbe  Coal  Measures  of 
Lancashire  : 
Coincides  with  the  ridge  of  the  Pendle  Chain.   O  10^ 

North  Fawr  Seam  : 
Thickness  of,  from  8  to  15  f^ 
Produce  per  acre  about  9,000  tons.   C  17,  q.  501. 

North  Staffordshire  Coal  Field  : 

System  of  working,  generally  long-wall.  C  31,  q.  886. 
Faces  made  too  long,  q.  890.  Deeper  seams  woiked 
at  a  depth  of  500  yards  below  the  surface,  q,  896. 

Highest  seams  wrought  invariably  first.  C  33,  q.  983. 
North  Staffordshire  field,  rich  in  seams,  q.  985.  Quite 
sufficient  to  work  by  a  descending  s^e  in  the  good 
mines,  without  touching  upon  those  small  seams  that 
eventuallv  must  be  worked.    C  34,  q.  992. 

Moss  pits,  Harecastle  Colliery,  depths  of  them  166  yards. 
Two  dips  in  the  district ;  the  Cheshire  dip  and  tiie 
Staffordsbire  dip.  Workings  chieflv  upon  the  Che- 
shire dip.  Whole  district  traversed  by  a  great  number 
of  &ults.  Banbury  coal;  eight  feet  and  seventeen 
feet  I  35  ^rds  between  the  seams.  Produce  from  the 
seam  that  is  being  worked  1 277  liws  sold,  of  good  coal, 
159  tons  lost  by  fWults,  111  toi.',  lost  by  pillar  ends. 
C  68,  q.  1963.  Pillars  left  for  the  support  of  roads 
generally  crushed  and  lost,  q.  1964.  Eight  feet 
Banbury  seam  worked  upon  the  Lanoaabire  system, 
q.  1965.  ' 

Good  return  road  from  the  rise  side  of  the  goaf  kept  to 
prevent  any  accumulation  of  gas.    C  68-^,  q.  1^7, 

Whole  of  the  area  between  the  Welsh  and  the  North 
Staffordshire  coalfields  very  much  obscured  by  drift. 
Permian  starata  cropping  out  and  overlying  the  ooal- 
measures. 

Coalfield  estimated  at  5,700  feet  in  thickness.  Lies 
directly  on  the  Millstone  Grit.  Pebble  leads  lie  directiy 
on  tite  Permian  strata  a4joining  the  coalfield.  Depth 
of  the  Nev  Bad  Sandstone  at  the  centre  of  the  great 
baan  lying  betireen  the  North  Staflbrdshira  and  the 
DentnghslunoaalfiddB  estimated  at  4,200  feet  D  66- 
67,  q.  596. 

Coal  seams  at  the  western  side  dip  westward.  D  67, 
q.  596a. 

Small  outWing  basin  of  coal  measures  close  to  Wetley 
separatea  by  denudation  from  the  North  Staffordshire 
and  Cheadle  coalfield,  q.  599. 

Permian  strata  form  a  broad  tract  at  the  southern  end 
of  the  western  part  of  the  coalfield.  A  high  part  of 
the  coal  measures  lie  beneath.    D  68,  q.  5^9. 

Coalfield  ends  on  the  north  from  two  bo  three  miles  east 
of  Coogleton.  Lies  at  its  north  end  in  the  form  cf  a 
spoon,  the  small  end  poiDting  northwards,  q.  600. 
Supposed  to  have  been  originatly  united  to  the  North 
Wales  and  Lancashire  coalfields.  D84,q.  685.  Coal- 
fields siroposed  to  underiie  the  pluns  between  it  and 
.the  North  Welsh.  l«ncashire,  and  Cheshire  coalfields, 
q.  686.  UprisiDg  along  the  Congleton  edge  to  the 
north,  q.  6^. 

North uuberland  and  Durham  Coalfield  : 

Points  reached  where  a  rise  has  taken  place  seawards. 
A  39,  q.  648.  Suppo^d  to  be  a  basin.  Eastern  edge 
partiy  covered  by  Magnesian  Limestone,  and  partly 
out  at  sea,  north  of  Shields.  D  32,  q.  360. 
Coal  measures  on  the  coast  between  the  River  Wansbeck 
and  the  River  Tyne  rise  towards  the  sea.  Bottom  of 
the  basin.  D  91,  q.  742.  Centre  of  the  basin  on  a  line 
l>etween  the  North  Seaton  Colliery  and  Jarrow.  South 
of  the  Tyne  the  axis  of  the  basin  passes  under  the 
Permian  rocks  and  the  Magneuan  Limestone  in  a  line 
from  Jarrow  to  Monkweumouth.  q.  743. 
At  Harton  Colliery  tiie  beds  rise  a  few  dwrees  north  trf 
east.  Monkwearmonth,  Ryhope,and  Seuam  Ccdlieries 
all  pass  through  the  Magnesian  limestone,  q.  744. 
Coals  at  Castk  Eden  Colliery  and  South  Wingate 
cropping  up  to  the  south-west  against  the  yellow  sand 
whWh  immediately  underiies  the  Magnesian  Limestone, 

J,  745~746.  CouB  rise  to  the  souui  and  south-west, 
ctiial  terminatioo  of  the  coalfield  not  proved,  q.  747. 
North  of  the  Tyne  the  coal  measures  dip,  on  Uie  coast 
to  the  west,  q.  749.  A  decided  crop  up  at  the  southern 
end  of  the  coalfield,  q.  754.  Rise  towards  the  sea 
very  genUe  as  fer  as  tbe  workings  have  extended  at 
Haftoa  Collieiy,  q.  757. 
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Ko  Special  Provision: 
Made  fbr  reportnog  on  belud. 


D96. 


Notes  : 

On  the  gtaiogr  of  Hanowgate^  br  ProfesscHr  Ffaillips. 
Follifoot  Coal-tirit.   D  94.  q.  779. 

NOTTINOHAHSHIRE  COALPIELD; 

General  tendency  of  tiu  aeams  to  dip  tovards  tne  norui- 
east  aloi^f  the  mai^n.  Fire-feet  coal  becomes  a  nine- 
feet  ooal  as  it  pasBesiunder  the  Htigneuan  limeatone. 

D  75,  q.  635. 

NuHBKR  OF  Steam  Boilers: 

In  the  United  Kingdom  not  possibly  less  than  50.000. 
B  79.  q- 1167. 

Nuneaton  and  Athekstohb  Ooalphlo  : 
Biilletone  Grit  crops  to  the  snifiMse'  between  Atberstone 
and  Nuneaton,  f^ew  Red  Mari  thrown  asaiiut  it  by  a 
fenlt.  Donbtfiil  that  [wofltable  ooals  may  be  found 
near  the  north-east  side  of  the  boundary  fault  between 
Nuneaton  and  Athentone.  D  57,  q.  52S.  Coal 
measures  crop  out  on  the  east  towards  Nuneaton  witii 
a  westerly  dip.  D  59,  q.  53i.  Lover  Keuper  Sand- 
stone lies  on  unpmdiurtaTe  coal  measurea  between 
Nimoaton  and  the  southern  end  of  t£e  Warwickshire 
coalfield.  D64,q.  583. 
Axis  of  movement  parallel  to  the  axis  of  movement  of 

the  Chamwood  Forest  district. 
Axis  of  Arley,  to  the  south  of,  and  psiallel  to  the 
Nuneaton  coalfield.  D  82,  q.  667-  Nuneaton  coal- 
field terminatea  on  the  uOTth-eastern  by  a  magnificent 
line  of  foult  One  of  the  frrandest  milts  that  can  be 
seen  anywhere.   D  S2,  q.  667. 


o. 

Oakb  Colliery; 

Fissures  at  a  great  depth.  Cracked  up  to  the  surface. 
Gas  coming  out  right  into  tiie  quarries.   A  37,  q-  593. 

Lai^  quantity  of  fire-damp  giren  off.  C  38,  q.  1079. 
Greatest  amount  given  off  1,200  cubic  feet  per  minute, 
q.  1060.  Average  quantity  given  <^  from  600  to  600 
cubic  feet,  q.  1081.   Gas  utilised,  q.  1087. 

Expense  of  keeping  up  gate  Toada  wcmld  not  be  so  great 
as  at  LnndhiU,  q.  1091. 

Old  Coed  Talon  Workimos: 
BUais  left,  but  aftwwards  recovered.    C  6.'!,  q.  1852. 

Old  Cornish  Miners*  Opinion: 
'With  regard  to  the  effect  of  ventilation  in  redudng 
temperature  at  great  depths.   A  69.  q.  49. 


Old  Ford: 
lOO^hudi  oyBnder  at: 


B  84,  q.  1258. 


Oldknow,  Rbqimald  Charles  : 

Evidence  of.    A  76-77-  - 

Temperature  of  stoke-holes,    A  76.  q-  1515. 

Thinks  that  anything  above  120°  is  pnyudicnal  to  health, 
q.  1517.  Cases  of  men  who  were  obliged  to  be 
nianged  every  hour  on  account  of  high  temperature, 
q.  1518.  Some  men  atrongenough  to  work  for  four 
hours  at  a  temperature  of  148°,  q.  1519-1520.  Average 
men  would  be  invalided  if  th^^  continued  to  work  at 
this  temperature,  q.  1521.  FuU  habited  men  have  the 
worst  chance,  q.  1522.  Considers  that  working  in  a 
tonperatute  of  120°  has  a  tendency  to  shorten  life, 
q.  1524-1525. 

Hunks  that  the  highest  tempnrfttare  he  has  ever  ih 
»  wind  would  be  about  lOtP,  q.  1^.  Cbrculotion  d 
air  at  a  tenmeratnre  above  tiwt  of  the  bo^  produoes 
a  cooling  effect,  q.  1529.  Air  in  motim  produces  a 
cooling  effeot,  within  certain  limits,  q.  1530.  Has 
always  fbund  a  cooling  effect  from  a  eunent  ctf  air  in 
the  nighest  temperature  which  he  has  experienced, 
q.  1531-1539. 

Air  in  a  sirocco  wind  not  so  pure  aa  ordinuy  ur.  and 
always  moist,  q.  1533-1535.  Dry  air  more  refreshing 
tiian  moist  air.  q.  1536-1537.  Relieves  that  there  is 
no  ohemieal  impimty  in  a  sirocco  wind.   A  77.  a.  1538. 

Thinks  that  a  current  of  air,  if  kept  up,  would  enatile  the 
men  to  work  in  a  mine.  q.  1539.  Does  not  think 
that  there  ought  to  be  any  diffleuhy  in  eanying  ihe 
air  a  long  distance,  q.  1540. 

Manner  in  which  tiie  men  are  invalided  by  a  high  tempe- 
ratoM,  q.  1544. 

Slioinlaiits  in  modentieni  fkvounitle;  in  crajess,  pojaon. 
q.  154&-1547.  ■  i 


Oloknow,  Reginald  CujtsiM^  '••Mimi'i*^-'-  -zil 
Bhek  mea  enij^oyvd  as  stoktrs,  q.  }54fti^lStf.-  -Jialayi 
work .  in  a  temperature  of  J  6^,  q.  1550:  :  Bia«|ieans 
could  not  stana  this  temperature,  q.  1551.  -Bladk  men 
and  China  men,  not  w  good  sloken  as  RnriManeiL 

•     q.  1663. 

Old  Red  Sandstone: 

Rising  in  the  centre  of  the  Fiweat  of  Wnn,-and  diminishing 
the  thickness  of  tha  ooaimsaemM  fokEataU  tindLness. 

D52,q.475. 

Coal  measures  lying  directly  and  unconfoimably  wmi 
Silurian  and  Old  Red  Sandstone  stratk  IX66,q:5l3 
Aymestiy  Limeston^'propjuiig  up  ^redfy  uudernesdt 
the  coal  measures  wttfaont  &e  int^miriiDn^  the  Old 
Bed  SMid^tone,  Squriu  nwks  .<irarlMd  by  Old  Red 
Sandftnie.  Old  Bed  Sandstona,  nwcn  poi^toted. 
traced  underneath  the  Fonst  of  Wyre,  fimn  theAbberly 
Hills  northwards,  q.  514.  Carboniferous  rocliA  lying 
unconformably  on  Silurian  and  Old  Red  Sandstone 
rocks  at  Coalbrook  Dale,  q.  516. 

Old  Red  rocks  in  the  valley  of  iiu  Usk  bslMk  6m 
South  Wales  coalfield  and  the  ooalfidd  of  the.?anst 
of  Dean.    D  8G-«7,  q;  J15.  ...  - 

Old  Staunton  Colliery  near  BuRTON^ONvT^f^r: 
Section  found.    D106.  .' 

Old  Wkltoh:  ■ 
Subsidence  beside.   C  28.  q.  818. 

Oolite:  ■      ■  . 

Thickness  of  the  oolitic  formatitHM  between  Qhdbury 
Camp  in  Somersetshire  and  the  cbalk-  to  the  aontii- 
east.    D  .34,  Q.  393.  -  * 

Possibility  of  the  Portland  Oolite  bsing  oontiunoos 
betwwn  Purbeck  and  the  Vale  oi  Vtttdomi'^.  397. 
16  feet  thick  at  BriU  in  Bnckinghartishlre^'  q.  398. 
IliKkness  of  the  Pnriwek  beds  at  Pmbeck,  q.  399. 
Thidmess  in  tiie  Vale  of  Wardour,  60  feet  400. 
Thickness  of  the  oolites  in  the  arfglrtwurhood  of 
Bath,  q.  429-431.  In  the  .neighbourhood -of  Oxford. 
D36,  q.  432. 

Oolitic  series  in  the  south-west  England' tili|in  modi 
towards  the  north-east,  q.  434. 

Open  Kitchen  Fire: 
Waste  of  fud  in  it  prodigious.  -  - '  < 

Not  the  least  attempt  to  concentrate  tlie  Uelit  dn  the 
purposes  to  be  attamed.    B  20,  q.  244. 

Order  of  Wokkino  the  SeaMs: 
Collieries  lyii^;  on  the  ntHrtii-west  sida  ofi^vdisater. 
Stipulated  in  tiie  lease  that  die  npiier  'seaqu  sh^H  be 

worked  first.   C  7,  q.  184.   Qoeatum  of  pnat,  n.  192. 

The  coal  cheapest  to  sell  sometimes  costs  aunto  get. 

q.  196. 

Working  botii  seams  oouccntively,  q.  197-  Royal^ 
rent  upon  inferior  seam,  q.  200.  Inferior  and 'supe- 
rior seams.   0  8,  q.  206.  '"  '. 

Getting  the  largest  posable  profit  otkt  of  Hhe  cdliery, 
q.  208.  Certain  seams  that  can  omlT'4||f  -  worked 
advantageously  with  better  seams,  q.  212.  ^Working 
mines  conjointly,  q.  213.  Woridttg  two  seama  simul- 
taneously, q.  214.  Going  'dowii  to  th«  best  iseam, 
q.  218.  Injury  arising  from  wtaUng-flie  lower'aeaioB 
under  the  upper  seams,  q.  222.  .>  ^  - 

Working  one  seam  improves  the, other  aeaitu,  q:  223. 
Top  seam  should  be  trrougfat  flrtt,  q.  229^.  Coal 
worked  after  the  seam  below  has  been  taken  away, 
o.  230.  Seftms  1^  not  woriced  tfun.  O  9,  if.  231. 
Seams  that  cannot  be  woriced,  q;  332b  '•  MiBas  irhidi 
are  being  worked,  q.  236.  Aggwgate'thielawEi  of  die 
mines  worked,  q.  238.  Huwness  'of  tile*  dtfTeieut 
mines,  q.  239.  Workable  thiokneii,  q.  940.  vCoak 
lost  in  consequence  of  the  method  of  work&Mk  ^.  S44. 
Four  feet  mine,  q.  245.  Bin  mine.  q.  251.  Comdilioo 
of  the  leases,  q^.  252.   fCnovotes.  '  ^ 

Cheshire :  no  regard  paid  to  wortdng^  die  Sbatfai  in  a 
descending  onkr.   C27,  q.  790.  ,  ' 

Can  return  to  the  seams  passed  through;  q.~  792.^  In  a 
workable  seam  the  coal  must  be  merchantahla  at  a 
profit  to  the  tenant,,  q.  796.  Worlcing  tbft  West 
seam  followed  by  a  subsidence  of  the  ground  'above. 
C  28-^,  0.799.         .  :  ■  ' 

Northumberland  and  Durham  district  seama  Eafbring 
from  subsidence;  0  28;.lq.  800.^^Isllerl^a^a£.tinle 
between  working  upper  and  lower  seams,  q.  802. 

SomersetAire :  seams  Wofted  acttwdfng  w  ft'-tt^uit 
convenient  q.  805.  GreemweU.. 

North  StaffoMAwe^  etuopOM,  wi-CUOm-i  ^fi^MSt 
aeams  abnosfc  inTariably  worked  Ant  inHMUfihin. 


Digitized  by 


OR* 


587 


ORiniil'M''WoRKiNO  TiiB  SiAHB — cokt. 

■C  33»  Q.  963.   Seams  worked  almoat  Miy  way  in 

Or^  of  working  the  seama  at  Didtinfl^di  c[.  985. 

In  most  of  the  leaMs  working  the  snmR  in  raoeesnon 

dbwnwardB  is  not  obBgitcwr,  o.  987. 
Sarioofl  imiuy  to  coal  1^  Dqpnmng  ait  the  bottom, 

q,989.  . 

proper  war  vonld  Be  to  wioA'  tbe  seanu  ae  they  are 

amVtldatftodithe-to^,  q.  991.  ^  ' 
Goals  left  have  not'  commenced  warkins  agun.  C34, 

q:'92:   Small  ■  seatts  left' fti  Shifforaahire  eduld  be 
'  msirked  «t'a  pwS*^  q.  999.  • 

"WitU  tiie!  wont  K>6f  the  ftut'hMS  of  life.  Not  a  death 
for  sevenrears in  one, seam,  q.  Wjfkng. 

NewbAt^CofileiT,  fMlktSdj :  '^ve  txama  worked  together. 
'^46;  q.  1309.-'  I)erBngAnettt6f  th^ftelf-adnig  planes 
ip  conBequence  of  working  lower  seanls  first, 
•q.  ISO.  'iJerMgement  ttf  levels  not  dependent  upon 

'  wkm  for  'fff*ti.  \Sli.  'Not  wiMbet  to  heanng  ctf 
fiobTj'^;- 1^5.  ■  'WotKng^^      ew  imdemeath  a  mb- 

No  attention  piud'to  ^(nkin^ 'the upper  seadia  in  advance 
tHe=9fiWa§-  d,^  I31R:  Worl^ed  a  little  in  advance 
liecauM  iurired'^at  AM.  ^.  1919.'  Peihapa  lOOmds 
in*  sAytaice  dl  this  lower  ftces  of 'workinff,  q.  1321. 
SKute pawtetfyVwr  withont working  petnmabH,  q.  1322. 
Coel  not  much  damaged  hy  working,  q.  1324. 
"Dmrnnr."  ■  -  "     ■    ■  ■ 

SedBjttid.^^rib'  order  observed  in  working  the  seams 
timmil^ont  anjr'part  of  Scotiand.  €  60,  q.  1 444.  The 
nuMt  prratabfe  worked  first,  w9thotit  'T^*fd  to  #hat 
.ioiiut7'mi«i  lArtfrk-wiH-eeearioato  othcrf  seams,  q.  1446. 
Ii^nry  done  to  coal'bjr^dist^pBrtBng  ttie  t»der  of  the 
seams,  q.  1447- 
'  Laniflor^  genenify  dsflaes  that' %e -meabis  shall  be 
wiirketf"  by  stoop  and  room,  alt  bv  long- wall,  q.  1449. 
S^jnk  workabfe'  and  not-  vorkaDle.  C  51,  q.  1453. 
Glvingup  i.  lease  when  a  colliery  cannot  be  worked  at 
a  profit,  tj.  1454-1458. 

Mosfhnportdttt  rfeams,  q.  ^59-1460.  Principsl  ssaros 
at  tbeNew'  ^mnnock,  q.  14<n.  Seams  worked  at  the 
Lngto,'  q.  14S2.  In  the  Irvine  district,  q.  1463. 
IMn'cipSl  seKAis  at  ffltovenston,  q.  1465.  Seams 
w6rk<ea  the' best  in  onalitT  or  themoat-ehea|fly  woriced, 
q.  1469.'  Sesms  'left  behind  wonid  not  "be  ftiuch  de- 
prec^tftd  '  if  .long*wall'  practised,   q.  1474. 

Northhmber^d'  and  'Whitehaven  district':  no  order 
observed  in  working  the  seams.  Gohig  to  the  best 
seam  first.  C  57,  q.  V6S9.  Seams  passed  through 
rehirnable;'  q.'  Kw.  •  No  ttile  by  wluch  a  workable 
seam  is  derided,  q.  '1663.  No  bustom  In  the  district 
requiring  to  work  the  ttppeJr  seam^  first,  q.  1665.  At 
'Wnitehaven,  when 'the  top  seam  is  worked  first,  the 
under  seam  is  tougher,  q.  1668.  Upper  seams  left 
behind  are  nfew  "being  returned  to  in  Northumberland, 
q.  1670.  AU  the  aeama  steam  coal,  q.  1673.  High 
Man  and  l^iw  Main  seam?.   C  58,  q.  1674.  Fortter. 

North  Wales:  ?o  cJrder  observed  as  to  the  mode  of 
worlidi^  the' seanU. C  64,  q.  1867.  Leases  granted 
by  Sir  Stephen  Glynne  contemplate  working  them  in 
descenfing  'drdor,  q.  1869.  ■  LOTrering  of  the  surfice 
by 'working  the  lower  seams,  q.  1870.  Overlying 
seams  damaged  by  taking  tbe  lower  away  first* 
q,  1871.  Syt^em  of,  work^  flte  cdal  in  descending 
<Huer  'deBiral)ie,'q.  1872.  'Deeper  seams  than  the  main 
cod,  q.  1876. 

Bench  oosl  tinworkable,  because  itis  fiiUof  pyrites,  earth, 
•pd  foul  matter,  q'.1S7?^l87H.  Yard  boal  networked, 
q.  1880.  Coal  three  ieet  fo  /our  feet  thick  below  the 
cafmef  coal,  q.  1882.  Coat  i°  the  neighbourhood  of 
Mold  to  a  great  extent  worked  out,  q.  1886. 
Cottingham. 

'  North  Wales  and  Staffordshire:  lowest  seams  worked 
first.  C  67,  q.  1938.  No  additaonal  quantity  of 
water  in  cutting  through  faults ;  a  great  d^l  of  water 
ftnind  in  cutting  the  aeams,  q.  1940. 
System  (rf  working  in  the  Weatminster  Colliery,  q.  1950. 
Ventilatibo,  q.  1931.  Pillars  sacrificed  in  many  of  tbe 
old  collieries  in  Denbighshire,  q.  1952.  '^stem  of 
working  requires  an  exoeptiqnal  roof,  q.  1953. '  Craig, 
CcklAelds  of  Xefcesiershire  af>d  lYarwickshire :  seams 
worked  indiscriminatdy.  C  "JA,  a.  SufBdent 
liuekdeis'  of  measures  between  the  seanu,  q.  210O. 
IdWier  seam  not  aushed  by  the  Wejj.]!^  (rff  Jhe  upper* 
n-  2100.  » 


'  ypj-lfing  imt  %e  lowtT  part  of  th^ 
' '  *^^"T  'cnl''th«  top  the- job* 
■     C  7fi;q.'2l2^. 


tho  uppiar  issm  is  got  rt,  q. 


D^lq^shire:  upp^  seams  inks/a  first  soOHtimea,  and 
-   suMlimesnot.  C  90,  q.  2444.  Bhms. 

I.  ■-         ,  " 

Oku  of  Iwoh  : 
Containing  a  large  pnnMrtion  of  phoqihqixis>  nniU»Ie  to 
deal  with  them.    B  62,  q.  867- 

Obidinal  Coal-orowtbs: 
Must  from  thnr  very  OBton  have  beanfcvmedin  Be|Mnte 
lagoons.   D  23. 

Owen  of  Rotuxuuau  : 
States  tiiat  llie  wdinary  reheating  fomaoa  is  now  as  15 
to  5  in  &vour  of  the  gas  fnmaoe.    B  36,  q.  427. 

Oxford  Clay  : 
lliickness  of  not  less  than  500  or  600  6Kt.    D  34, 
q.  395. 

Does  not  thin  out  in  its  progress  nortb-castwards  into 
.  Oxfordshire.   D  36,  q.  ^6. 

Oxidising  Condition  : 

Of  Atmates.   B  11,  q.  139. 

All  furnaces  in  an  oxidising  condition,  q,  140. 

Neighbourhood  of  Bamsley,  Yorkabire :  most  profitable 
seams  worked  first.  C  40,  q.  1142.  Bamsley 
seam  the  highest,  q.  1146.  No  damage  ■  done  to  the 
upper  seams  by  working  tfae  lower  first,  q.  1147.  A 
Bumcient  interval  between  the  ending  tno  one  and 
the  conjmeocing  of  th^  otl^era,  q.  1 148. 


P. 

Pack  Walls  :  ' 
,To  take  the  weight  oiF  the  coal.   A  66,  q.  1221. 
Help  to  prevent  the  crushing  of  the  coal  by  taking  the 

weight  ofF  the  fux  wwk.   C  32,  q.  366. 
Building  pack  walls  on  either  side  in  the  gob.   C  7Q, 
q.  2004. 

Paris  Exhibition  : 
Ptqnts  of  economy  in  many  of  the  ftveign  engines  ex- 
hibited.  B  76,  q.  1064. 

Parkfiild  IsoHWOBKi,  near  Wolveriiampton  : 
Gases  from  one  ftimace  all  that  was  neeessaiT  to  be 

employed.   B  40,  q.  621. 

Park  Gatb  Collibrx  : 
No  information  to  be,  got  ctf  the  beds  wmked.   O  22, 
q.  644. 

£xpl(»atiffBB  eauaed  to  be  nnde  at,  by  Lonl  Moa^, 
q.  646. 

Parrot  Siah  : 
Bed     limestone  undoneath  it   C41,q.  1165.  TVo- 
msed  .to  be  worked  by  down-sets.  C  43,  q.  1207. 
Parrot  post  coal  very  inforior.   C  45,  q.  1294. 

Par  db  Calais  : 
No  productive  coal  in  the  northern  [Mrt.   D  23. 

Patbicroft  Collibry,  near  Manchester : 
Section  o^.   D  .106. 

Paul,  Bb.  Bbmjakih  Hobatio: 
Evidence  of.   B  50-51. 

"nunks  that  tlie  oil  obtained  from  shale  1^  distillation 
is  canable  of  being  used  as  fuel,  hut  that  its  use 
would  be  attended  with  much  dangor.  Oil  very 
readily  infiammable.  Objectionable  on  account  of 
being  lighter  than  water,  fi  60,  q.  7C3.  TJaing  the 
dead  oiU  at  the  works  of  Mr.  mlfar,  in  Glasgow, 
Tar  distiUers  and  gaa  manulscturers  woold  And  a 
ve^^^jraai  advHlt^{e  in  using  dead  oil  inatead  of  ooal. 

Does  not  think  that  any  economy  in  the  consumption- 
of  fnel  is  to  be  anticipated  irom  the  nse  of  liquid 
foels.  An  advantage  attending  the  use  of  liquid  fuel 
is  that  the  circumstances  imder  which  it  is  burnt  are 
those  which  effect  a  very  economical  application  6t 
the  heat  produced  by  a  certain  weight  of  the  fut^, 
q.704. 

Two  and  a  half  tons  of  coal  give  as  much  heat  as  one 
'  ton*  of  petroleum.   B  51,  q.  705.   Does  not  think 
that  at  the  preaent  price  of  the  two  uticles'thoe  ia 
an;i^^^^»ro8pect       aiibstitating  petroleum  for  coal, 

S\^,  to  ^  worked  profitably,  ouglit  to  jield  20  gal- 
loiis  and  upwards  of  oil  to  a  ton,  q.'  7lO.  Msijority 
of  bituminous  shales  capable  of  being  worked  profiW 
tibly,  q.  712.  '  Oil  iAiiIm  in  fte  neighbouiiiood  of 
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Paul,  Db.  Bskjamih  Horatio— eoni. 

£dinbnn{h  tram  four  to  five  feet  in  thidmess,  q.  713. 
Shales  mat  tbe  Lias  near  Wmnouth  produce  oil, 
q.  722.  Shales  in  Flintshiie  of  considemble  depth, 
and  run  from  positive  shide  into  euinel  ooal,  q.  72o. 

Payment  op  Witnesseh  : 

Amount  f^ranted  to  each  witness  per  day.  P.  38.  3,000/. 
authorized  to  be  issued  to  the  secretary  of  the  Com- 
mission for  the  payment  of  witneases.  P  42.  Copr 
of  a  Treasury  minute  relating  tiie  mode  in  whicai 
pajrment  should  be  made  to  witnesses.   P.  48. 

Pbace : 

His  arrangement  for  ventilating  buildings.  B  59,  q.  827. 

Prat  and  Lignite  Gab  : 

Gives  quite  the  same  temperature  as  the  gag  produced 
fnrni  bituminouB  coal.    B  3,  q.  2. 

Pebble  Beds  of  the  New  Red  Sandstone  at  Cheadle 
HUl: 

Lie  unconformably  on  the  coal  measures.  D  67*  q-  599. 
Fhclbt : 

Ebcueriments  upon  temperature  recorded  by  him.  A 18- 
19,  q.  204,  q.  272-273,  q.  281. 

Pkmbrokbrhire  Coalfield  : 
Simply  a  coalfield  upon  the  narthem  side  of  the  gnat 
faun;  which  has  broken  up  the  Sinnersetflh^  coalfield. 

D  21,  q.  287-289. 

Pbndle  Line  op  Elbvation  : 
IVaced  from  Ormskirk  on  the  west  to  Colne  on  the 

east,  and  still  further  along  the  northern  limits  of  the 

YOTkshire  coalfield. 
Lower  carboniferous  rooks  brought  up  all  abng  this  line, 

and  subjected  to  aa  enomnous  amount  of  denudation. 

D27,  q.  327. 

Fendlbbury  Colliery  : 

Openings  driven  1,600  yards  on  each  side  of  the  pit. 
C  3,  q.  28.  In  driving  the  1,500  yards  no  coal  was 
touched.  C  4,  q.  40.  Distance  between  the  level 
and  the  air-end  10  or  12  yards,  q.  45.  Worked  by  a 
modified  long-wall  system,  q.  64.  Holing  in  the  dirt. 
C  5,  q.  83. 

Pbndlbton  Colliery  : 
Top  of  the  pita  42  yards  above  the  sea  level.  A  11, 
q.  121.  Lowest  depth  reached  by  the  workings  696 
yards  below  the  sea  level,  q.-  122.  Shafts  smaller 
than  would  be  sunk  now,  q.  123-124.  Results  of 
experiments  upon  the  temperature  of  the  air  at  dif- 
ferent distances  from  the  shaft,  q.  128-130.  Tem- 
perature of  the  air  approximates  the  temperature  of 
l^e  coal  at  about  a  mile  from  the  shaft,  q.  131.  All 
i^e  seams  give  off  fire-damp,  q.  139.  Work  carried 
on  during  three  fourths  of  the  day  and  one  fourth  of 
the  night,  q.  147.  Pillar  and  stall  system  not  suc- 
cessful. C  5,  q.  96.  The  coals  would  get  much, 
crushed  bv  it,  q.  97.  Gob  wall  built  to  support  the 
roof,  q.  Il4. 

Pennine  Chain  : 

Lower  beds  on  both  sides,  in  Lancashire  and  Yorkshire, 
identical  with  each  other.    D  27,  q.  326. 

Dip  greater,  contortions  more  violent,  and  the  &ultB 
larger  on  the  western  than  on  the  eastern  side  of  the 
central  dividing  range  (rf  hills.    D  92,  q.  764. 

Perpect  Coheustion  : 

Difficulty  of  getting  it.    B  9,  q.  102. 

Perkins*  Expeument: 

.  Enclosing  water  in  a  shrapnel  shell  and  bringing  it  to 
a  high  temperature  by  a  blast  Aimace.    B  74,  q.  1056. 

Pebmanekt  Tbmpiratuye  : 
50^  at  a  depth  of  50  iieet  below  the  suiftee,    A  17, 
q.  221. 

Permian  Rocks: 

Extmne  dissimilarity  of  the  Permian  rocks  of  central 
Eneland  and  Shropshire  and  of  those  of  South  Lan- 
cashire and  Cheshire.    D  27,  q.  ^7- 

Permian  beds  resting  unconformably  on  &e  Yoredale 
rocks  a  few  miles  north  of  Leek,  q.  327. 

Coal  seams  around  the  Permian  and  Triassic  areas  of 
South  Lancashire  and  North  Cheshire.  Along  the 
western  margin  of  the  North  Staffordshire  coalfield 
there  is  d.  tendency  in  the  coal  seams  to  dip  towards 
the  west  and  soutii  under  the  Permun  and  the  Tri- 
Mflieroeks.   Luge  tnKrt  of  Fermian  and IViaMic rocks 


at  Enville  and  the  east  of  Bridgnorth.  D  28,  q.  337. 
Penman  zodia  rest  unconformably  on  tiie  coal  measures 

to  the  east  of  the  Nottinghamshire,  Derl^ahire,  and 
Yorkshire  coalfield.  Permian  rocks  of  Warwickshire, 
South  Staffordshire,  Denbighshire,  and  Shropshire  are 
all  of  one  character.  Attain  their  greatest  thickness 
of  2,000  feet  in  Warwickshire  and  Staffordshire. 
D  29,  q.  328. 

On  the  west  of  the  southern  end  of  the  South  Stafford- 
shire coalfield,  the  Permian  rocks  are  thrown  against 
the  base  of  the  Carboniferous  and  Upper  Siluriaii 
strata,  and  on  the  east  against  the  coal  measures. 
D  52,  q.  474.  Coal  measures  dipping  west  crop  up 
against  the  base  of  ib»  Permian  rocks  at  West  mom- 

wich,  q.  474. 

Estimated  at  fVom  1,000  to  1,200  feet  in  thickness  on  the 
west  side  of  the  South  Staffordshire  coalfield.  D  53, 
q.477. 

Semon  bom  Lappal  Tunnel  to  Ctmipton  near  Wfdver- 
hampttm  souu-east  and  nortJi-west.  At  'ike  south- 
east the  Permian  rocks  axe  faulted  arainat  coal 
measures.  On  the  north-west  thcj  are  faulted  against 
the  Upuer  Silurijui  strata.   D  53,  q.  485, 

Estimated  thickness  west  of  the  west  boundary  fault  of 
the  South  Staffordshire  coalfidd  fnan.  1,200  to  1,300 
feet.  D  54,  q.  492.  Coal  measures  underlie  the 
Penman  strata  on  the  western  side  of  Ae  Sooth 
Staffordshire  coalfield.    D  55,  q.  509. 

Probability  that  the  whole  of  the  area  between  South 
Staffordshire  and  Warwickshire  may  be  occupied  by 
Permian  strata  underneath  the  New  Red  series.  D  56, 
q.  527-8.  Ldues  marking  the  top  and  bottom  of  the 
different  secondary  and  Permian  foundations  which 
crop  to  the  surface  on  the  edges  of  the  coalfields. 
D  68,  q.  533. 

Permian  strata  lying  conformably  upon  the  coal  measures. 
Fault  throwing  down  the  Penuian  strata  against  the 
coal  measures.  Permian  strata  £p  eastwaira  on  the 
east  of  Alley  Wood.  Total  thickness  of  tihe  Penman 
strata  between  Arlej  Wood  Mid  Galley  Common 
about  300  feet.  Pfermian  strata  ^^ain  appear  west- 
ward of  the  fitnlt  which  bounds  the  Arley  Wood  coal 
measures  on  the  west.  New  Red  Marl  and  Lower 
Keuper  Sandstone  lie  unconformably  upon  the  Per- 
mian strata.  Highest  Permian  beds  of  the  series  lie 
at  the  south  end  of-  the  Permian  formation  between 
Warwick  and  Kenilworth.  Total  thickness  of  these 
estimated  at  about  2,000  feet.    D  58-59,  q.  534. 

Permian  strata  900  feet  thick  where  the  coal  measures 
of  Coalbrook  Dale  pass  under  them.  These  strata  dip 
eastward  under  the  New  Red  Sandstone.  Lie  un- 
conformably upon  the  coal  measures.  New  Red 
Sandstone  lies  unconfoimably  upon  the  Penman 
strata.  Permian  beds  brancxt  into  two  north  of 
Wolverhampton.   D  60,  q.  545. 

Occurrence  and  thickness  d  the  Feimian  beds  north 
of  ^uttington  very  obstnire.   D  GO,  q.  558. 

One  or  two  patches  of  Permian  beds  lie  in  the  centte 
of  the  Leicestershire  coalfield.  D  61,  q.  550.  Coal 
measures  of  the  Leicestershire  coalfield  overlaid  bya 
thin  stratum  of  Permian  rock  on  the  south.  D  62, 
q.5fi3. 

New  Red  Sandstone  lying  directly  upon  the  coal  mea- 
sures without  the  intervention  of  the  Fermiaa  strata. 
D  63,  q.  573. 

Permian  rocks  which  overlie  the  Le  Botwood  coal 
measures  from  1,100  to  1,200  feet  thick.    D  65, 

q.  590. 

Lower  Red  and  Mottled  Sandstone  overlying  Permian 
beds  east  of  the  Denbighshire  coalfield.  Permian 
strata  overlying  the  coal  measures  of  the  North 
Staffordshire  coalfield.  Pebble  beds  lying  directly  on 
the  Permian  strata  adjoining  the  Novlli  Staffordshire 
coalfield.   D  66,  <].  596. 

Permian  strata  Ue  in  a  teough  between  the  nraghboor* 
hood  of  Swinnerton  Park  and  Winniiurton  Lodge. 
D  67,  5.  596. 

Assumption  of  the  continuity  of  the  coal  messurea  under- 
neath the  New  Red  and  Permiaa  strata,  q.  597. 

South-west  of  Moddershall  the  Pennian  strata  set  in, 
overlaid  by  the  New  Red  Sandstone  and  Marl.   D  6/, 

q.  599. 

West  of  the  feult  at  Field  House,  the  Permian  strata 
make  the  surface.  New  Red  strata  overlie  the  Per- 
mian beds  near  Over  Bitters  Wood.  Coal  measures 
overlaid  unoonformably  by  tiie  Pennian  rocks.  D  68, 

q.699. 

Permian  sbrata  obscured  by  drift.  Thinning  away  uoder- 
ground  before  reaching  {he  point  where  the  Nwth 
Su^ordshtre  coalfield  forms  the  sutfoce  of  the  ground, 
D  68,  q.  599.  ' 
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Fkrhiak  Rocks — eont. 

Gie&t  unconformitr  between  the  Fenni&n  staita  and 
coal  meastues.    D  72,  q.  618. 

Fennian  strata  faulted  a^nst  the  middle  part  of  the 
coal  measurea.  Overlaid  by  the  pebble  beds  of  the 
New  Red  Sandstone.   D  72,  q.  627. 

Ffermian  strata  lie  directly  upon  upper  coal  measuiea  in 
tile  coalfield  on  tiie  west  of  Dukinfldd.  Fault  throw- 
ing in  the  Pcmdaa  sfaata  and  the  New  Red  Sand- 
itoae  against  the  edge  of  the  Manchester  eoelfield. 
D72.q.627. 

A  higher  part  of  we  coal  measures  dips  somewhat  un- 
conformably  under  the  Permian  rooks  near  Moljmeux 
Brow.  Coal  measures  brought  up  hj  a  fault  near 
Swinton,  and  passing  under  the  Fennian  rocks.  Coal 
measures  pass  undemeatii  the  Fennian  rocks  beneath 
Monton  Cireen.  Cotd  workings  underneath  the  Per- 
mian formation  near  Astley.  No  Permian  rocks 
found  in  a  mass  ijf  coal  measures  near  the  western 
margin  of  the  Laocsshiie  coalfield.  D  7d>  q.  627- 
629. 

Fennian  rocks  shut  upon  the  Gneissic  Cambrian  strata 
of  Anglesea.  The  different  beds  of  coal  in  succession 
crop  up  against  the  Inse  of  the  Permian  starata.  D  74, 
q.  634.  Boundary  line  of  the  coalfield  and  Permian 
bed  of  Anglesea  runs  for  9i  miles  as  sttaif^t  as  an 
arrow.   D  74-75,  q-  634,  q.  635. 

ftrmian  rocks  rest  unoonformaUj  on  the  Carboniferous 
strata  on  the  eastern  boundaiY  between  the  coalfields 
of  Yorkshire  and  Durham.  Lower  beds  of  coal  about 
Wingate  turn  up  to  the  southward,  and  do  not  con- 
form to  the  superincumbent  Permian  rocks,  Millstone 
Grit  country  passing  to  the  eastward  and  covered  over 
by  the  Permian  series.  Coal  measures  pass  under 
the  Permian  series  at  the  southern  boundary  of  the 
Durham  coalfield.    D  79,  q.  641. 

Permian  rocks  covering  the  Warwickshire  coalfield ; 
suppfMed  inequalitieB  in  l^eir  original  deposition. 
D  83,  q.  672.  Carboniferous  and  Cambrian  rocks  of 
the  Leicestershire  coalfield  supposed  to  have  formed 
a  division  between  the  Permian  rocks  of  the  Not- 
tinghamshire district  and  those  of  the  Warwickshire 
district,  q.  681-6B2.  A  supposed  sii^ular  deposit 
of  the  Permian  age  at  RnsKtoa  Spencer.  D  84, 
q.  687-688. 

Pemiian  rocks  in  any  conuderable  thickness  are  not 
found  on  the  northern  side  of  the  Mendip  Hills. 
D  87.  q.  717. 

Doubtful  whether  there  are  not  some  Permian  beds  up 
near  Preston.   D  88,  q.  723. 

Patches  of  Permian  to  the  south  of  the  Highlands  in 
Scotland.  Igneous  xone  forming  the  base  of  the 
Permian  series  along  the  course  oi  the  Ayr  and  Lugar 
waters.   D  89,  q.  726. 

Permian  rocks  occupying  the  valley  of  tiie  Nith  at 
Thomhill.  Smaller  outliers  of  Permian  rocks  scat- 
tered over  the  south  of  Scotland.  Considerable 
district  occupied  by  Permian  rocks  in  the  sonth- 
eastem  part  of  the  coun^  of  Dumfries.   D  90,  q.  726. 

Extension  of  the  Northumberland  and  Durham  coalfield 
eastward  underneath  the  Permian  strata.  D  91, 
q.  742-763.  Extension  of  the  Yorkshire  and  Derby- 
soixe  coalfield  underneath  the  FermittQ  and  secondwy 
rocks.   D  92-93.  q.  764-778. 

Supposed  thickness  of  the  coal  measures  beneath  the 
uneonfonnable  New  Red  and  Permian  at  tiu  dty 
of  York..  D  94.  q.  779.  Faults  possihW  causing  the 
union  of  the  Durham  and  Yorkshueooamelds  beneath 
the  uneonfotrmable  Permian  and  New  Red.  D  96, 
q.  788. 

Fennian  rocks  in  contact  with  the  Carboniferous  for* 

mation  on  the  ntnrth  of  Moreoambe  Bay,   D  103. 
Fennian  Sandstones  on  the  west  coast  of  Cun^berland. 

D  103. 

Permian  beds  resting  on  Millstone  Giit  at  Skillam 
Clough  and  along  Bentley  Brook.   D  107. 

Pbkiipiratiok  : 

Is  condensed  evaporation.  A  86,  q.  1740:  Impeded 
by  the  moisture  of  the  air,  q.  1741.  Moist  atmo- 
sphere counteracted  by  a  fire.  A  87.  q.  1745.  Men 
who  would  not  resort  to  a  fire  to  heat  an  atmosphere 
loaded  with  moisture  dying  from  apoplexy  of  the 
brain  and  apoplexy  of  the  lungs,  q.  1747- 

Has  a  cooling  tendency,  apart  fiom  evaporation,  q.  1757. 
Has  an  effect  in  enabhng  the  human  fnane  to  resist 
heat.  A  88,  q.  1772.  Perspiration  kept  up  by  taking 
fluids  into  the  stomach,  q.  1773.  Men  ^iho  do  not 
perspire,  q.  1788-1789. 

A  man  could  hardly  work  in  a  temperature  exceeding 
10U°  with  a  very  free  perspiration  and  a  very  firee 
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evaporation  without  ii^jur^  to  his  health.  A  95. 
q.  1931-1934.  More  perspumtion  without  evaporation 
would  increase  the  tonperature  of  the  body.   A  97, 

q.  1970. 

Petroleum  : 

Instances  of  petroleum  vessels  taking  fire.  Petrolenm 
over  the  surface  of  the  harbour,  and  dwnaging  a  great 
number  of  ships.    B  50,  q.  702. 

Not  profitable  to  make  oil  by  distilling  shale  woen 

rroleiuu  is  at  much  less  than  181.  or  201.  a  ton. 
51,  q.  1704.    Use  of  petroleum  not  economical 
unless  the  price  of  coal  rose  to  5/.  or  6/.  a  ton,  q.  706. 
Experiments  wilii  petroleum  toj  economical.   B  73. 
q.  1044. 

Fbilufs,  Frofbbsor  Jorn  : 

Evidence  of.   D  78-89. 

States  that  in  the  district  which  lies  between  the  south 
end  of  the  Durham  coalfield  and  the  nrath  end  of  the 
Yorkshire  coalfield,  a  number  of  trials  have  been  made 
for  coal,  and  that,  in  each  case,  the  experiment  has 
been  dropped,  just  about  the  place  in  the  geol<^cal 
series  where  it  would  have  been  desirable  to  burm  it. 
D  78,  q.  641. 

On  the  eastern  houndaiy,  between  the  coalfields  of 
Yorkshire  and  Durham,  the  Permian  rocks  have  been 
subject  to  denudation  of  a  very  remarkable  kind  at 
some  ;early  period.  All  the  country  to  the  west  is 
an  elevated  tract.  The  rising  of  the  strata  on  the 
southern  boundary  of  this  tract  is  almost  exactly  to 
the  north.  The  stratifications  rise  to  the  nw^ward 
of  the  true  coal  measures,  ud  occupy  aU  the  epsoe 
from  ^  Leeds  country  to  tiie  buiV  of  Ae  Tees. 
'Hunks  it  probable  that  ftnrther  researdi  will  diow  the 
occorrenoe  of  the  Canister  bed  nortii  of  Bip<m.  In 
the  southern  collieries  of  Durham  the  lower  beds 
of  coal  are  ascertained  to  turn  up.  Proper  position 
of  the  stratifications  to  the  east.  At  the  southern 
boundary  the  coal  measures  sre  known  experimentally 
to  pass  under  the  Permian  series.  Yoriuhire  ooau 
fouud  on  the  north  side  of  the  Biver  Aire.  Believes 
that  the  Ganister  coal  there  is  the  most  persistent 
of  all  in  the  kingdom.   D  78-79,  q.  641. 

Probability  that  coal  runs  far  to  the  eastward  direction 
of  the  outcrop  of  the  northern  coalfield  toward  east- 
south-east.  Best  situation  to  try  for  coal,  south  of  the 
line  of  the  Yorkshire  outcrop,  or  north  of  the  line  of 
the  Durham  outcrop.  IVial  should  be  made  at  » 
oreat  deptii  in  the  northern  part.  Mid  at  a  consideralde 
dq)th  in  the  soathon  part.  D  80,  q.  641. 

Does  not  think  that  the  antidinal  shuts  out  the  vrdbtr 
bili^  of  coal  in  tiie  southern  part  of  the  vsle  of  Yoric, 
or  tiie  esstem  {jvt  of  Qeveland,  q.  642.  AU  the 
Derbyshire  stratifications  are  generally  beds  breaking 
off  to  the  south  in  such  a  manner  that  at  some  punt 
the  Mountain  Limestone  is  in  contact  widi  die  super- 
incumbent New  Red  or  Permian  stnta.  at  another 
pmnt  the  ahsles,  which  correspond  wi^  the  Ywedsle 
rocks,  are  in  similar  contact,  at  another  point  the  Mill- 
stone Grit,  and  at  another  point  the  proper  coal 
measures.  Ancient,  eroded,  worn,  and  degraded  boun- 
dary cannot  be  shown  distinctly  to  be  a  fault  line.  Left 
much  at  a  loss  to  give  an  opinion  as  to  the  continua- 
tion and  deptii  of  these  strata  to  the  south,  q.  647> 
Exposure  of  the  Ashhy-de-la-Zouch  coalfield  not  oom- 

Slete.  A  disturbed  outline  on  the  nwth,  and  also  a 
iaturbed  country  on  the  south,  q,  648. 
Thinks  that  noising  like  a  continuous  coalfield  will  be 
found  between  the  Nottingham  coalfield  and  the  coal- 
fidd  of  Asfaby-de-la.Zonoh.  His  opinion  unfovourable 
for  a  great  part  of  the  space  to  the  south  of  the  Deri»- 
shire  and  Nottinghamshire  coalfield,  and  nrarth  ai  uie 
Ashby-d^-la•Zonch  eoolflehl.  D  81.  q.  648. 
Continuation  of  the  Scandinavian  GneiM  through  the 
Scottish  country,  and  also  tiie  oontinuatifHi  fron  Ae 
Highland  district  at  Scotiand  into  IXmenl  and  that 
elevated  region  of  Ireland.  If  antieUnaT  is  liable  to 
rolls  coal  may  be  fonnd  in  some  of  the  hollows, 
q.  655. 

Cannot  help  thinking  that  we  are  sure  that  we  possess, 
in  the  Chamwood  Forest  district,  the  evidence  ot  a 
a  great  anticlinal  roll.  D  82,  q.  662.  Thinks  tiiat 
where  the  anticlinal  ridge  comes  to  an  end  tiie  coal  is 
continuous  for  a  considerable  distance  on  the  south- 
west side  of  that  ridge.  Would  think  it  by  no  means 
unwise  to  recommend  sinking  for  coal  to  the  south- 
east of  the  axis  of  Chamwood  Forest,  q.  664. 

Is  under  the  impression  that  it  is  impossible  to  escape 
the  belief  that  at  some  time  or  other  the  great  coalfield 
of  Leicestershire  was  connected  with  the  coa^eld  of 
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Wanriokshin.  la  <tf  opinjou  .that  in  the  tnot  of 
oouatrr  between  them  ooal  'OzUtSi  and  tiiat  it  uaata  in 
parallel  hollows  and  troughs  numing  in  the'  dirada(m 
of  the  fifTeat  axis  of  movmient,  q.  667. 

His  impression  is  that  the  bet  of  the  neat  inecriuIitiBB 
between  the  Fermian  series  and  the  New  Red  Marls  is 
rathra  to  be  explained  b^  the  ciroumstuooB  of  their 
original  deposition.   D  83,  q.  672; 

Thinks  that  Magnesian  Limestone  ought  not 'to  be  ex- 
pected in  the  sinkings  south  of  the  Nottinghamshire 
coalfields,  q.  67S. 

Is  much  disposed  to  beUere  that  the  carboniferous  rocks 
and  the  Camlnian  rodu  of  tiie  Ldcestenhire  ooajfield 
and  Chamwood  Forest  foorm  m  division  and  burior 
betwem  the  Permian  loolu  of  tiw  Nottiii|[himihixB 
district  and  tiiose  of  the  WanHokahiie  distno^  q.  6^. 
.  Thinks  that  he  is  obliged  to  believe  that  a  great  quan- 
tity of  coal  measurea  underlie  the  plains  lying  between 
tiie  North  Welsh  coalfields  and  the  coalfields  ol  Im- 

.  cashire^  Qieihire,  and  North  Stafibrdshire.  D  84, 
q.  686.  Is  disposed  to  think  that  there  mav  be  reasons 
for  sepantii:^,  as  original  deposits,,  the  Sonth  Staf- 
fordshire coa&eld  from  the  Chalbrook  Dak  coalfield, 
q.  693. 

-Same  imperfeotion  and  incompleteness  in  the  original 
deposit  of'  the  coal  of  the  Forest  of  Wyre  as  in  that 
along  the  rai^^  of  the  Abberley  Hills.  D  85,  q.  697. 
Has  no  sufBcieDt  knowledge  to  speak  of  the  ooialfields 
of  the  Forest  of  Wyre  and  South  Btaffosdshire  as  being 
'  •  representatives  of  each  other,  q.  702.  Would  expect 
coal  to  be  found  in  tiie  area  which  lies  between  South 
Stiflordahixe,  Warwidubin,  and  the  oonntix  whidi 
erionda  into  Glouoeatershire,  and  on  ti»  east  aide  of 
the  Malvern  and  Abbari^  Hilb  towuds  the  Bziatol 

.  corifldd,  q.  703.  Thinks  that  coal .  exists  to  a  large 
extent  uDder  Gloueestershize  and  awajr  towards  War- 
wickshire, q.  704. 

Would  have  no  difSeulty  in  drawing'  a  line  for  the 
.Mountain  Limestone  from  some  puH»  south  <^  the 
Boulomuus  towards  Cbndleigh.  D  86,  q.  707.  Would 
admit  that  the  true  eoal  measuree  followed  on  tiie  Old 
Mountain  Limesiohe  floor,  q.  708.  / 

Great  lines  of  ancient  movement,  east  and  west  axis, 
traced  through  the  aoutil  of  Ir^nd,  Wales,  the  ooun- 
iiy  about  Boulogne,  down  the  valley  of  tiie  Meuse 
,  across  the.  Rhine,  and  through'  the  country  of  Elber- 
faldt.  Mountain  Limestone  continnous'  wrough  this 
'  space.  'Hie  ooal  lies  on  the  norUiem  side  of  this  axis, 
q.  710.  One  grend  system  of  annent  movement  from 
ine  western  otnmitn  of  the  sonth  <tf  Irebuid  right 
across  l^diumd.-  Has  no  hentatitm  in  dnwing  the 
fOrobahLe  continnatMn  of  the  Somersatahize  floalfleTd  a 
good  way  to  liie  east,  q.  711.  Would  be  ineyned  to 
think  that,  somewhere  other  along  tbe  course  oS  the 
long  axis  he  has  mentioned,  red  rocks  afaoold  appear; 

-  bnt  th&t  tiiiB  would  be  merely  a  local  intermption  of  a 
general  system  which  might  verr  truly  b*  r^raeented 
to  be  -a  ccmtinnous  sjrstam,'  probably  contwning  good 
ooal  throughout  the  greater  part  (tf  the  range.  D  86- 
87.q..716.   Feasible  depttiB,  q.  717-719. 

Nowhott  on  the  southern  side  of  the-  ^reat  antidinal  is 
'there  a  considerable  coalfield,  except  m  Franee.  D  87, 
q.  721.  It  appears  to  him  probable  that  ooal  exists  in 
>  '  a  great  portion  of  the  Vale  of  Eden,  including  the 
northern  part,  but  excluding  the  southern  put  of  it 
shout  Kirkby  Stephen  and  F«nrith.  D  89,  722. 
Folds  about  Fendlehill  very  deep,  and  adinit  coal 
measures.  Experiments  tried  here  ought  not  to  be 
considered  as  settling  the  question  as  to  ooal  in  this 
district,  q.  722. 

PhOspAobus  : 
Taken  ont  of  iron  by  paddling.   B  64,  q.  890. 

P1A.N0-PORTK  Makbks: 
Suffering  in  a  temperakoe  of  80°.   A  90,  q.  1823. 

FiLLAK-AND-STALIi  SyBTBIC  OV  WORKINQ : 

Pursued  in  the  Jane  pit.  A  45,  q.  810-813.  NQ^much 
diffteence,  so  far  as  convenience  of  working  is  con- 
cerned, between  long-wall  and  pillar-and-stall,  when 
the  temperature  is  excessive.  A  46,  q.  823.  Can  keep 
the  air  under  better  coatirol  by  board-and-stall  than  by 
long-wall,  q.  824.  A  man  would  be  as  oool  as  by  the 
long-wall  ^stem,  q.  827.  So  frj  as  the  droulation  is 
concerned,  there  would  be  no  difference  between  the 
long-wall  e^stem  and  the  pilluvand-staU  system, 
q.  ^2. 

Less  quantity  of  co*l  got  by  pillar-and-st^  than  by 
long-wall.  C14,q.^^-3^. 


Up  to  within  a  few  years  the  01^  system  known  in  the 
northern  part  at  the  Sonth  Wales,  ooalfield.  C.  17, 
q.  409.  Loss  of  coal  on  the  pDl<ir-&iid-Bt&ll  system 
enoimouit  'q,  .500.   In  South  Wales  attention  is  .uot 

•  mid  to  keeping  the  pillars  of.  a  uniform  thidtness. 
C20.q.fi76.  ■ 

A  sort «  piUv^d-st^  system  reoent'y  introduced  into 
the  BaznsUr  Colliery.  C  37,  q.  1061-10&3.  The 
more  general  mtem  of  working  the  Ten-yiid  ooal  m 
the  Sonth  StaAwdshize  and  East  Woroestershiie  coal- 
field. C  77,  q.  2157.  Very  expensirB  to  work  ont 
one  or  one  third  of  the  ooal  underneath  towns  by 
pplarandstall.  CdO,  q. 2449-346a 

PiLTiNGTON  Hill: 
Eneriment  on  the  temperature  of  the  ooal  under  it 
Temperature  of  coal  54}°  at  a  depth  of  463  feet  behnr 
tiie  sur&ce,  and  at  a  distuioe  of  320  yards  from  the 
shaft.  A61,q.  UOL 

P1PB8  AND  BRATncDro: 
Veutiktion  by.   C  4,  q.  47-66. 

Fit  Room: 

Economising  d.  by  inteimediate  levels.  C  24,  q.  690- 
691. 

pLAcas ; 

To  be  investagatod,  and  membon  to  condact  the  invoiti- 
gation.  P.  4. 

Flan  : 

Of  the  main  coal  seam,  Elemore  CoIUery.   A  62. 

Of  method  adopted  in  working  coal  in  Cheshire.   C  24. 

Plans  of  Coal  Workings: 
Snitable  place  tor  depositing  them  in  every  conntv  or 
district  C  35,  q.  1077. 

Platb  Glass  Fuenacbb  :  ' 
Luge  economy  of  fnel  fay  ^iplying  the  icneoentor. 
B  38,  q.  487. 

Platt: 

Tried  Bessemer  steel  tat  boiler  pbtes.  Boilers  were 
tried,  and  gave  mSAetixm.   B     q.  847. 

Flatinuk  ! 

When  the  world  reaches  a  higher  state  of  knowledge, 
idatinum,  or  some&jng  da^  win  be  used  for  bc^len, 
instead  of  iron  or  steeL   B  74.  q.  1062-1054. . 

FlBNTY  of  BoILBR  POWBRI 

Prevents  smoke.    B  23,  q.  290. 

POBTLAMD  OOLITB: 

Fosriblr  cmxtiniunu  andeKround  between  Anbedc  and 
the  ValeofWaidour.  D34,q.397. 

PoBinoMOHYBN  ScHIBFBB  AT  HaKWICH: 

In  the  very  position  where  *  sooie  part  of  the  lowor  coal 
mea^iuea  would  be  expected  to  exist.  D  20,  q.  363. 

Post  and  Thurl: 
A  few  seams  worked  by,  in  the  North  Staflbidshin  coal- 
field.  C  31,  q.  886,   Carried  out  to  a  Imiited  extent 
'  in  consequence  of  the  ignorance  of  the  charter  mastos 
and  men  of  that  kind,  q.  888. 

Posting  Coal: 
None  left.  CS6,q.761. 

Pbbsbnt  Frocbss: 
Of  smelting  iron.   Tbeoretioally  practicable  to  reduce 
the  qoantily  of  ooal  10  per  cent,  li^y  it.  B  40,  q.  515. 
Limits  of  cHmtmiy  neoriy  readied,  q.  519. 

Pbbstwich,  Josbph: 
Bvidenoe  of.   D  4-6. 

Somersetshire  coalfield.  D  4,  q.  1.  Diffbreut  din  of 
the  beds  in  the  neighbourhood  of  Bath,  q.  2-3.  Ccutl- 
fidd  of  Radstock  near  Bath  worited  nndaniMth  die 
Red  Bfail  and  the  Lias.  D  5,  q.  a  District  forms 
ntaAf  a  ocnnplete  barin,  q.  4.  Coal  measures,  where 
lost  si^^t  of  on  the  eastwd  rang^  dip  to.  ^  west, 
q.  6.  Coalfield  at  Radstock  most  easterly  baun  at  the 
coalfield,  q.  Bearing  of  the  oodfield  to  the  newer 
rocks,  and  the  extent  to  which  it  passes  under .  them, 
q.  9.  Ridge  of  Mountain  Limestone  passing  almost 
round  this  coalfield  to  westward.  122,200  acres  in  the 
Somenetehire  basin  covered  by  formations  newv  than 
the  Coal  measures,  q.  10.  Trial  boring  made  at  Comb- 
Hay,  q.  13.  Trial  made  near  Mdls.  Oolite  and  Lias 
paned  through.  Coal  meMuiee  anired,  upp«  pert  ot 
wluoh  dipped  slightly  eastward,  q.  18.  Thinness  tS 
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tiie  N«v  Bad  Mul  uxd  tiie  Mignenan  Con«lonior^ 
q  21-2.  Fiobsbi%  of  finding  other  ooalfialdB  farther 
^MtaPtfd,  oovwd  entoefy  by  the  ■eoondarr  «»"■ 
D  6.  q.  25.  Dip  of  the  coal  meaanres  Iom  atToxoote 
ti»anT)etwwiMeU8MMiTiTerton,q.28,  Evidei^  of 
a  fdding  round  within  certain  limita,  q.  34.  C<»meld 
in  S<«nersetBbirB  broken  up  into  a  number  of  mdepen- 
deni  bwina^  q.  43.  Doea  not  aee  the  alightest  reaaon 
aniiut  a  ooJfield  being  entirely  oonsnd  up,  q.  w. 
^meraetahize  coameldapoaaM*  th«b  foil  devd^ 

and  are  looductive,  q.  49. 


PJUBBT  BaKBOW: 

Trace  of  iheU 
•  thiduuti. 
Sandstone 


liaa  Sand.  Lower  LiM  tednoed  in 
liaa  entire^  abaent    New  Red 

D  33.  q.  373. 


PUNTINO:  -     .  . 

To  print  dizeck  from  nno  platea,  or  to  tnada  to  Btone. 

D  77. 

Qfminutaeardend,  Sept  llth«  1866.  P2. 
Pbxvv  Council.  See  Lvmu. 

Probability!  ....  3 

Of  the  Secondary  strata  between  the  Warwickahire  and 

Leieeaterahize  coalfields  beuig  iindalaid  by  coal  mea- 
mrea.  D61,q.661, 
Of  coal  measmea  underlpng  the  area  between  the  Shrop' 
■hire  coalfield  and  the  Lancashire  coalfields  from  south 
to  north ;  and  the  North  Wales  coalfield  and  tiie  Lan- 
cashire and  Nwth  Staffordshire  coalfields  from  west  to 
east;  and  to  a  certun  extent  the  Secondary  strata 
between  the  north  end  of  the  South  Staffordshire  coal- 
field and  the  OwboniflerouB  Limestone  of  Dwbyshire. 
D  63,  q.  573. 

Of  coal  measures  b^ng  found  underneath  the  Secondary 
rocks  between  the  North  Wales,  the  Lancashire,  and 
North  Staffordshire  coalfields,  and  the  coalfields  of 
Shrewabury  and  Aahby-de-la-Zouch.   D  83,  q.  686. 

Cc»nmittee  on  ^bability  of  finding  coal  under  newer 
rooks.  D  1  to  113. 

Probable  Rahgi  of  the  Coal  Mxasvbbb  s  ' 
Under  the  Pomian  and  Secondaiy  toeks.    D  61, 
q.  466. 

Pbofbssor  Hbkry  of  Nbw  Yobk  :  .     i     ■  • 

Condition  of  water  pointed  out  by  him,  vis.,  that  it  is 
in  an  ezploain  state  when  deprmd  (tf  tto  air.  B  80, 
q.  120L 


PBOPS  : 

To  support  roof.   C  16,  q.  397. 

Fbdbsia  t 
Stores  in.   B64,q.  763. 

PbuBBUN  GOVXBNHBMT  : 

Beport  publiAed  by.  B  43,  q.  666,  q.  678. 

Publication  or  Blvb  Books,  Maps,'  &c.  D  96. 

Pqdolb  Cimdbb  : 
Obiteotionto.  B36,q.4l9. 

PUDDLINO  FURNACB  : 

First  cost  of  a  puddling  furnace  with  gas  would  cost  tiie 
double  of  an  ordinarv  one.  B  36,  q.  441.  Supposing 
the  producers  and  the  chambm  and  apparatus  of  all 
kinds  to  be  erected  under  the  most  nvoiu^ble  con- 
ditions in  blocks  the  cost  would  be  less  than  double, 
q.  442-443. 

Waste  heat  from,  used  for  the  heating  at  boilen.  B  63, 

q.  734.  „  „ 

Mr.  Siemens*  puddling  fumaoes.  B  64,  q.  767- 

PciTS  DB  Gbbnellb  : 
Bate  of  increase  (tf  temperatoxe  with  depth  P  Fahr.  tot 
60feet.   A 10. 

FvupiNo  Engines  : 

Made  by  Messrs.  Simpson  of  Pindico.    B  75,  q.  1064. 

Duties  of  various  engines,  q.  1066. 
Cornish  engines.   B  76,  q.  1105. 
Of  the  Chelsea  and  other  wstenraks  aronnd  Lcmdon. 

B  77.  q.  H13. 

No  great  economy  of  foel  to  be  loMseen  from  the  higher 
class  of  them.   B  85,  q.  1281. 


PuBBBCE  Bbdb  : 
ThidknssB  of,  at  Pmbeck.  D84,q. 


PTKTTBBi    -  .  , 

Large  deposit  <^  iron  pyrites  at  the  Clifford  Amalga> 
mated  Minps.  Water  percolating  through  the  Elvan 
courses  deriving  its  heat  from  the  chemical  action 
going  on  in  it,   A  5,  q.  19. 

Great  deal  of  it  in  the  bench  o^tai.   C  63,  q.  1850. 


QuAUTT  or  Coal  1 
Wotw  in  pK^rartkm  to  depth.  A  23,  q.  382-366. 

Qdbstionb  roB  Witmbssbb  : 
On  possible  depths  of  working.   A  100-102. 
As  to  Uast  furnaces.   B  90. 
As  to  phtte  or  nfined  metal   B  90. 
As  to  puddling.   B  90. 
As  to  merchant  iron  and  rails.   B  9L 
On  waste  in  working.    C  98-99. 

On  the  ptobabih^  of  finding  coal  under  the  PSnoiin, 
New.  Red  Sandstone,  and  other  Bupviaeiimbent 
strata.   D 100-102.  • 

Quantity  of  Coal': 
Consumed  in  the  manufacture  of  iron  and  tUid,  5i  tons 
of  ooai  per  ton  of  iron.  B48,q.659. 


Radstock  : 

Coalfield  of,  worked  for  the  largest  portion  of  it  under- 
neath  the  Red  Marl  and  the  Lias.  O  6,  q.  3.  Ihs- 
trict  forma  neariy  a  complete  butn,  and  all  the  beds 
dip  to  toe  north,  q.  4-6. 

Ccdhery :  greatest  dqith  reached  in  the  working  of  thin 
seams,  1/5  fatfioms.   0  26,  q.  716.  . 

Valley :  strata  extsemety  th^  Whole  thiekoess  of  the 
Uppcar,  Middle,  and  Lower  Lias  redneed  to  68  fort. 
D  3%  q.  373. 

Rahbbottoh,  of  Cbbwb  ; 
States  that  the  quantitv  of  fuel  consumed  is  reduced  to 
between  one  half  and  one  third,  and  toe  waste  of  metal 
toonahalf, ^ySiaouiui'fiiniaee.  Ba6^q.427. 

Ramsay,  Pbopebbob  Andbbw  Croubib  : 

Evidence  of.  O  10-11.  D  37.  D  51^.  D  58-61. 
0  61-69.   D  69-76. 

Seocmdary  rocks  show  a  tendency  to  thin  ss  they  ap- 
proach the  Mendip  Hills.  D  10,  q.  149.  Best  place 
to  search  for  coal  a  little  further  south  of  Uie  Mendip 
HillSj  q.  153.  Section .  published  by  him  in  the 
Memtnn  of  tiie  Geologioal  Surv^,  shows  the  arraage- 
ment  of  the  sfnta  betmen  Bristol  and  the  marshea 
towuds  Glaatonbuiy  south  of  the  Mendip  Hills, 
S<»ne  evidence  that  the  coal  measures  may  underiie 
great  part  of  the  marshes.  T>  154.  If  the  coal  mea- 
sures exist  on  the  south  of  toe  Mendip  Hills,  it  is  the 
result  the  anticlinal  curve  which  threw  the  coal 
measures  over  from  the  one  side  to  the  other  side  of 
what  is  now  toe  Mendip  Hills,  q.  169.  An  enormous 
amount  of  denudation  of  toe  Mountain  Limestone 
and  of  toe  ooal  measures  shown  by  section,  q.  161. 
Bertween  the  Mendips  and  Bristol  toe  coalfield  is  a 
large,  but  not  a  r^pilar  basin,  with  a  large  anticlinal 
curve  in  the  centre  of  it,  q.  162. 

Cwinot  see  any  reason  why  another  coal  basin  may  not 
lie  to  the  east  of  the  Bristol  coslfield  concealed  by 
Secondary  rocks.  D  11,  q'.  163.  Boreholes  might 
miss  the  coal,  i{.  164.  Does  not  know  of  any  coal- 
fields in  Britain  entnelr  overiaid  bv  toe  snperin- 
cumbent  rocks,  q.  168.  Tliinks  it  prooable  that  thero 
be  eoalftelds  stiQ  undiscovered  undi^  toe  im- 
mraiato  area  of  Beamdary  rocks,  q.  172.  Ccmmderabla 
uncertain^  in  seeking  for  ooal.  undorneato  the  Se- 
oondary  rooks,  q.  174. 

Is  of  bpmion  that  the  Somersetshire  coalfield  is  an 
iaolated  basin,  q.  179-W.  Thinks  that  the  mq(mty 
of  the  flmlto  aolsoted  toe  ooal  measures  before  they 
ware  oomed  by  the  Seconthry  rodu,  q.  186.  Ground 
xosppudt  q.  189.  Is  of  f^nnion  that  anytoing  which . 
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would  promote  the  general  proiperity  of  the  country 
by  discoTcrinff  previouflly  undiscovered  coalfields 
would  be  a  great  boon  to  tbe  country.  D  12,  (j.  196. 
Lowness  of  the  ground  is,  in  his  opinion,  an  evidence 
of  the  probsJsle  existence  of  coal  measures  south-west 
of  the  Mendip  HiDs.  D  37,  q.  460.  Gk>uig  wmth, 
he  thinks  it  would  not  be  safe  to  calculate  on  reaching 
ooal  measuxee  under  a  depth  of  1,200  fieee,  q.  461. 

Forest  of  Wyre  coal  measures  unproductiyo,  or  nearly 
80.  Coal  measures  lying  on  the  denuded  edges  <n 
the  Old  Red  Sandstone  at  angles  of  about  70°.  Ex- 
treme end  oS  the  South  Staffordshire  coalfield,  unpro- 
ductire.  Prol»ble  extreme  depth  to  the  coal  measures 
between  the  Forest  of  Wyre  and  the  Clent  Hills, 
1,650  feet.  Warwickshire  coalfield  lies  in  a  bawn- 
shaped  form,  the  sides  of  which  are  cut  off  by  &ult8. 
Coal  beds  dip  westward  from  the  eastern  mai^. 
Coal  beds  at,  and  near  Dost  Hill  dip  east. 

Thinks  tbe  whole  coid  measures  must  thia  to  the  west 
approaching  the  eastern  boundary  fanlt  of  the  South 
Staffordshire  coalfield.   D  51,  q.  465. 

Coal  measures  on  the  east  side  of  the  feult  near  Lower 
Tinkers  lie  directly  on  Silurian  strata.    D  52,  q.  465. 

Bdieves  that  the  ooal  measures  of  the  South  Stafford- 
shire coalfield  are  thrown  down  on  the  west  by  a  fsult, 
and  that  th^  are  continued  underground  in  the  area 
which  lies  between  the  South  Staffordshire  and  the 
Forest  of  Wyre  coalfields,  q.  474.  Coal  measures  of 
the  sou&em  end  of  the  Soutii  Staflbrdshire  coalfield, 
between  the  base  of  the  Permian  strata  and  the  top  of 
the  Silurian  rocks,  thin,  q.  477. 

Conceires  it  possible  that  the  Forest  of  Wyre  coalfield 
may  be  the  actual  representative  of  the  South  Staf- 
fordshire coalfield.   D  53.  q-.  482. 

Coals  generally  right  tiiemselves  in  a  very  short  distance 
on  either  side  of  a  fault.    D  53,  q.  488. 

iJniestone  containimr  Spirorbis  Carbonarius  is  near  the 
top  of  the  coalflelda  wherever  it  occurs  in  England. 
D  54,  Q.  492. 

■  Is  of  opimon  that  probably  the  beds  of  the  South  Staf- 
fcnrdshire  coalfield  represent  the  upper  part  of  the 
Warwickshire  coal  measures,  q.  495. 
The  South  Staffordshire  and  the  Coalbrook  Dale  coal- 
fields assumed  to  be  continuous  under  ground.  D  64- 
66,  q.  508.  Supposed  deterioration  of  tiw  ooal 
measores  between  we  Coalbrook  Dale  and  the  South 
Staffordshdie  coalfields.  D  55.  q.  512.  Reasons  for 
thinking  so,  q.  513.  Reasons  for  supponng  that  the 
Silurian  rocka  prevail  rather  than  the  Millstone  Grit 
underneath  the  area,  q.  514.  Carboniferous  rocks  lie 
unconformably  on  an  irregular  surface  of  Silurian 
'  and  Old  Red  Sandstone  rocks  at  Coalbrook  l^ale, 
q.  516.  Silurian  rocks  dip  westward  at  a  low  angle 
when  lost  sight  of  in  the  Coalbrook  Dale  district, 
q.  520. 

-   A  great  many  valuable  coal  beds  below  the  Carboniferous 
Limestone  in  Sootland.    Is  inclined  to  think  that  the 
whole  of  the  area  between  South  Staffordshire  and 
Warwickshire  may  possibly  be  occupied  by  Permian 
strata  under  the  New  Red  series.   D  66,  q.  527-8. 
Thinks  it  probable  that  on  the  east  side  of  the  fault  on 
the  eastern  side  of  the  Warwickshire  coalfield  coal 
measures  may  be  found  at  a  depth  of  600  or  800  feet, 
and  that  they  may  be  continuous  under  ground  all 
the  way  to  Chamwood  Forest.   Considers  it.  probable 
that  coal  measures  may  be  found  underneath  the  New 
Red  Sandstone  all  tiie  wav  to  the  Warwickshire  coal- 
field.  Doubtful  if  profitable  coal  measures  should  be 
finind  near  tbe  north-east  side  of  the  boundary  fault 
between  Nuneaton  and  Atherstone,  and  further  east 
to  the  north.    O  56-67,  q.  529.    Probable  that  no 
coal  mrasurea  proper  occur  anywhere  between  Charn- 
wood  Forest  and  the  River  Soar,  or  further  to  the  east 
towards  Wyssel,  q.  531. 
Two  small  coalfields  cropping  out  from  underneath  the 
Permian  strata  on  both  sides  of  the  qnutz  rock  of  the 
Lickey  Hills,  q.  532. 
'  Lines  marking  the  top  and  bottom  of  the  different 
Secondary  and  Permian  formations  which  crop  to  the 
sur&ce  on  the  edges  of  the  coalfields,  sbowmg  their 
probable  arrangement  underground,  and  the  probable 
thickening  and  thinning  of  tfese  fcffmations  in  various 
areas.    D  58,  q.  533. 
Patch  of  coal  measures  in  the  middle  of  the  Permian 
strata  round  Arley  Wood.    D  58,  q.  534.  Possible 
that  directly  northwards  from  Sapcote  to  Markfield 
the  older  Paleozoic  strata  mc^  he  directly  beneath 
the  New  Red  Marl  and  Lower  Keuper  Sandstone, 
without  the  intervention  of  coal  measures,    1)  59. 


BA 

q.  534.  No  coal  measures  known  norUi-east  of  the 
hne  of  strike  of  the  Chamwood  Forest  rocks  north- 
ward, q.  538. 

Thickness  the  South  Staffordshire  coalfield  in  Can- 
nock Chase  unknown.  Warwickshire  coalfield  lies  in 
a  depression  of  the  PalsoEoio  rocka,  q.  641,  If  coal 
measures  underlie  the  strata  between  the  Coalbrook 
Dale  and  South  Staflbrdshire  ooalflelds,  they  might 
be  found  at  a  depth  of  about  3,300  feet  from  tbe 
sniCsce.  D  60,  q.  545.  Hunks  it  very  improbable 
that  the  same  lower  ooal  measures  exist  intermediate 
towards  the  southern  end  of  the  Coalbrook  Dale  coal- 
field and  the  South  Sta&rddiire  coalfield  as  ^  as  tiie 
latitude  of  Wolverhampton,  q.  649. 

Near  Cliff  Hall  and  Kingsbury  aSi  the  workable  ooal 
beds  dip  easterly  at  an  angle  of  about  45°.  Patch  ctf 
Permian  strata  faulted  against  the  coal  measures  at 
Callas.  Occurrence  and  thickness  of  the  Permian 
strata  north  of  Shuttinston  very  obscure.  Believes 
that  coal  measures  would  be  fimnd  below.  Probable 
that  these  coal  measures  are  joined  under  ground  to 
the  coal  measures  of  the  Leicestershire  coalfield, 
q.  550.  The  patches  of  the  New  Red  Sandstone  in 
uu  oentre  of  tne  Leieestersbire  ooalfidd  show  that  it 
was  once  entirely  concealed  by  New  Red  Sandstone 
strata.   D  61.  q.  660. 

Ftobabih^  of  the  seoondaty  strata  between  the  Warwick- 
shire aad  Leicestershire  coalfields  being  underlaid  by 
coal  measures.  D  61,  q.  551,  Supposes  that  tbe 
Warwickshire  coalfield  is  id  a  basin  sqiarate  from  that 
(rf  the  Leicestershire  coalfield,  because  it  crops  to  the 
east  and  that  the  Millstone  Grit  is  got  underneath 
near  Nuneaton.  D  62,  q.  652.  Thinks  that  the  coal- 
fields were  originally  continuous,  but  that  they  have 
been  cut  up  b^  undulations  and  denudation,  q.  554. 
Coalfields  originally  continuous,  q.  555.  Time  when 
they  were  one  coalfield  was  probaoly  before  the  depo- 
sition of  the  Permian  strata,  q.  5o8.  Does  not  see 
what  this  planet  having  been  a  disintegrated  portion 
of  a  very  much  loiter  mass  has  to  do  witn  the  question 
of  the  original  continuity  of  the  coalfields,  q.  559. 
Millstone  Grits  and  Yoreaale  rocks  separate  the  Derby- 
shire from  tbe  Leicestershire  coalfield,  q.  563.  Coal 
measures  thrown  down  by  a  fault,  and  overlaid  by  the 
Lower  Keuper  Sandstone  and  New  Red  Marl  at  fiar^ 
donHDl.  D63,q.667. 

Bdieves  that  there  are  only  Cambrian  and  granitic  rocks 
on  the  east  side  of  Chunwood  Forest,  q.  671.  New 
Red  SandstoM  lying  direoi^  upon  the  ooai  measoxes 
without  the  intervention  <rf  tite  Pcrauan  stiata.  Pro- 
bable that  the  top  of  the  Leicestershire  Millstone  Grit 
joins  that  of  North  Staffordshire  under  the  New  Red 
Strata.  D  63,  q.  573.  Underneath  the  Rhcetio  beds 
of  Bagots  Park  the  coal  measures  might  be  found  at 
a  depth  of  about  1,500  feet.  D  64.  q.  573.  Thinning 
out  of  the  whole  of  the  New  Red  Series,  q.  -679. 
Eastern  boundary  of  the  Coalbrook  Dale  coalfield  a 
nonconformity,  q.  583.  Has  no  hesitation  in  saying 
that  the  eastern  and  western  boundaries  of  the  South 
Staffordshire  coalfield  are  fiiults,  q.  583. 

Le  Botwood  coalfield  partly  faulted  against  the  Cambrian 
rocks,  and  nartiv  overlying  the  Cambrian  rocks  in  an 
extremely  unconformable  manner.  Considers  that  it 
would  be  unsafe  to  suppose  that  any  coal  would  be 
found  underneath  the  secondary  rocks  in  the  r^on 
between  Shrewsbury  and  the  ground  for  eight  or  ten 
miles  towards  Chilna'  Ercall  and  Cheswardin.  D  65, 
q.  690. 

On  the  whole,  is  inclined  to  think  it  likely  the  Permian 
rocks  which  bound  the  Denbighshire  coalfield  may  be 
continuous  under  the  surface  with  the  Permian  rocks 
north  of  Pontsbmy,  iriiich  bound  Pontsbuiy  coalfield. 
D66,q,  694.  Thewholeoftheaieabetween  the  Welsh 
and  the  North  Staflbrdshire  coalfields,  veiy  much 
obseored  by  drift.  Probable  that  coal  measures  may 
lie  underneath  the  great  basin  that  lies  between  the 
North  Staffordshire  and  the  Denbighshire  coalfields. 
D  66-67,  q.  596.  Unsafe  to  oonsider  that  the  work- 
able coal  measures  exist  for  a  space  in  the  coitreof  the 
plains  of  Cheshire.  D  67,  q.  597.  Coal  measures  not 
cut  off  by  a  fault  so  far  as  they  have  been  traced  in 
their  eastern  dip  in  the  Denbighshire  coalfield,  q.  598, 
Permian  strata  make  the  shrnce  west  of-  the  &uH  at 
Field  House,  forming  a  broad  tract  at  the  soothem 
end  of  the  western  part  of  the  North  Staffordshire 
coal6eld,  under  which  the  whole  <rf  the  coal  measures 
down  to  the  Millstone  Grit  may  lie.   D  68,  q.  599, 

New  Red  Marl  brought  by  a  fiiult  against  tbe  Yoredale 
rocks  which  underlie  the  Millstone  Grit  between  Con- 
glet<»i  and  Macclesfield.  Fart  of  the,  plain  of  Cheshire, 
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Bupposod  to  be  without  ooJ  meMniw.  D  68-69,  q.  60U. 
H&Ja  and  hUly  ground  iodioating  deimd«ta«i  m  » 
faulted  country.  D  69,  q.  602.  ^Thinks  Aat  th«  great 
thickness  of  the  Mandiestflr  eo^ld  in  the  neighbour- 
hood of  Manchester  renden  it  probable  that  the  coal 
neasnxes  uttood  to  a  very  considerable  distance  to  the 
south-west.  D70,q.  604.  A  gentle  rise  of  ground  in 
the  Lancashire  ooidfleld  until  the  coal  meaaurcs  crop 
out,  q.  608.  Distorbanco  of  the  strata  which  threw 
the  coal  measures  into  anticlinal  and  syndinal  cams, 

Fe^lB  quite  satisfied  that  to  the  west  of  the  fault  which 
bounds  the  Carboniferous  rocks  between  Congleton 
and  Macclesfield,  it  is  ahnost  a  dead  certainty  that  no 
productive  coal  measures  will  lie  for  a  considerable 
aistance.  C  71,  q-  613-  G"**  ^'n"  •?*  to  be 
divided  into  smaller  ones,  617-  t        ■  j. 

At  Bradbury,  the  higher  strata  come  lO  above  the  bamstw 
beds  ;  immediately  afterwards  the  Permian  wwks  axe 
faulted  against  what  may  bo  called  the  middle  coal 
measures.  D  72,  q.  618.  Section  runraig  from  west 
to  easiL  from  the  New  Red  Sandstone  of  Doghill  Green, 
■  Cheshire,  to  across  the  Poynton  coalfield,  and  part  of 
the  lower  coal  measures  of  the  Goyt  trough  west  of 
Hayfidd,  q.  627-  Coal  measures  brought  up  by  a 
fhult  to  the  surfiMe  beneath  Monton  Green,  dip  swth- 
westeriy,  and  pass  under  the  Permian  looka.   D  73. 

ProbSties  in  favour  of  coal  measures  underlying  the 
Wirral,  both  to  the  south  and  to  the  north  of  a  lirc  of 
section  running  between  Krkenhead  and  Uttle  Eye. 
D  73,  q.  629.  „  . 

Rocks  on  the  south-east  ode  of  the  Menai  Straits  a« 
traversed  by  a  long  south-west  and  north-east  fcjutt 
which  throws  in  the  Carboniferous  limestone  and  Red 
Marly  beds  of  the  Carboniferous  seriM  agauut  ttiat 
granitic  kind  of  porphyry  ^ch  runs  from  Cm- 
narvon  northwards  towards  Bangor.  D  74,  q.  &*4. 
Whole  of  the  low  ground  of  Anglesea  and  of  the 
M^oiniug  low  country  of  CMTnarvonshire  an  un- 
dolsting  idain.  before  the  depoution  of  the  Old  Red 
Sandstone  and  Carbonifapous  rocks  of  the  country, 

aievBS  that  the  Anglesea  coalfield  was  originally  con- 
tinuous with  the  Flintshire  and  Denbighshu*  coalfields 
and  all  the  other  coalfields  which  surround  the  great 
plains  of  Cheshire,  q.  635.  Bcrw  pits.  D  75,  q.  636, 
Magnesian  Limestone  lying  almost  conformably  upon 
thecoal  measures  at  Abbey  Wood.   D  75,  q.  636. 

Bafiditv  op  Cooling  : 

In  G^nstone  at  East  Wheal  Cro'bf.   A  106. 
In  clay  slate  at  Wheal  Vor.    A  105. 
Id  limestone  in  Colorado  Mine.  A,  106. 


By  ventihition.   A  69,  q.  1074-1078. 
Of  the  depth  of  grates,  Eoonraoy  of  fad  eCfocted  by  it 
about  one  fourth.    B  68,  q.  997. 

Rrbdnkss  ; 
Borehole  at.   D  96,  q.  779. 

RnOBNERATITI  GAB  FuRNACB  :  ^ 

DeKription  of  its  great  advantages  in  economising  fuel. 

B  3,  q.  1.  Extensively  applied  to  steel  meltii^  abroad, 

in  the  United  States,  and  elsewhere.   B  7,  Q.  82. 

Beginning  to  be  employed  extensively  in  Sheffield, 

Leeds,  and  other  places.    B.  7,  q<  83. 
Cost  of  applying  a  gas  apparatus  to  an  wdinaty  zeverba- 

tory  furnace,  q.  84-90. 

RSGBMBRATORS : 

Applied  to  puddling,  to  reheating  of  iron  and  steel,  to 
steel  melting,  to  glass  melting,  to  the  heating  of  zinc 
retorts,  to  calcining,  to  enamelling,  and  to  chemical 
works.  B  4,  q.  14.  Used  in  connection  with  the 
blast  fumaoea  for  heating  the  stove,  q.  16. 

RBOVLAflNG  Valvb  : 
Of  Arnott's  Store.   B  33,  q.  391. 

Rental : 

Fixed  by  the  quality  of  the  beds  of  coal,   C  7,  q*  190. 

Rbplies  to  Circulars  : 
A  1,  A  103-108. 
C  1,  C  99-100. 
F^  Mr.  Wright.   C  99. 
Prom  Mr.  Davidson.    C  99-100. 
Replies  to  Circular.    D  1.    1>  103-109. 
From  Robert  Harkness.   D  103-104. 
From  Edward  HuU.   D  105-109. 

Riport: 

On  Steam  b<»lBn  for  the  month  of  March  1869,  in  the 

Rc^al  Laboratcnry  Department.    B  71-72. 
On  hot  lode.   A  98. 

Rbpobtb  by  Mkmbkrs  of  the  Comuission  : 
John  Hartley.    P.  32. 
John  Th.  Woodhouse.   P.  32-33. 
J.  Beete  Jukes.   P.  34-35. 
Secretary.    P.  3S-39-40-41. 
Charles  W.  Franks.    P.  41. 
Secretary.   P.  43. 
Secretary,    P.  61-52. 
Sir  Roderick  Murchison.   P.  53. 
John  Hartley.    P.  56. 
J.  Prestwieh,  F.U.S.   P.  57-58. 

See  V^.  I.  for  22  R^rts  by  Reporters,  and  for  G«unl 
Report :— Vol.  IIL  for  Report £.  Statistios. 


Bottom  coal  not  worked.  C  12,  q. 

^oTincrease  of  temperature  with  depth  in  an  increasing 

ratio.   A79.q.  W-    ,       .  .  .    „ 

Of  remuneration  sanctioned  to  muung  engineers,   r  iw. 

Ratio;  .        ,  . 

Of  increase  of  power  necessary  Use  producing  an  mcrease 

To  get  10,000  cubic  feet  of  air  timmgh  instead  ^  fi.000, 
eight  times  ^  power  is  required.   A  43,  q.  7^2-734. 

Raw  Coal: 

Used  instead  of  coke.   B41,  q.629. 
.   Softnew,  an  objection  to  its  uie,  q.  633. 

Reason: 

Why  the  power  required  to  circuhite  aur  m  a  mine  m- 
creases  in  a  ratio  rather  higher  than  the  cube  of  the 
quantity  of  wr  circulated.   A  48,  q.  884. 

For  using  coke  or  Welsh  ooal  in  the  production  of  steun. 
B  84,  q.  1267. 


Rbd  Hahatitb  : 
Used  for  fettling. 


B  35,  q.  421. 


Rbddction:   

Of  temperature  by  condensed  air  being  allowed  to  expand. 
A  51,  q.  941-944.  Whole  cooling  effect  due  to  the 
expanuon  of  air  would  be  the  loss  of  heat  due  to  the 
compression  by  the  pipes  and  the  compressing  cylinder. 
A  ei-63,  q.  982-986. 

Of  the  temperature  of  the  strata  by  exposure.  A  68, 
q.  1068-1U7O. 

4 


Rbposting  : 
In  newspapers. 


P.  26. 


Rbvbbbbhatory  Fubnacb  : 
Atmosphere-  <tf,  always  necessarily  oxidising, 
q.  212. 


B  14, 


RiODLB  : 

Sixe  of,  for  dust  and  for  slack,  a  quarter  of  an  inch. 
C4,q.  72. 

Rolling  Stbbl  : 
Process  of.    Properties  of  steel  chuiged  by  rolling. 
B  46,  q.  688.  / 

RoPBS : 

SuperitHi^  of  iron  and  steel  ropes  to  hempen  ropes. 
A39,  q.642.  Flat  sted  ropes.  A  63,  q.  1280.  Round 
ropes,  q.  128a 

ROBBBRIDGB  COLLIBRV  : 

Experiments  upon  the  temperature  at  various  depths  by 
Mr.  Bryham.   A  12.  .  Tables  1  and  2,  showing  the 
temperature  of  the  intake  and  return  air  at  various 
depths.    Table  1  showing  temperature  of  steta  at 
.  various  depths.   A  13. 

Temperature  (tf  the  air  increased  1°  fox  every  300  feet 
by  depth  oi  column  and  density.  A  13,  q.  164-166. 
Letter  from  Mr.  Bryham  referring  to  tenmmtun  aiul 
depth.   A  14,  q.  170. 

Reference  to  experiments.   A  16,  q.  204,  q.  206,  q.  216. 

Greatest  depth  attained  in  the  shafts  sunk,  792  vards. 
A  63,  q.  1131.  Temperature  td  the  coal  66°  at  a 
depth  <tf  470  yards,  and  at  a  distance  of  300  yards 
from  the  shaft.  A  64,  q.  1137. 
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ROBEBRIDOB  CoLLlBIW  «Oltf. 

Reduced  temnonture  caused  by  three  yeart'  of  expomie 
to  the  air,  'q.  IWl.  Temperature  in  the  oannd  at  a 
depth  of  600  yarda,  a.  1145.  Temperature  m  the 
Deep-yard  mine,  q.  1 149.  Temperature  m  hole  drilled 
48  wria  from  uhaft  in  south  level  in  pillar,  q.  1152. 
86^  degreefl  the  normal  tempen^uie  at  a  deptii  of 
673ya«la,  q.  1156.  Temperature  in  hole  drilled  one 
yard  from  face  -of  south  level,  150  yards  fram  Bbaft, 
q.  1163.    Therraometrical  observations,  q.  Il68;-ll78- 

Greatest  reduction  of  temperature  effected  by  ventilation. 
A  65,  q.  1189-1194.   Highest  temperature  at  which 
miners  have  been  working,  q.  1200.    Iqc^^  <»' 
of  sinking  with  increased  depth,  q.  1204-12W. 

Air  current  in  the  Wigan  five-feet  seam.   A  6^  q .  121^. 

System  of  working  in  the  cannel  seam,  modified  long- 
wall  at  '600  yards  deep,  Q-  1220.  

Normal  temperature  of  83°  at  630  yards,  q-  1231. 
Temperature  of  the  air  after  travelling  2400,  074  , 
□.1240-1241.  ^ 

Working  fiaces  nnmng  backwards.  A  67,  q.  W^^- 
Letter  from  Mr.  Bryham  in  reference  to  temperature. 
A  Si.  Tables  showing  the  results  of  thennometrical 
observations  at  Roaebridge  CoUiery.   A  69. 

Introduction  of  ateel  for  ropes  and  cages,  and  the  corneal 
drum.    A  103. 

Section  and  obs«rfatioii8.   A  108  to  111. 

Rowanburn: 

Upper  Permian  Sandstones  seen  immediately  south  of 
the  faxdt  Triiich  separates  the  coal  measures  from  the 
D104. 


Fennian  atrata. 


Royal  Inbtitdtion  :  ,  .    j  •    i  ^ 

Amotf  a  stove  shown  in  tue  and  explamea  in  lectures 
mt  B33»q.a91. 

Royalty  ■ 

Barrier  left  round,  in  ChMhire.   C  27,  q.  786. 

ROYALTIBB  : 

Upon  the  coal  got.    C  50,  q.  1461. 

RuABON  Coal  Compakt  : 
Tabular  view  of  experiments  on  temperatun  at  thetr 
new  deep  pits  at  Hafod.   A  24.   See  Halod. 

^  For  buler-power  per  hcnraa-pomr.  B  23,  q.  291-292. 

RcLK,  John  : 
See  Dolooath  copper  and  tin  mine. 

RUBHTON  SpRNCER : 

Red  strata  testing  on  the  Yoredale  rooks  at  D84, 
q.  687. 

RVHOFE  COLLIBBY  !  .       «.        ^n,  -  . 

Observations  taken  at.  A  47,  q.  865.  Gives  6St  fcet 
per  dwree  of  increase  of  tuaperatara  below  the  first 
60  feet.   A  48,  q.  870. 


S. 

Salkablk  Prodocs: 

Of  ooal  per  aere.   C  7.  q-  179. 

Saltbrbporo  : 
Boring  made  at>  through  the  New  Red  Conglomonie. 
D  S),  q.  650. 

Sandsbsom,  John  Bubdon.  M.D.,  F.R.S. 
Evidence  of.   A  90-93. 

Has  given  attention  to  the  mibjeot  of  the  temperature 
wluch  can  be  endured  by  human  beinfjfs,  only  in  a 

Siunl  Munt  of  view,  in  relation  to  physiology,  patho* 
jy,  and  so  on.  A  90,  q.  1819. 
Influence  of  high  temperature  upon  piano  makers  -and 
sugar  bakers,  q.  1823.  Upon  animals,  dogs,  frogs,  q. 
1823-1826.  Gymnastic  exercises  tend  to  heat  the  boOT 
over  and  above  its  natural  temperature,  ^.  1826-1829. 
A  man  will  stand  a  high  temperature  which  one  of  the 
lower  animals  wcmld  not  stand,  q.  1829.  Increased 
respiration,  eircnlation,  and  perspiration,  the  vital 
processes  by  which  the  temperature  of  the  body  is  pre- 
vented from  rising  above  the  natural  standard.  A  91, 
q.  1833.  A  tempecatnre  of  100°  lies  on  tiw  boonduy 


between  ^osulnlity  and  hni 
without  iivuring  health,  q.  1838.  The  d&ct'of  a  tem- 
perature m  100°  or  more  would  be,  when  accompanied 
with  labour,  to  increase  the  temperature  of  the  internal 
fUiids  buyond  the  normal  condition,  q.  1839.  Effect 
of  a  damp  atmosphere  at  a  hifl^  temperature  faXtl  to 
the  capacity  of  a  man  for  working,  and  daogeroiu  to 
his  beaitii,  q.  1841-1844. 

Radiation  to  be  got  rid  of  in  measuring  the  temperature, 
q.  1S49.  Temperature  in  stoke-holes,  q.  1862.  Ex- 
posure to  high  temperature  for  short  penods,  q.  1853. 
Would  expect  that  the  inhabitants  of  hot  nimstwi 
would  stand  mnt^  higher  tem{»r«taKes,  q.  1866. 

Would  not  think  that  an  incnued  presmn  shoold  in 
any  wi^  aflsct  'ibio  power  of  enduring  an  incieasBd  tem- 
perature. A  92,  q.  1865.  Power  of  absorbing  cei- 
bonio  acid  under  mcreaaed  preasore,  q.  186&^867- 
1868.  Any  such  increased  pressure  as  could  be  pro- 
duced by  a  &n  would  exercise  no  perceptible  influence, 
q.  1869.  It  might  slkhtly  ailtet  the  discharge  of  car- 
Donio  aeid,  q,  1871-1873.  Radiation  would  Ik  inwards 
instead  of  outwards  in  the  case  of  a  man  wwking  io 
a  coal  mine,  and  surrounded  by  strata  of  a  higher  neat 
than  the  temperature  of  his  own  body,  q.  18/5-1677> 
Thinks  that  ur  in  motion  saturated  with  moisture 
would  be  unfavourable,  q.  1878-1879.  Thinks  that 
the  only  effect  of  lowering  the  pressure  <tf  air  in  a 
mine  would  be  H^jjni  fiaparity  ftf  an  iwdividntt* 
to  work,  q.  1881. 

Great  diffoenoe  between  intermediate  and  cMutantkboar 
in  high  temperatures.   A  93,  q.  1894. 

Experiments  made  up<Hi  animals,  q.  1895-1396. 

Temperatures  observed  in  stoke-holes  are  tempoatum 
obiemd  widiout  refbnnoe  to  radiation,  q.  1898. 

Amount  of  humdi^  in  a  ooal  mine  probably  greator  tiian 
in  the  opan  ab,  q.  1900.  In  hia  jndgraient  it  would 
be  painet^  in^Kwsible  to  stand  tiie  work  in  a  ooal 
mine  in  a  temperature  of  100°  witii  the  air  at  the  point 
of  aatoration,  q.  1904.  Observations  at  O^ord  minei 
and  oomspcmaenoe.  A  98-100. 

Sapcotb  Fbbbhall  : 
Boring  made  at  D  69,  q.  635. 

Saving  op  Coal  : 
By  improvements  in  the  steam  engine.  B  6,  q.  49. 

Saxony  Mines  : 
Biriiji'a  experiments.   A  10. 

School  op  Minks,  Jenuyn  Street : 
Amott's  stove  shown  in  use  and  exidaiiied  in  leutoiei* 

B  33,  q.  391. 

Scotch  Coal  : 
Adapted  to  Russell  Crampton's  mtem  at  hnmiiig  smiU 
ooal.  B31,q.387. 

Sba  Coal  Collibriis  : 
&udl  ooal  left  undemonnd  in  tium,  except  whit  is  mads 
hy  Bcnening.  C  14,  q.  407. 

Sbabau  Colubby  : 
Pitts  very  deep  and  xooh  very  good.  A  36,  q.  665. 
Worked  with  naked  lights  at  a  depth  of  1700  or  1800 
feet,  q.  677. 

Observations  on  temperature  in,  by  John  J.  AtidnaoDt 

A  46-47.  A  60,  q.  921,  q.  921-927. 
Ventilation  in.  A  67,  q.1048-1068.    A  68,  q.  10G2- 

1067. 

Seam  forming  a  baain  i 
Part  near  ue  mrfeoe  dangwmilj  gHaooi.  A  37,  q.  685. 

Sbahs  op  Coal  : 
Now  being  worked  in  Somersetshire.   0  25,  q.  711* 

Sbaton  : 

One  hidf  of  the  whole  coat  of  working  the  ooal  oouiali 
in  the  manual  abour.  A  36,  q.  Bol, 

Sbcondary  Dbpobitb  ; 
North,  south,  and  east  of  the  Mendip  Hills.  Desirable 

to  ascertwn  tiiur  thickness.   D  33,  a.  373. 
Secondary  rocks  lie  directly  upon  the  (Ad  Red  Sandstone 

and  the  Carboniferous  umestone  on  the  eeat  nde  of 

the  Mendips,  q.  375. 

Sbcrbtary  appointed  to  serve  on  all  ownmitteee,  and  on 
the  commisrion,  at  a  salaiy  erf  4001.  a  year,  fbv  eight 

ofBoes. 

Attendanoei  at  meetings.   P  l.Jntylit,  186fi. 
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SSCBBTART— con*.  '  '  ' 

General  ftttendanoe  to  aOee  wwk,  editmg,  &c.  aee 

these  volumes. 
His  opuuon  with  xcwd  to  incnue  of  tempoaton 
-    wi&deptb.  quoted  by  Eniot.  A32,q.464. 

SlCTION  :  w  « 

Made  under  ground  Irr  X^rofeaior  Jukes.   P.  So. 

Of  the  Ne«&^  mlfldd.  C  42.  Across  the  north 
part  of  the  Wivwiekshire  cx»lfield,  and  through  to  &e 
Ldcestmhire  codfield  and  the  southern  part  cf  the 
Derbrshire  coalfield.   D  60,  q.  660. 

Running  from  north  to  south  aeross  the  LeicerterBhire 
ooamSd.   D62,q.563.  «  ,  „ 

From  the  Trent  through  Coleorton  coalfleld  to  Bardon 
Hill  fhmi  north-west  to  south-eart.   D  63,  a.  667. 

Bunniog  across  the  South  Staffordshire  coalfield  fi»m 
south  to  north,  and  the  Red  Marl  and  Rhoetic  beds  of 
Bagot's  Park  to  the  Carboniferous  Limestone  of  the 
Weaver  HiUfl.   D  63,  q.  573. 

Of  ground  from  the  Upper  Silurian  rocks  across  we 
upper  coal  measures  near  "Winnington  Green,  the  Per- 
mian rocks  of  Albcrbury,  and  the  New  Red  Sandstone 
andMarl,toHurstweUandBa«ohurch.   1>  66* 

Across  the  southern  end  of  the  Derl^shire  coalfield  from 
west  to  east,  from  Pfcnt-tw-Cefti  by  Dryfl  ioutb,  of 
Oswestry,  to  Boreaton  Park,  Shropshire,  croering  Ca^ 
bonihrouB  Linuatone,  ooal  measures,  and  New  Bod 
Sandstone.   D  66,  q.  S93. 

Fkom  the  Carboniferous  Limestone  of  Cem-y-Fedw,  near 
Llangollen,  acro«s  the  Denbighshire  coalfield,  the  plam 
of  Cheshire,  and  the  south  end  of  the  North  Staiford- 
shire  coalfield  to  WaterfeU  Low.   D  66.  q.  596. 

From  Woo^^  north-eaeterlr,  tfaxoogh  Newcastle,  Hudey, 
and  the  coal  measures  of  Westwood  Phrk.  to  Homdge. 
D  67,  q.  699.  , 

From  Bwlch  Gwyn  across  the  Denbighshire  coalfield, 

•  the  plain  of  Cheshin,  and  the  North  Staffordshire 
coalfleld,  to  Grindtm,  on  the  Cvboniferous  limesfetme. 
D  68,  q.  599. 

Running  across  the  Vale  of  Clwyd  over  Moel  Famman, 
aoxosa  the  aonthem  part  of  the  Flintshiro  coalfield,  and 
the  plun  of  Cheshire,  three  miles  south  of  Nwwidi, 
and  by  Marton,  to  the  east  side  of  the  plain  of  Cheshire, 
thence  across  the  Millstone  Grit  and  thBCarbonifisroua 
Limestone  of  Derbyshire  to  the  coal  measotea  of 
Chesterfield  and  the  Magnesian  Limestinie  of  Bol- 
sover,  and  the  New  Red  Marl  of  WeUow  Park.  D  68, 
q.  600.   D  69,  q.  604.   D  72.  q.  617-  _ 

Vwm  Bowaen  in  Cheshire  on  the  west  to  Hurst  Moor 
in  Derbyshire  on  the  east,  by  Didsbury,  Stockport, 
Bredbmy,  and  Compstall.   D  72,  q.  618. 

Fittm  west  to  east,  from  the  Now  Red  Sandstone  of 
Dtwhill  Green,  Cheshire,  across  to  Poynton  coalfield 
and  part  of  the  lower  coal  measures  of  the  Goyt  trough 
west  of  Hayfield.   D  72,  a.  C  2?. 

From  Manchester  by  Dukinfleld  to  Tintwhistle.    D  72, 
E  27 

From  south-west  to  north-east,  from  Soreton  Heath, 
near  Lymm,  in  Cheshire,  on  the  south-west*  to  th« 
vale  of  Todmcwden,  Lancashire,  on  the  north-east,  br 
PBrtington,  Patrieroft.  Newtown,  Whitefield,  Haywood, 
■     and  Rochdale.    D  72,  q.  62?. 

From  the  mouth  of  the  estuary  of  the  Dea,aoioMtte 
Mers^,  near  Liverpool,  into  the  Lanoashue  eoalfleia. 
D73,  q.  629.  ,  , 

Fhm  the  Erevai^  Valley  Bsolwar,  across  a  part  of  the 
Dwbrshire  coalfield,  to  Foots  Hill,  south  of  Bingham. 
D75,q.636. 

Showing  the  position  of  the  Reagill  ooal  seams.   D.  104. 

Sbdimbntart  Bbdb:  , 

Lower  carboniferous,  and  the  ooal  fimnaitUfn,  attam  liiar 
maximum  devdopment  towards  the  nortb-west  ^  of 
England,  and  thin  aw^  in  tiie  vddknd  ooaiitws, 
andtowudsthesooOi-easlenioouiitiea.  D.  30,q.328. 

SnDLT  Pmwt  Works,  Pendleton : 
Wdl  and  boring  at.   D  106. 

SEI.BCTBD  ObBEBVATIONB  :  _ 

On  the  temperatures  of  sevocal  mines,  showing  some 

striking  results.   A  9.  ,  . 


SbTS: 

Of  ordnanoB  maps  pvocuied. 


P20. 


Sharlston  Colubby  : 
Experiments  made  at   A  77,  q.  1666. 
Temperature  in  bora  holes  at  dfilvent  deptiis.   A  77-78* 
q.l566.   Three  experiments  on  tonperature  in  three 
diibrent  parta  of  tiie  workings.   A  78,  q.  1567-1661. 

Ship  Asia  : 

Temperature  of  stoke-holes  in.'   A  74-77-   A  76-77- 

Sbibboaks  Collibbt  : 
Results  of  experiments  at.  A  103-104. 


Sxfabatb  Coal  Districts.   P  14. 

Sbraimg  Ibon  Works,  Belgid&i  . 
Whole  of  the  waste  gas  from  the     -  ovens  used  fat  the 
produelion  of  steam.   B  9,  g  ,y  jl7 


produelion  of  steam.   oV,n^  ij7- 
Dimcu%  of  the  loss  of  heat  k1  nPv-  ook*  owns  Boat 
by  diminishiog  the  numb^^  V^^gO^,  «Qid  «orki>S 
them  by  alternation.  B  ly  ^  pifi*^ 


Sbropshirb  Coalfixld  : 

System  of  workmg  the  coal.  C  31,  q.  903-907-  Work- 
ing, substantially  long-wall  system.  C  32,  q.  929. 
Hier  take  the  coal  out  before  them,  q.  930.  Seams 
worked  in  idmost  any  way.   C  33,  q.  984. 

Great  diffiouUr  in  determining  at  the  eastern  edge  of 
the  eoalfleia  whether  the  coal  measures  were  cut  off 
by  a  fault,  or  wheUier  by  an  old  shore  or  cliff  line. 
D  64,  q.  683. 

Shdttington  : 
Fanit  which  bounds  the  coal  measores  on  the  nortii-east 
at.  D60,  q.  550.  North  of,  tiie  occurrence  and  thick- 
ness <A  tiie  Pdmian  beds  are  very  obscure.  D  60, 
q.550. 

SiBHKNB,  Charles  William,  F.R.S. 
Evidence  of.   B  2-7-    B  34-^. 

States  that  in  applying  regenerators  he  han  been  enabled 
to  get  a  very  considerable  economy  of  fuel.  That 
'  by  tiie  regenerative  gas  frimace  the  loss  of  iron  and 
sted  is  greatly  rediwed.  That  inforior  fiiels  can  be 
used  forobfe^ing  flu  hi|;^iest  degrees  of  heat.  B  2-3, 
q.l. 

Gas  frmn  peat  and  lignite  will  give  the  same  tempemture 
as  the  gas  produoed  ftom  a  good  bituminous  coal. 
B  3,  q.  2.  Gas  eonsists,  for  the  most  part,  of  oarbonic 
oxide  mixed  wiUi  light  carburetted  hydrogen,  and 
some  pore  hy^ogen,  q.  3.  Advantageous  to  pass  the 
gas  tuongh  long  cooling  tubes,  q.  4.  When  pure 
OBibcm  is  converted  into  carbonic  oxide,  two  sevenths 
of  the  heat  is  produced  eranpated  with  what  is  produced 
when  it  is  burned  into  carbonic  acid  gas,  q.  6.  Two 
sevenths  of  the  heat  of  the  fuel  sacr^iced  in  its  con- 
version into  gas.  B  4,  q.  7-  Gas  raised  by  a  partial 
process  of  oombustion  in  toe  gas  producer,  q.  8.  Before 
the  ftiel  reaches  the  grate  it  is  pure  carbon,  q.  9.  One 
'  sixth  of  ^e  beat  lost  in  the  conversion  of  carbon  into 
carbonic  acid,  q.  10-12.  System  applied  to  iron 
manufacturing,  q.  14.  Used  lor  heating  the  stoves  of 
blastfurnaces,  q.  16.  Applied  in  the  beating  of  boilers, 
q.  16, 16. 

Applying  a  regenerator  to  a  calorie  engine,  q.  17-18. 
Full  theoretic  equivalent  of  force  for  a  unit  of  heat, 
q.  20-26.  Engines  exceeding  the  Cornish  engines  in 
du^,  q.  27-  Loss  of  heat  m  generating  steam  and 
in  ue  condenser.  B  6,  q.  31-32.  Idea  of  a  perfect 
engine,  q.  33.  Impossible  to  realize  the  full  expansive 
ect  of  the  steam  br  commencing  with  acomparativ^ 
low  temperature  and  low  pressure  in  the  qylinde^  q.  38. 
Onlr  one-tenth -of  the  theoretic  poww  of  the  fuel 
realued  in  the  best  constructed  tmfpoA,  q.  39.  Takinff 
the  average  engines,  only  one-thirtieth  of  the  who& 
theotetie  valiie  of  the  ooal  is  at  present  realized,  q.  44. 
Expansion  and  jacketing  the  pyUnders,  q.  47>  Using 
sfeam  6t  very  much  higher  pressure,  q.  48.  Believes 
that  oonsiderable  saving  of  fuel  can  yet  be  effected 
in  the  steam  engine  bv  a  better  attention  to  the 
burning  of  the  fud  under  the  boiler,  and  by  more 
carefnl  attention  to  the  engine  itself,  q.  49.  Imperfect 
combustiMi,  q.  61-62. 
Not  the  same  ma»nn  for  recovering  the  heat  in  boilers 
as  in  frimaces.  B  6,  q.  57.  Economic  effect  by  coal 
used  under  boilers  tban  under  fumacee,  q.  68-60, 
Nmetsen  twentieths  of  the  heat  lost  in  workmg  high 
temperature  furnaces,  q.  61.  This  loss  attributable  to 
imperfect  combustion,  q.  62-66. 
Point  of  ignition  of  carbonic  oxide  600*^  Fahrenheit, 
q.  67.  Proportion- of  carbonic  acid  which  would  ex- 
tinguish the  fiame,  q.  68-69.  Chief  loss  in  a  high 
temperature  furnace  is  the  amount  of  sensible  hnt 
earned  away  by  tiie  chnnney,  q.  71- 
Attributes  the  saving  arising  from  the  regenerative  gas 
foznaee  to  the  complete  conversion  of  the  cubonic 
oxide  into  carbonic  acid,  and  to  the  abstraction  of  the 
dliime  from  the  gases  T^ii^  are  pasnng  from  the  fttr> 
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SiBHKNB,  ChARLBB  WILLIAM,  F.R.S.— COS*. 

luoB,  q.  76.  Practioal  low  in  the  xegenentiTe  gaa 
Annus.  B  7,  q.  78.  83  per  cent,  of  the  theoreticBl 
nlue  of  the  fuel  ntiliaed,  q.  79-80- 
Steel  pot  melting  fiiniaces  heated  hy  the  regenerative 
gas  fomaoe,  q.  81.  The  cort  of  a  regenerative  gaa 
nimace  double  that  of  an  ordinary  furnace  of  the  same 
kind,  q.  84.  Coat  of  gas  producers  and  regenerators, 
q.  85. 

In  the  rc^nerative  ^  furnace  there  is  no  limit,  theo- 
retically and  practically,  to  the  degree  of  temperature 
that  can  be  attained.  B  34,  q.  408.  Bate  at  which 
the  gases  rirculate  in  the  furnace.  B  35,  q.  410.  Ap- 
plication to  the  process  of  puddbng  attended  with  the 
most  striking  advantages,  q*  410.  Fettiing  put  into 
the  furnace  with  pig  iron,  q.  412.  Store  of  heat  in  the 
r^enerators  which  can  be  called  into  action  at  any 
moment  to  produce  a  higher  degree  fif  heat  in  the 
furnace,  q.  413. 

Objects  to  the  use  of  puddle  cinder,  because  the  phos- 
phoms  and  the  sulphur  in  pig  metal  go  for  the  most 
part  into  it,  q.  419-420.  From  15  to  20  per  cent-  of 
the  total  amount  of  iron  burnt  in  Aeordinary  puddling 
funuoB  in  order  to  produoe  vdding  heat,  q.  422. 
Waate  of  iron  reduced  about  6  or  7  per  cent,  to 
3  per  cent,  in  the  ordinary  balling  fiimace.  B  36, 
q.  426. 

In  puddling  gr^  pig  iron  the  saving  of  fuel  aotuallr 
obtained  is  the  difhrenoe  between  24  or  25  hundred- 
weighi,  which  is  the  ordinai^consumption,  and  from 
15  to  16  hundredweight,  q.  427. 
.    Cost  of  fiunaoe,  q.  437-444. 

Would  materially  change  the  arrangement  and  position 
in  putting  down  gas  Aimaces  to  a  whole  faegt.  B  37i 
q.  445.  Application  of  the  gas  furnace  to  the  pxodne- 
tion  of  east  steel,  q.  447-448. 

BdievM  that  by  tiie  application  of  bis  processes  the 
consumption  of  coal  would  be  brought  down  one  half, 
q.  449-450.  Economy  at  these  processes  at  present, 
as  i^»da  blast  furnaces,  confined  to  the  blast,  q.  455. 
1,40(P  Fahrenheit,  higoest  temperature  at  which  the 
blast  is  at  present  ap^ied  in  the  ftimace,  q.  456.  600<* 
the  old  limit  of  the  tempraature  of  the  blast,  q.  458- 
459.  Sanng  of  ftiel  effected  by  using  a  blast  heated 
to  1.400°  would  exceed  5  cwts.  of  coke  toaton  of  iron, 
q.  461-*66. 

Large  masses  of  cast  steel  produced,  q.  467-4£9.  Kind 

of  coke  used,  q.  470-471. 
Believes  that  the  use  of  the  regenerative  furnace  has 

affected  much  saving  in  the  distillation  of  zinc  by  the 

Silesiaa  or  Belgian  process.   B  37-38,  q.  472-475. 
Has  not  applied  the  regenerator  to  copper  furnaces,  q.  476. 
Application  of  the  system  to  plate  glass  fomaoes,  and 

consequent  economy  of  ftiel,  477> 
Inferior  deaciiptions  of  ftul  utilised  by  the  gas  furnaoes. 

B  38,  q.  478. 

Siemens*  Fuknacb  : 
Its  advantages.   B  8-9. 

Used  at  the  Elswick  Iron  Works.    B  22,  q.  273. 
Admits  of  any  degree  of  heat  being  attained.    B  34, 

q.  408.   Gas  toavds  at  a  slow  rate.    B  35,  q.  410. 

More  weight  of  wrought  metal  got  out  of  the  ramace 

than  the  weight  of  pig  iron  put  in,  q.  410.   This  is 

owing  to  the  fettling  or  oxide  of  iron  put  in  with  the 

pig  iron,  q.  412. 
One  economical  effect  of,  is,  that  a  very  inferior  class  of 

is  used.    B40,  q.  612. 
Great  improvements  made  by  the  use  of  it,  in  heating 

and  puddling.    B  63,  q.  749. 
Siemens'  puddling  furnace  used  at  Bolton  Steel  and  Iron 

Works.    B  54,  q.  755-757. 
Besseraer's  principle  of  [vessure  applied  to.  B  64,  q.  897. 

Siemens'  Pbocxss  : 
Can  have  no  advuitage  simply  as  saving  loss  of  heat. 

B  13,  q.  183. 
Applic^onof.   B53,q.  750. 

SlEUENS*  RbGBNSRATOR: 

nineiple  of,  adopted  in  Cowper's  stove.  B  64,  q.  751. 
Economy  resulting  from  a  combination  of  the  gas  sys- 
tem with  it,  q.  753. 

Siemens' Sytsbm  : 
For  the  fusion  of  wrought  iron.   B  62,  q.  870-871. 

SiLBSiAN  Fbocbss  : 
Of  distilling  rinc,  less  economical  than  the  Bdgian  as 
n^^sfuel.  B37,q.473. 


EX.  n 

SlLKSIAN  FcnWACB  : 

10  tMii  of  coals  used  to  a  ton  <tf  line.  B  70,  q.  1006. 

SiLKSTONB  Coal  : 

Description  of  the  system  of  working  it.    C  37,  q.  1054. 

Long-wall  did  not  answer.  C  37,  q.  1060.  Deepest 
colliery,  240  yarda.  C  39,  q.  1005.  Recent  change 
in  tlie  syston  itf  working.   C  40,  q.  1137. 

Siller  Willie  Sbak: 
Coal  poor  of  itself.   Roofveiybad.   C45,q.  1277. 

Silurian  Strata  ; 
Permian  rocks  faulted  against  them.  Supposed  to  hare 
been  once  covered  by  the  coal-measures  of  Uie  South 
Staffordshire  coalfield.  D  53,  q.  485.  Silurian  roi^ 
of  South  Staffordshire  above  water  when  the  Millstone 
grit  and  the  lower  part  of  the  Warwickshire  coal 
measures  were  being  deposited  elsewhere.  D  54,  q. 
495.  Coal  measures  lying  directly  and  unconfimnably 
upon  them.  D  55,  q.  513.  Upper  Silurian  strata 
in  South  Staffordshire,  q.  514.  Siluvian  rocks  at 
Coalbrook  Dale,  q.516-^1.  Carboiufoous  limestone 
lying  nnconfbrmably  upon  tiiem  on  the  easton  side 
oftherangeof  HoelFamman.  D68,q.  600.  I^mpacn 
and  Company's  WMk«,  engines  made  by  them.  B  76, 
q.  1103. 

Sinking  : 

Of  shafts  for  ventilation.    A  38,  q.  618. 

At  Cidais,  proving  coal  measures  to  exist  below  thedalk, 

D  18,  a.  245-^6. 
At  Ostend,  passing  through  the  whole  cretaceous  series. 
D- 18,  q.  348. 
.  Near  the  mouth  of  the  Thames.   D  20,  q.  264. 
A  little  east  of  Middleton  lyas.  D  72,  q.  641. 

SlHKINOS  : 

Made  at  the  south  end  of  the  South  StaffDidahin  cost 

field.  P28. 

Sir  Daniel  Gooch  ; 

His  statement  with  respect  to  the  qumtity  of  ftad  co^ 
snmed  by  locomotives.    B  23,  q.  301. 

Sir  Henry  de  la  Becre: 
Sections  of  the  geolagicBl  snmgr  drawn  by  him.    D  87, 

q.  722. 

Sirocco  Wind  : 
When  dry  perfectly  supportable.  A  88.  q.  1775. 

Sketch  Mapj 
Of  the  Derbyshire  and  Yorkshin  coalfield.  D92,q,76i 

Sky: 

Coal  in.    I?  90,  q.  725. 
Slack: 

Used  for  heating  steam  boilen.  B  82,  q.  1230. 
Slate : 

At  aU  dep&B  2°  warmer  than  granite.  A  79,  q.  69. 
Tabular  view  (rf  the  tempcntuies  <^  slate  and  nanite 
at  varions  depths  in  Cwnwall  and  Devon.  A  104. 

Shall  Coal  : 
Used  in  puddling.    B  8,  q.  98 

'Ideated  formerly  as  a  waste  product,  but  now  more 
utilized.  B  10,  q.  135.  Comparative  value  cdf.  B  14, 
q.  217-218. 

Mode  adopted  with  regard  to  burning  it.    B  27,  q.  329. 
Process  of  burning  it  in  Germany.   B  75,  q.  1075. 
Used  in  the  li^e  establishments  in  London.   B  78, 
q.  1149. 

Furnaces  which  have  been  made  to  bum  small  ooal  in 

Cornish  boilers,  q.  1160. 
Very  considerable  depth  of  fire  essential  in  burning  it, 

10  per  cent,  of  small  coal  goc  in  onvmg  the  le\eh  in 

Ptaidlebuiy  Colliery.   C  4,  q.  6?. 
Made  into  coke.   C  6,  q.  107. 

10  per  cent,  left  behind  in  tiie  Iron  Works  CdlioiT.  C 14, 
q.  382-383. 

Almost  nameless  in  some  extensive  ocUioiee  whioh  are 
worked  for  ib»  sale  of  steam  coaL  C  19,  q.  561. 
And  will  not  do  fiDF  ook^  q.  563.  Stowed  away  in  the 
voridngs,  from  being  unsaleable.   C  SO.  q.  ESf. 

Defined  as  that  which  would  pass  tiiroui^  m  icnea  ot 
three-qarters  of  an  inch.   G  27,  q.  7^. 

Of  small  value  in  ShrnMhire  and  in  StaSndahire.  C32, 
q.  941. 
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More  abundantly  produced  by  increased  preasure  at 
great  depth,    G  32,  q.  947-    None  stowed  away  in 

.  Newbatfle  ColUery.   C  44,  q.  1247. 

Proportion  of  large  to  small  coal  in  long-wall  worktw 
ud  stoop  md  room  in  Sootland.  C  49,  q.  1395. 
Lanieat  quantil?  stowed  in  Sootland  i«  in  Ayrshire, 
q.  1%7-1398.  Idghtv  qnantifeiet  in  ttie  Lanarkshire 
oollwrieB,  q.  1401.  ,    «  c*. 

.Proportion  of  small  cool  in  Nfathmnberlana.  C  66, 
9.  1596.  Will  not  make  coke,  q.  1620.  Got  rid  of 
for  manu&etories  and  stationary  enrines,  &&  q.  1662. 
Furaaces  adapted  to  its  use.  C  5* ,  q.  1634.  Iwge 
coal  not  jutd  in  ordiDsry  boiler  fires  in  the  neighbour- 
hood <rf  Nwthmnberland,  q.  1639. 

Lrft  behind  in  the  Warwickshire  and  Luoestershire  omI* 
fields,  ioldy  bflMnse  there  is  no  market  for  it  C  72, 
q.2011. 

Fkoportion  varies  considerably  in  the  South  Staffwoshire 
workings.    C  78,  q.  2180. 

Shall  Coalfibldb: 
Lie  in  basins  of  Millstone  Grit  and  Yoredale  rocks.  D 

71,  q.  613. 

SmALLNKSB  Ot  THK  AnOU  OF  TUB  GoAL  MnAB0R»  I 

Orer  a  lm»  part  of  the  area  oocamed  by  the  Yockahin 
ud  D«by^  ootOfields.  D3l,q.3M. 


Shall  Scale  of  Maps  : 
Difficulties  resulting  from.   P  24. 

Bhith.  Williah: 
His  observations  in  the  ooUieries  of  Somersetshire.  D 

87.  q.  717. 

Shithy  Coal; 
Pret^  well  wwked  in  fonmr  times.   C  45,  q.  1282. 

Shoes ; 

No  real  economy  effected  by  consuming  it.  B  82,  q. 
1232. 

Shtth,  Wa«rinoton  W.   Mount  Cenis.   A  102. 

SoBO  Iron  Works.  Bolton.  B  43,  q.  Osctiaa  engines 
made  at,  eztenainly.  B  43,  q.  664. 

SOUERSBTBBIRK  COALFIBLD  : 

Whether  it  extmds  underneath  tiie  south-eastern  districts 
of  England,  and  is  in  any  way  connected  with  the 
coalfi^ds  <^  the  nortii  of  France  and  Belgium.  D  4, 
q.  1.  Dips  CKf  different  trial  ^ts  on  the  eastern  boun- 
Oftrr  ridge  of  Mountain  Umestone  passing  almost 
round  the  coalfield  to  westward.  D6,q.  10.  122.200 
■ova  covered  1^  fomutions  newer  than  the  coal 
meaauns.  Coal  measures  under  Lias  and  New  Red 
Marl  dipping  ham  12  to  13  inches  per  yard  west.q- 10. 
Coal  measure  between  Bath  and  France,  q.  13.  Coal 
measures  met  with  at  Comb  Hay  under  tile  lower 
Oolite  and  the  New  Red  Marl,  q.  16.  At  Mdls,  q.  18. 
Thinning  out  of  the  New  Red  Sandstime  alti^Bether 
towards  Mells,  q.  21-22. 

Tht  Somersetshire  coalfield  ui  ouiljer  ftf  the  great  Soatii 
Wales  coalfleld.  D  6,  q.  25. 
-  Dip  of  the  coal  measures  at  Fozoote  only  6  inches  per 
yard  north  of  west,  q.  28.   Whether  possible  to  reach 
ooal  on  the  soutii  of  the  Mendip  Hilla.  q.  35. 

Description  of  map  showing  the  zeal  extent  of  the  coal- 
field, nt^b,  south,  and  west.    D  7,  q.  52. 

Pennant  1,800  feet  tiiick  almost  evoywhere.  Workable 
coal  not  to  be  got  at  less  than  3,000  feet  deep,  q.  54. 
Limestone  dips  west  at  its  last  i^peacance  at  mme, 
Q.66. 

Codrington,  nearest  point  fromnome  at  which  the  Ume- 
Btono  has  been  seen  at  the  varftee,  ^.  56.  Dips  to  the 
nortii  st  Bleadon,  q.  61.  Supposition  that  there  may 
be  a  narrow  eastward  tiough,  q.  63.  Dip  to  the  west 
at  Comb  Hsy.  D  8,  q.  68.  Millitone  Grit  on  tiie 
vest  side  of  the  Umeetone,  q.  71. 

Striking  resKublance  of  the  structure  of  the  South  Wales 
cral  to  that  of  tiie  Somersetshire  ooal  q.  86.  Pro- 
tH^ili^  of  an  uninterrupted  extension  of  the  Welsh 
uid  Somersetshire  coal,  measures  eastward,  q.  94. 

Similar  doubling  up  and  disturbed  condition  of  tiie  coal 
in  the  Somerwtshire  coalfield  as  in  the  Belgian  coal- 
field, q.  95-97.  Great  east  and  fault  that  took 
place  subsequent  to  the  Btructure  of  the  coalfield, 
q.  103.  Continni^  of  the  coal  measures  broken  up 
by  the  rise  of  the  Mendips,  q.  104.  Kind  of  coalme»- 
•nres  to  be  expected  soutii  d  the  Mendips.    D  9, 
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q.  114.  Coal  measures  between  Wells  and  Glaston- 
bury, ^,  119.  New  Red  Sandstone  thins  eastward  in 
the  neighbourhood  of  Scunerton.  D  9,  q.  YQl.  Pro- 
faabilitws  that  the  Somersetshire  coalfield  u  an  isolated 
basin.   D  11.  q  179-180. 

Not  a  tnue  of  workable  cc«l  in  the  Somersetshire  barin 
subordinate  to  the  Mountain  Limestone.   D  22. 

Lias  directly  on  the  Mountain  Limestone,  but  no  oral 
measures  at  Fortworth.   D  25,  q.  322-323. 

Somersetshire  coalfield,  an  example  of  the  coalfields  tiiat 
form  basins.   D  31,  q.  345. 

GarbonKegraus  formations  found  upon  the  east  of  the 
Somersetshire  basin  invariably  dip  to  the  west  and 
away  fk>m  the  eastern  counties.  D  33,  q.  372.  Most 
probable  that  there  is  a  ridge  of  older  rocks  extendinf^ 
■cross  tiie  Somersetshire  coal  district.  D  36,  q.  450. 
Somersetshire  coal  basin  A  perfect  barin.  D37,  q.458. 

SoDTH  Coast  of  Africa  ; 
Thermometrical  temperature  ezpoRsneed  in  tiie  diadft 
fiom  120^  to  126°.  A  84,  q.  1676-168a 

SoirrQ  Lanoashirb  and  Cheshirb  Coal  Associa- 

TION :  N 
Tlieir  experiments  upon  the  value  of  different  coals  and 
diflbrent  boiksrs.   B  81,  q.  1204. 

South  op  Framcb  Sybtbh.   Sm  Sybtbh  op  WoRKina. 

SoOTH  Stapfobdbhire  Cqalfibld  : 
Original  ma^n  of  the  coal  producing  portion  of  thb 
co^  measures.    D  26,  q.  325.    EaBtem  boimd&ry 
feult    D  51,  q.  465.   Bed  s  in  the  soutium  part  tUn 
and  unproductive.   D  52,  q.  473. 
Section  from  Stoiubridge  to  Quinton  Church,  across  the 
southern  end  section  across  from  the  north  end  of  tiie 
Forest  at  Wyre  to  West  Bromwidi.    Fault  on  the 
west  ride  throwing  the  Upper  Red  and  Mottied  Sand- 
■tone  against  the  higher  oeds  of  tbe  coal  measures. 
Thickness  of  the  coalfield  in  its  southern  area.   D  52, 
q.  474.   Important  fault  on  the  west  ride,  q.  477- 
Estimated  thickness  of  the  Pennian  rocks  on  the  west 

ride.  D53,q.477. 
Posribility  of  the  cmdfield  deteriorating  from  east  to  west 
ondemeath  the  New  Red  and  tns  Fwmian  strata. 
D  53,  q.  482. 

Eastern  honndair  fault  tiirowiof  the  Permian  strata 
against  the  coal  measures  and  Upper  Silurian  section 
fN>m  Lw^  Tonnell  to  Compton,  at  the  south-east 
end  of  whicb  the  Permian  rodts  are  faulted  against 
coal  measures.   D  53,  q.  4B5. 

Thickness  of  the  New  Red  Suidstone  rocks  About  three 
miles  frrai  the  vestem  boundan  foult.  D  53,  q.  485. 
Thickness  of  the  Permian  rocks  west  of  this  feult. 
D64,  q.492. 

Coal  measures  nndeilie  the  Permian  strata  on  the  western 
ride  of  the  coalfleld.   D  65,  q.  509. 

None  of  the  beds  of  the  CoalbiDok  Dale  coalfield 

identified  with  those  of  tins  coalfleld.   D  66,  q.  523. 

Probable  that  tiie  beds  of  the  Staffordshire  coalfield 

ffOierallT  correspond  with  the  upper  beds  of  the 

Warwickshire  ooelfiekl,  q.  524, 
Some  of  the  beds  of  the'Coalbrook  Dale  coalfield  lower 

tiian  those  of  the  Sbdfordshire  coalfield,  q.  526. 
Ibiekness  and  contents  of  the  coal  measures  in  the 

northern  half  of  the  Staffordshire  coalfield  unknown. 

D  56,  q.  527. 

Coalfield  becomes  profitless  towards  the  south  end. 
Probable  oonneotion  of  tiie  FMcat  of  Wyre  coalfield 
and  tiie  Soutii  Staffordahire  coalfield.  D  86,  q.  702. 

South  Wales  Coalfield  : 

Presents  farilities  for  making  experiments  upon  the 
temperature  of  mines  not  to  be  met  witii  in  a  more 
levd  coontry.   A  25,  q.  399. 

Exemption  from  gas  in  the  mines  down  to  a  certain 
depth.  A  37,  q.  696.  Exudaton  of  gas  firom  the 
strata  interfering  with  the  usual  rate  of  increase  of 
tonperature  with  dqpth.  A  38,  q.  609.  Compntin(( 
the  depth  of  the  coal  strata.   A  39,  q.  630. 

Coalfield  40  per  cent,  tiiiekw  than  the  Somersetshire 
coalfield.  D  8,  q.  86.  Thicker  than  the  Bristol 
coalfield,  q.  87.  Tluckness  between  5,000  and  6,000  feet 
q.  88. 

Lower  measures  of  the  South  Wales  coalfield  rich  in 

clay  ironstone,  q.  90. 
Devonslure  ooalfirid  compared  with  the  South  Wales 

coalfield.  D  9-10,  q.  132-148. 
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South  Wales  Coal  : 
Bears  pressure  very  badly.   C  14,  q.  380. 

South  Wxlbh  Coal  Basin  : 
Not  B  tnoe  of  woriuble  cml  in  it  luboidiiiato  to  the 
Mountun  limeatone.  D  2!^  q. 

South  Yobkshirs  Coalfield  : 
System  of  driTing  to  the  extremity,  if  adopted,  nuaht 
increase  Ihe  quantify  of  larn  eou.    C  39,  a.  1103^ 
1104. 

Spiral  Drum  : 
Eaeh  turn  of  the  Tape  fits  into  a  gvoore.    A  fiS,  q.  138% 
Better  in  lifliiiK  froin  tiie  boMom,  q.  1284. 

Spirobbis  Carbonarius  Lihbrtonr  : 
Oops  out  between  Upper  Riding  and  the  Serem.  •  D  56, 
q.  521. 

Splint  Coal  :  C  48.  q.  1383. 

Spontansous  Cdicbustioh: 
Gobs  in  some      the  mines  in  the  Leicestershire  and 
Warwickshire  coalfields,  liaUe  to.   C  70,  q.  2006. 
.  Liable  to,  in  the  Son&  Stafforddiie  tiiiek  ooaL   C  8% 

q.2260. 

Stanley's  Patrnt.    B  73,  q.  1034. 
Stasbport  in  Prussia: 

.  Salt  of  potassium  mine  at,  1260  feet  deep.  A  95,  q.  1930. 
Work  has  to  be  pcrftvmed  in  it  almost  naked,  q.  1939. 

Statbhbnt : 

Of  work  done  in  the  North  Staffordshire  coal  distriot. 
P31. 

Stationery  Officx:  See  Lirms. 

Stsam  Boiler  : 
Reducing  everything  to  the  cost  of  evaporating  100  galloni 
of  water.   B  72,  q  1027.   Combination  steam  boiler 
in  which  th  we  is  a  coiuid«EabIe  economy  in  oombnstion. 

B  86,  q.  1287. 

Stbam  Boilbbs  : 
Number  of,  in  the  United  Kingdom.   B79,  q.  1167- 
1168. 

Steam  Coal  : 

Principally  steam  coal  in  the  district  of  Merthyr  lydril. 
Ci5,q.413.  Small  coal  stowed  in.  in  the  case  of  steam 
eoal,  C  19,  q.  640.  En<mnoas  quantily  of  small 
coal  left  in,  in  the  case  of  the  steam  coals  in  tibe 
northern  outcrop  of  South  Wales,  q.  569.^  No  demand 
for  liie  small  coal  in  some  extensive  odlioies  worked 
for  the  sale  of  steam  coal,  q.  661.  Steam  coals  up  to 
6  feet  in  thickness  woriced  by  long^wall,  q.  571. 

Steam  Power  : 
Ei^^ed  in  the  United  Kingdom,  and  l^ie  coals  naed. 

Stbam  Users  Association.   B  63,  q.  1240. 
Steel: 

Its  superiority  to  iron  for  boiler  plates.  Transmits  heat 
more  rapidly  than  iron.  B  q,  573.  Making  it 
direct  £rom  the  ore.   B  'lit,  q.  686. 

Steel  Boilers  : 
ni^ier^lfl  to  iron  ones ;  saving  of  fiiel  eflboied  by  tiiem. 
Will  remain  clean  longer  "titan  iron  ones.    B  43, 

q.  665-667. 

Stbbl  Rails  : 
Made  by  the  Bessemer  process.   B  60,  q.  840. 

Steep  Coal  : 

Little  of  it  in  the  west  of  Scotland,  C62,q.l483. 

St.  Etibnne  Workings  : 
System  (tf  working.   C  76,  q.  2123. 

Stoke-holes  : 

Temperature  of,  in  steamers  emplc^ed  in  tropical  regitms. 
A81-«3. 

Temperatures  observed  in  them  are  temperattires  without 
reference  to  radia^<ni.  A  93,  q.  1898.  Enormous 
draught  in  them;  temperature  of  170°  in  them, the 
temperature  of  rai^tion,  and  not  of  tiie  heat  cwducted 
by  tbe  air.   A  96,  q.  1926. 

Stoking  : 

Men  of  judgment  required  for.  B  73^  q.  1035.  Systera 
of  stoking  exceedingly  good  in  Cornwall.  B  73, 
q.  1036. 


Stoop  and  JIoom  System  op  Working  : 
The  older  system  of  working  coal  praetiaed  in  ScofSaud. 
C  46-53. 
See  System  of  Wokkino. 

Stove. 

For  heatiiur  air  on  Siemens* jprinoiiile.  B  13-14,  q.  907. 
Amotf  B,  Eoononqr  of.  B  3^-34. 
Cowper'shot  blast  stove  on  Siemens'  principle  of  nua^ 
rators.   B  53-64.  r-  -» 

Strata   lying   undbrnbath  the  Permian  and 

Secondary  Rocks  :  ' 
In  the  district  lying  between  the  south  end  of  the  Dur- 
ham coalfield  and  the  n<»th  end      the  Yorkshin 
coalfield.  D78,q.'641. 

St.  Rollox  Works,  Glasgow: 

'  Blast  and  dosed  ashpit  found  adnntageoDs.    B  51, 

q.  704. 

Sugar  Bakers  : 
Suffer  from  high  temwerature.   A  90,  q.  1823. 
Then-  use  of  coal  extravi^ant.    B  86,  q.  1281. 

Sulphuretted  Hydrogen  Gab 
Emission  of.   C  66,  q.  1911-1914. 

SUBPACB  CoNDENSORS  : 

Possible  to  adopt  them  with  ur  with  any  engine.  B  47, 
q.  637.  Advantages  of  surfiue  condensiiur.  B  84. 
q.  1269. 

Surface  Teupbraturb  : 
Affects  the  temperature  of  the  air  at  the  bottom  al  a 
mine;  that  of  the  rook  is  not  aCBBcted  by  it  bebw  60 
feet.   A  7,  q.  67-68. 

Swansea  : 
Iron  wtakM  at.   B  37,  q.  468. 

SwANwicK  Colliery  : 
A  17.  q.  219. 

Systbm  of  Working'; 

Collieries  on  the  north-west  ride  of  Manchester.   C  3^ 

Seven  fbet  the  thickest,  and  one  foot  ten  inches  the 
thinnest  seam  worked  now,  C  3,  q.  II,'  Avenge 
thickness  of  seams  from  about  a  yard  upwards,  q.  31. 

Inclinotion  of  strato,  one  to  three  and  a  hiJf.  C  3. 
q.23.  . 

Best  syston  of  working  these  coals,  driving  to  the  bonn> 
faaiy  and  working  oadEwards,  q.  24.  Driving  amd 
wondng  back  ftran  a  fitnlt  in  commencing  a  new 
colliery,  q.  30. 

Manner  of  treating  the  gaa-    C  4,  q.  36. 

Phm  of  driving  levels,  q.  38.  Distance  between  the  lerel 
and  the  air  end,  q.  45.  Ventilating  levels,  q.  47. 
Ventilation  a  question  of  the  size  of  the  airways,  q.  62. 
Rate  per  week  of  driving,  q.  67. 

Work  carried  on,  on  a  modified  system  ot  long-wall, 
q.  64.  I^^e  quantity  of  small  c«d  got,  q.  67-71. 
Size  of  riddle.  j[.  72.  Sooall  coal  vanes  in  dUEerent 
seams,  q.  77.   Proportion  of  small  coel.   C  5,  q.  82. 

Greatest  depth  at  which  WOTk  is  done.  q.  86. 

Pillar  and  stall  system,  q.  95-97.  ConcentratiDg  the 
workings,  q.  100.  Waslung  the  small  ooal,  q.  106-109. 
Gob  wall  to  keep  up  the  roof,  q.  114-115.  Serving 
the  purpose  of  a  brattice,  q.  116.  Walls  not  after- 
wards Imocked  down,  q.  117.  From  8  to  10  yards 
apart,  q.  118.  Thickness  of  the  wall,  q.  121.  Cost  of 
biiilding  it,  q.  122.  Roof  comes  down  naturally 
between  tiie  walls,  q.  124.  Walls  will  sink  into  tbe 
floor  and  come  down  togetiur.  C  ^  q.  190. 

Upper  mine  got  first  Bound  hdlowoa»WiiHnes  used, 
q.  133. 

Quanti^  of  air  going  tiirougfa  the  odlieries,  q.  137-143. 

Levels  for  the  working  places  not  drivMi  until  tbsy  an 

wanted,  q.  146.  Knowlee. 
DowIms  ooUiery.    C  12-17. 

Bitominous  vem  steam  coaL  C  12,  q.  321.  Section  (tf 
coalfield,  q.  332.  Seams  begin  at  Brithdir  and  end 
with  the  lumpy  bed,  q.  323.  Total  thickness  of  the 
coal  measures,  q.  324.  Names  of  seams  now  bong 
worked,  q.  327.  Aggre^te  thickness  at  present  in 
work,  q.  331.  Thinnest  seam  the  lumpy  vein,  16 
inches,  q.  334.  Thinnest  seam  worked  for  coal  akine, 
the  four  feet  vein,  q.  336.  Not  likely  to  become  u» 
workable,  q.  344. 

Faults  west  of  Dowlus  which  alter  the  coal,  q.  316. 

Flan  showing  the  system  of  working,  q.  360. 

Level  pillars  taken  out.   C  13,  q. 

Planck  the  Paales  seam.  014,  q.  36&-614. 
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STSTBH  or  WORKINO— MM/. 

FiUw  and  stall  gyrtem  carried  out  ertensiTely  in  many 
of  tiw  coUieneB  of  South  Wales,  q.  360.  Long-wall 

'  trtrea  a  gnuter  yield  of  ooal  per  acre,  q.  362.  More 
than  one  third  of  the  coal  wasted  hy  pillar  and  staU, 
q.  366.  Pillw  and  stall  adhued  to  in  more  than  one 
half  the  oollieries  in  Wales,  q.  372.  Great  deal  of 
trouble  to  chajifie  ijBtam  to  long^mU  at  Dowbii, 
q.  375. 

South-  Wales  coal  bears  pressure  vtirj  badly,  q.  380. 

Waste  in  small  coal,  q.  382.   More  la^e  coal  got  out 

<tf  the  long-wall  systan  tiian  of  the  [Hilar  and  rtaU 

STstem,  q.  391. 
Stall  stands  until  pillar  is  taken  out.   C  15,  q.  396. 

Quantity  of  large  coal  got  hj  long-wall  and  hy  pUlst>- 

■nd-stiiU,  q.  404. 
Ccal  washing  machinesj  q.  406.   Small  coal  in  sea-coal 

ooUicries,  q.  407. 
Leases  do  not  require  any  spedflo  waj  of  wwking, 

q.  416. 

Mode  of  working  the  seams,  q.  417.  Roof  more  injured 
upon  the  piUar-and-stall  system,  q.  418.  Power  of 
working  seams  depends  upon  local  oonsiderationB. 
C  16,  q.  428.  Machinen^will  assist  gnatlj  in  working 
the  thin  veins,  q.  438-  Great  saving  by  driving  to  the 
extreme  limit,  q.  445.  Thickness  of  working,  by  the 
long-wall  system,  q.  448.  Greatest  depth  of  pits, 
q.  w9.  Proportion  of  cod  used  for  colliery  purposes, 
q.  463.  By  working  on  Ihe  long-wall  system  the  coti 
is  in  a  much  better  state  for  market.  C  17,  q.  463. 
Tntram. 

South  Waks  and  Monmoolbshire.   C  17-21. 

Seams  woriced  as  thin  m  U  inches  in  Pembrokedure. 
C  17,  q.  486.  At  oonsideiable  depths,  a.  488.  Not 
availaUe  for  gmeral  consumption,  q.  490.  Rep<nrt  of 
coal  in  FMnbrokeebire,  q.  491.  Thinnest  seam  worked 
tor  general  consumption,  q.  492.  Workableness  of  « 
seam  22  inches  thick,  q.  4^. 

O&ir  i^ans  than  the  piUar-and-stall  tried,  and  success- 
fi^  carried  out  altmg  the  southern  outcrop  of  South 
W^es,  q.  499.  Difference  between  the  north  crop  and 
south  crop  of  South  Wales,  q.  500. 

!«>ng-wall  system  laried  extensively  at  Morfa.  C  18, 
q.  505.  ^teep  seams  all  worked  in  Warwickshire  by 
the  long-waif  system,  q.  508.  There  might  be  a 
modification  of  the  long-wall  system  in  Wales,  q.  509. 

Warwickshire  [dan  of  working,  q.  509.  Enormous 
expense  ai  supporting  a  bad  lo^,  q.  511. 

Pillar-and-stall  system  followed  in  the  antluwate  district, 
q.  515.  Quantity  of  coal  left  in  can.  be  considerably 
dimimshed  by  improved  methods  of  working.  C  1^ 
q.  543.  Mode  of  working  to  be  adopted  where  gas 
largely  abounds.   C  20,  q.  573. 

Ilan  lUuwtrating  pillaMHid-stall  ttyston,  q.  577. 

lianre  masses  «  the  seams  destrayed  by  ftults,  q.  587- 
590. 

Nothing  like  half  tiie  coal  taken  out,  q.  594. 

Old  plan  of  the  working  of  the  coal  by  leaving  thick 

pillars  at  Uanelly  in  Caermarthenshire,  q.  602. 
Advantage  of  long  work  in  steam  ooal  districts,  q.  605. 
In  long-wall  work  the  weight  of  the  roof  may  be  thrown 

exactly  on  Uie  face  where  required.   C  21,  q.  614. 

Evans. 

Poynton  and  Worth  Collieries,  CheshiilB.   C  23-26. 

Seams  woriced.  G  23,  q.  666.  Seams  unworked,  q.  666. 
Aggrwate  thickness  of  ooal  voriced  sad  unworked, 
q.  66/.  More  then  half  now  bung  left  nnwwked, 
a.  668. 

Inclination  of  strata,  q.  669. 

Lowest  depth  at  which  work  is  done.  q.  670._ 

Lancashire  system  of  working,  q.  674.  Objection  to  it, 
q.  676.   Points  in  favour  of,  q.  681. 

Flan  of  method  adopted  in  working  coal  in  Cheshire. 
C  24,  q.  GS3.  No  special  rule  can  be  laid  down  appli- 
cable to  all  seams  of  ooal,  q.  686.  Advantages  in 
having  the  upper  ranks  leading,  q.  687.  Economizhur 
pit  room,  q.  690.  Intermediate  levels  not  driven  tiU 
they  are  wanted,  q.  692. 

Fire  wnp  advant^eously  dealt  with,  q.  695. 

Angle  ^  inclinati<m  of  seams,  q.  697.  System  a  sort  of 
modified  long-wall  way  of  woi^ing.  C  25,  q.  698. 
Long-wall  woricing  strictly  speaking,  a.  699.  Greatest 
pro^irtion  of  coal  got  by  the  long-wau  ^rstem,  q.  700. 

Sy^em  of  wtnkuiff  in  Somenstshiie  is  entuehr  1oiw;^wb11 
in^,  q.  710.  Seanu  being  worked,  q.  TIL  Over- 
lying seams  left  nnwOTked,  q.  712.  Thinnest  seam 
woAed,  q.  714.   H<^g  underneath  the  coal,  q.  718. 

Woridng  a  tlUa  seam  depends  upon  Ab  selling  price  of 
the  ooal.  q.  7^.  Greatest  depth  of  woric,  q.  736. 
Sum  piopactim  of  lanje  ooal  got  at  a  greater  deptii  as 
ata  leas  depth.  .C2Cq.  733.  OrMinsef/. 
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North  StafRwdshize,  Shn^lure,  and  Cheshire.   C  31*33. 

Long-^1,  the  syston  of  working  in  North  Staffradshire ; 
a  few  seams  worked  by  post-and-thurl.  C  31,  q.  886. 
No  ^atsm  of  getting  coal  so  good  as  long-wall,  q.  887. 
Faces  made  too  long.  Sufficient  levels  not  driven, 
q.  890.  Drifts  too  long,  q.  892.  ParticuUr  on  the 
point  of  gob  walls,  q.  893.  Oushing  by  superinoum- 
bent  weight,  q-  897. 

System  chiefly  practised  in  Shropshire,  q.  903.  Roofs  of 
the- mines  tough  and  strong,  d.  904.  Way  in  which 
the  coal  is  extracted  in  Shropshire  sucoessfbl,  q.  907. 
Deepest  points  reached  in  workings,  q,  909. 

Inclination  of  strata,  q.  911.  Effect  of  weight  coming 
on  pillars.  C  32,  q.  921.  Gob  walla  not  so  effective 
where  the  strata  is  much  inclined,  q.  924.  Differencr 
between  the  system  of  working  loog-wall  in  North 
Staffordshire  and  in  Shropshure,  q.  930.  System 
changed  in  Cheshire  in  consequence  of  the  high  angle 
at  which  the  coal  is  lying,  q.  932.  No  coal  left  in  tiie 
mine  in  ^1  the  systems,  q.  939.  Coal  got  of  better 
quality  by  the  long-wall  tnao  by  the  pUlar-and-stsll 
system,  q.  941. 

Depth  at  which  little  else  could  he  got  than  small  coal, 
q.  947. 

No  difficulty  in  drawing  oitt  two  miles,  q.  954.  Wyntu!. 

Fmtion  of  the  Yorkshire  ooalfield  in  tiie  neighbourhood 
of  Bamslcpr.  C  35-39.  Ten  different  systems  of  work 
in  the  neighbourhood  of  Bamsley,  C  35,  q.  1042. 
No.  1.  Sketch  showing  a  modified  long-wall  system* 
as  worked  in  the  Bamsl^  coal.  C  36,  q.  1042.  'No.  2. 
Sketch  showing  the  old  Yorkshire  system  of  banks, 

3.  1043.  No.  3.  Sketch  showing  an  experiment  that 
id  not  succeed,  q.  1045.  No.  4.  Sketch  showing  the 
old  Yorkshire  system,  q.  1048.  No.  5.  Sketch  snow- 
ing the  modified  long-wall  system,  q.  1049.  No.  6. 
Sketch  showing  mode  recenUy  introduced  into  Bams- 
1^  coalfleM.  C  37.  q.  1051.  No.  7-  Sketch  showing 
a  system  d  woridng  tiw  Slkattme  coal  recently  intro- 
duced, q.  1054.  No.  8.  Sketch  showing  a  mtnu  that 
did  not  answor,  q.  1060.  No.  9.  Sketch  showing  old 
Yorkshire  syatun,  q.  1063.  No.  10.  Sketch  showing 
the  old  Yorkshire  system  in  the  Mdton  Fidd  coal, 
q.  1064. 

System  practised  in  Lancashire  and  CheAiire  could  not 
be  practised  in  South  Yorkshire.  C  38,  q.  1067. 
Driving  to  the  extremities  would  get  rid  of  goafs, 
q.  ion.  Tapping  the  whole  field  to  bemn  witii, 
attended  with  preliminary  expense,  q.  1076.  The  most 
economical  and  the  best  mode  of  workinir,  q.  1089^ 
1094.  ^ 

Long-wall,  as  [vactised  in  Derbyshire  and  Leicestershire, 
would  not  answer  in  South  Yorkshire.   C  39,  q.  1097- 

Greatest  deptii  of  any  of  the  collieries  in  the  Soutii 
Yorkshire  district   C  39,  q.  1105. 

Much  crushing  might  be  prevented  hy  ecomHnising  pit 
room,  q.  1113-1117.  Mammatt. 

Newbattle  Colliery,  Midlothian.   G  41-44. 

Long-widL  the  system  of  wwking  at  Newbattle  Colliay. 
C  41,  q.  1168.  Disadvantage  in  long-wall,  q.  11^. 
Roob  cut,  and  rides  bound  with  what  comes  out  of  the 
Toc^,  q.  1171.  One  pillar  left  at  bottom.  Whole  of 
the  coal  tidten  ou^  q.  1172.  Widtli  of  wcffking  fkoesi 
q.  1174.  Levels  dnven,  q.  1176.  Section  w  New- 
battle  coalfield.    C  42. 

Talung  away  the  coal,  and  stowing  the  sides  with  mbbish* 
^.  1179.  Gob  roads,  q.  1180.  No  difficulty  in  keep- 
ing open  the  level  with  roods,  q.  1188.  Size  of  level 
roads,  q.  1189.  VentiUtion,  q.  1192.  Working  the 
coal  on  the  dip  side.  C  43,  q.  1198.  Managing  the 
water,  q.  1200.  Working  lower  seam  by  down-sets  on 
the  dip  side,  q.  120?.    Working  down  hill,  q.  1214. 

Method  of  working  at  Drumore  CdUieiy,  q.  1218. 

No  gas  at  Newbattie  Colliery  but  carbonic  acid,  q.  1220. 

All  Ae  coal  hewn  in  the  Dottom  except  the  diamond 
coal,  q.  1223.  Powder  is  used.  q.  1225.  Cause  of  the 
expensiveness  of  the  transit  of  ooal  under  ground^ 
q.  1229.  Distance  that  the  npaeti  go  up,  q.  1230- 
1233.  Davidson. 

Western  division  of  Scotland.   C  46-49. 

Systems  of  wwfcing  pisctiaed  at  fweaent,  in  Sootland. 
C  46,  q.  1331.  Stoop-and-KNMn  the  older  mtem* 
q.  13^  No.  1.  Flan  of  orifdnal  stoop^noHwom 
system.  Sixe  of  stoops,  q.  1333.  Stoops  jdaced 
diagonally.  C  47,  q.  1337.  Advantages  of  stoop-and- 
loom,  q.  1339.  Loss  of  ooal  by  it,  q.  1334.  Ventilft- 
tion  by  stoop-and-xoom  as  effective  as  by  any  othsr 
system,  q.  1342. 

Plan  No.  2.  Hilars  formed  with  the  view  of  being  taken 
out  at  any  time,  q.  1344.  Width  of  rooms  driren, 
q.  1346.  Sixe  of  pillars,  q.  1347. 
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Long-wall,  most  common  ^stem  in  Sootland,  q<  1351. 
No  drivingr  to  the  extremities  and  woi4uDp  badcmtrds, 

q..l367. 

Thickneasof  seomftvorkcdin  Sooiland.   G  48,  q.  1359. 

Arengo  dip,  q.  1362.  Gnatest  depth  reachod  iiy  anj- 
•working!  in  Scotiand,  q.  1364v   No  ineonraucaaoe  at 

the  greatest  depth  reached,  q.  1365. 
LoBg-'waU  initable  fiv  the  qnwitii^  of  gaa  to  deal  vith, 

q.  1369.  No  ^reat  deal  <^  air  loatbrWa^q.  1370. 
Froptotim  d  subaideDce,  q.  1371.    Pfef^tvtiMi  of  men 

to  space,  q.  1373. 
CHioke  damp  given  out  hj  Bome  of  the  mines,  q.  1378. 
Gob  roads,  q.  1379.  ; 
VeDtilation,  q.  1?80. 
A  working  in  Ayrshire,  q.  1381. 
Holingofcoal,  q.  1384. 

Reducang  the  weight  upon  the  seam,  q.  1385.. 
Use  of  powder  for  bUsting  th^  coal  increasing,  q.  1387. 
Wedges  used  where  some  seams  are  tender.  .  C  49, 
q.  1388.   Long  levers  of  iron  for  lifting,  up  the  coal 

>    not  used,  q.  139L  Alexander. 

_  Northumberund  and  Whitehaven.   C  54-56. 

'  Two  miles,  the  greatest  distance  from  the  shaft  ai  which 
thcgr  work  ooal  in  Northamberfauid ;  mneh  more  than 
that  at  Whitehaven,  and  at  Haswell.  C  54,  q.  1528- 
1529. 

Steam  coal  wwkad  bv  the  board  and  pillar  -srstem, 
q.  1590. 

Sketch  showing  old  method  of  working  in  Northumber- 
land, G.  1531. 

Sketch  showing  present  method  of  working,  q,  1531, 

Width  of  the  boards,  q.  1532.  Distances  between  the 
cut-throughs,  q.  1533.  Size  of  the  piUars,  q.  1534. 
Small  piUars  crushed,  q.  1537-  ProportioD  of  coal 
crushed  in  pillars  in  coosequence  of  tneir  being  left 
too  small,  q.  1539.  Thickness  of  duffin  dyke.  C  56, 
q.  1543.  Throw  ci  the  whin  dyke  in  a  lateral  diiee- 
tioo,  q.  1547. 

Thickness  of  seam  of  coal,  q.  1551. 

Board  and  pillar,  8y8t«m  of  working,  at-  Whitel^ven, 
q .  1 552 .  Working  has  advanced  two  miles  underneath 
the  sea,  q.  1553-1554.  The  level  stretches  fully.thzee 
nulea  in  length,  q.  1555.  DepUk  of  the  working  beknr 
the  ocean,  q.  I066.  Coal  dips  seaward,  q.  1559. 
lliicknesa  of  seam,  q.  1660..  Certain  p«r-oenta^  left 
at  60  fathoms,  q.  1564-1566.  Shak  beds  ^ing  above 
the  co«l  aeam,  q.  1569. 

Section  showing  method  ctf  woriung  under  the  sea  at 
Whitehaven,  q.  1669. 

Dividing  ooal  into  oompsrtments.  q.  1578.  Greatest 
d^th  worked  under  the  sea ..    C  56,  q.  1590.  Tbrtter. 

Flintshire  and  Cheshire.  C  61-64.  Plan  of  working 
under  the  river  Dee  C  61,  q.  1802.  No  subsidence. 
C  62,  q.  1804.  Bed  of  the  river,  q.  1809.  Collieries 
undertheestuary  of  the  Dee,  q.  1819-1820.  Worked 
upon  the  board  and  pillar  system,  q.  1821.  These 
eoUieries  not  being  worked  at  present,  q.  1824. 
River  leaving  its  original  course,  q.  1828.  Supply  of 
coal  to  be  had  from  underneath  the  estuaiy  <n  the 
Dec  q.  1830. 

System  of  working  practiBed  in  North  Wales  abont 

Mold,  board  and  pillar,  q.  1834. 
Iiong-irall  introduced  in  the  Wrexham  and  Ruabon 

district.   C  63,  q.  1835.  . 
System  adopted  in  the  Chirk  collieries,  combination  of 

long-wall  and  board  and  pillar,  q.  1836. 
Old  plans  of  workings  very  inaccurate  q;  1838. 
Loss  taking  place  by  the  system  of  workmg,  q.  1847. 
Bench  coal  too  poor  to  be  worked,  q.  1849. 
Coed  Talon  workings,  q.  1852. 
Stipulations  in  leases,  q.  1857. 

Euloe  Hall  Colliery,  Buckley,  plan  of,  q.  1857.    Moat  of 

*  th^  pillars  got  back,  q.  1858.  Cottmgham. 

North  Wales  and  Staffordshire.    C  66-67. 

Hanmer'Colliwy,  North  Wales.   C  65,  q.  1804. 

Worked  mider  uie  estna^  of  the  Dee,  q.  1895. 

Let^  Pit,  manner  m  which  it  is  worked,  q.  1897. 

Three-TBrd  coal.  Thickneas  of  seams,  q.  1898-'IA99. 

System  of  woiUng  under  the  estnaiy  of  tiw  Dee.  Long- 
'  wall  wonld  not  do,  q.  1900.   Whole  coal  taken  out  of 
■  the  hard  five-quarter  coal  seam  under '  the  ten-yard 
drift  system,  q.  1902-1904.   Stone  coal  worked  upon 
the  Lancashire  sysfetn.  Whole  coal  taken  out,  q.  1905- 
1906.    Durhog  seam  wrought  upon  the  narrow  wicket 

,  system.  0  66-66,  q.  1908-1910.  Long-wall  tried,, 
but  had  to  be  abandoned  in  consequence  of  the  emis- 
sion of  sulphuretted  hydrogen  gas.  '  C  66,  q.  1910- 
1911.    Two-yard  Mostyn,  commenced  upon  the  wide- 

'  wicket-system,  which  was  sabseqnently  to  the  narrgw 
wii&et  system,  q.  1918, 


Leaving  the  coal  unton(died)tB-<&  ytrda  iifldar^AB. 
face,  q; '  191^1919.  Nocase  of  water  ooming  in  nttder 
.  the  system  practised,:  q.  1922. 

Recovered  land  1^  means  aS  an  embankment.  C  67, 
q.  1930^1934.'  Instance  of  lerrel  bdng  swamped  in 
canBcqnanoB  of  aidmdanoc  q-  19Bfkl936.'  Crmg. 

GodfleldBofLeiMrtenhinandWanriduhiK.  C7>-75- 

Syrtam  pnetiMd,  wbollr  hmpvaO.  C  70,  q.  2002. 
Gob  roads,  q.  2004-2006.  No  waato  tat  nOlars, 
q.2008.  No  coal  bftftrthemppart  of  toads.  q.:dkA)9. 
Diagraina  showhw  methods  of  wolrking.   C  /  L  - 

Thickness  of  the  Moira.  ooal,  and  the  pn^ortidn  of  it 
worked.  C  72,  q.  2019-2020.  Lower  part  of  the  seam 
left  in  some  of  the  mines  and  the  upper  part  in  oliben, 
q.  2024.  Large  per-«enta««  of  ooal  left,  q.  9029. 
Waste  too  great,  q.  2030.  Method  of  letting  tiu  ooal, 
q.  2035-2037.  No  ptoviiion  made  ftr  getting  the 
lower  part  left.    C  73,  q.  2054. 

Main  coal  fonns  rather  more  than  one  third  of  the  total 
thickness  of  the  coal  which  is  being  worked  liq  the 
district,  q.  2061.  Fowkr. 

South  Stsnordshira  and  East  Worcester  coalfields. 
C77-«3. 

Two  systems  of  working  in  the  thiok  or  ten-yard  coal ; 
the  more  genml  one,  the  jnllar'  -aDd  stidl  ^siem. 
C  77,  q.  2157.  Widtib  of  staHs  and  we  of  piHars, 
q.  216&-2168.  Height  for  leveb  and  headways. 
C78,q.3161.  Thidcnenirf ooal takoi in oommeociag 
the  stalb,  q.  3162.  Tapering  form  of  pillaia,  broader 
atthe      than  atthe  bottom,  q.  2166. 

Diminishing  loss  of  coal  by  the  long-wall  i^eteni,  q;  S204. 
Sketch  showing  the  long-wall  and  the  piUar  and  stall 
systems,  q.  2206.  Long-wall  confined  to  where  there 
is  a  hard  parting  between.  C  80,  q,  2209.  Adopted 
in  several  collieries,  even  where  these  is  not  tiiis  hard 
parting  between,  q.  2210.  Leaving  a  suSident  roof, 
q.  2212-2214.  Long^fvall  tiie  most  advantageous 
system  as  r^ards  saf^,  q.  2217.  The  piSar  lind  stall 
system  makes  a  Is^er  amount  of  large  ooal  than  the 

-  long'Wall,  but  there  is  less  quantity  got  as  a  whole. 
C8l,q.  2220-2221.  South  of  France  systmn,  q.  2222. 

Waste  much  greater  in  former  times  than-'now,  q.  2229. 
Pro]K)rtion  of  coal  left  bl^nd.  '  C  63,  q.  2256.'  PiUan 
•kft  for  tiie  bottom  of  the  shaft,  q.  2^9. 

Manner  (tf  dealing  with  epoutaiwoni  combnjrtion.  C  83, 
q.  2280-2283.  Bater. 

Derbyshire.   G  89^1. 

Seams  in  ^e  wh^  of  Derlmlure  worked  on  tiie  long- 
wall  system.  G  89,  q.  2414.  Coal  left  fm  roof,  forms 
but  a  small  proportion  of  the  -quantity  got,  q.  2415. 
Coal  destroyed  %  holing,  q.  2416-2419.  Levels  and 
pilhiTs.  C  90,  q.  242&-2431.  Opening  out  with  gob 
roads,  a  slow  process,  q.  243^2436.  Biims. 

Yorkshire  ;  system  of  wcffkii^  the  ganister  ootX.  Driving 
levels  and  endings  to  the  bounduy.   C  91,  q.  2476. 

Low  Moor  beds.   Worki^  Jrom  the  botmdaiy.    G  92. 

Black  bed  near  Leeds,  uiving  double  boards  to  the 
bonndary.    C  92. 

Beeston  coal.   Modified  long-wall.   C  93. 

Mode  of  working  the  Stone  coal.  Black  bed.  Little  edal. 
and  Main  oosl,  in  the  Moiley,  Gilderstnne,  and 
Adwalton  districts,   C  94. 

Middleton  little  coal  woriced  by  bords  and  banks.  C  96. 
Mammett. 
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Table : 

Tabular  views  of  results  of  observations  on  ■  tempe- 
rature in  mines,  by  R.  W.  Fox,  F.R.S.,  Wm,  Jarj 
Henwood,  F.R.S.,  and  Fairbaim.  A  9. 

Table  1,  2,  3,  and  4,  showing  results  of  observations  cn 
tiie  temperature    air  ana  strata  in  mpies.   A. 1.3. 

Experiments  made  at  AsUey  1%    Wfmaa.   A  SI. 

Observatiohfl  on  tempmture  of  :air  itnd.  atmta  the 
new  deep  pits  iit  Hidbd.-  Wtbattr.  A  !H. 

A.  Summary  id  experiments.   EUiat.  A  3a. 

B.  D.r.  EiiMt.   A  26. 

E.  C«in  Neol.  A  27.  Elliot.  ; 
H.  Nowl^degar.  A  28.  Elliot.  ■ 
i:  Vochrim  Dowlais.   A  29.  BlKot. 

C.  High  Dulfr^<   A  29.   EUiat..  1 

'  '     J.  Ironstone  Tmnes,  Dowlais.   A  30.  Slkm. 
P.  Cwnriare.   A  31.  mUot. 
~        G.  Cwmbach.   A -31.   Elliot.  . 
Temperatum  taken  in tiieJuM Pit.   A43.  A.103-106, 
ITood, 
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No.  I.  TempetatuTCt  of  HT'Cntoto  ita  Mraml  Bdgitn 

mines.   A  50.  Atkimaim. 
Partieulan  ot  temperAture,  in  mines  mosUy  in  the  CQunlf 

of  Durham.   A  64.  Afkinstm. 
Ventilation  of  a  mine.   A  59.  Atkimstm. 
DiffenQce*  betveen  the  temperature  of  the  coaj^  and  the 

temp^ture  of  the  air.    A  60.  Wood. 
Reduction  of  the  temperature  of  the  air  in  mines  by  the 

exhaust  air  from  coal-cuttii:^  madunefc  A  Wood. 
Thezmometncal  ofaMmtions  wt  Rosebridga  C6UM17. 

A  69.  Bryham. 
-IWperatims  (»f  date  and  gmnito  at  nauir  equal  dnatiu. 

A  104.  Hmwood, 
TsmperatuMs  at  mmee  in  ConmU  and  Deron  at- Marly 

enual  depths.   A 105.  Hnmood. 
TaUea  showintf  aieaasd  T^lue  of  qoal  necBisary  to  leaft 

at  rariotii  £pth8  in  mines  to  anpport  one  statute  aoe 

ofsurfiice.  .CS4-86.  FUteiar. 
Tables  showing  the  thickness  of  the  secondary  strata  in 

the  southern  counties  of  Bnffland.  D  38-50.  Briitow. 

Tammbld  Moob: 

Small  ooal  c$,  used  in  experiments  in  rerflriierBtcaT 
Aimace  at  Long  Hedge,  by  Ruaael  CHmpton.   B  2^ 

q.  329. 

Tempkbature: 

Mean  difference  of  temperature,  as  accertained  in  the 

mines  of  Cornwall.   A  3,  q.  2.   Reference  to  diagrams 

illustrating  its  variationi.   A  3,  q.  2. 
Depth  (tf  oonstant,  mean  average  temperature  taken  at 

50  feet  below  the  surface,  A'4,  q,.7. 
Of  strata.  A  18.  q.  243.;  manner  of  taldng  it  at 

Dukinfldd  Colliery.   A  21. 
C^|Mide  of  being  xeduoed,  by  TentHation,  in  minejB.  A  40- 

Counteracting  the  influence  of  hif[h  temperature  l^* 

throwing  water  on  the  men.   A  £1,  q.  944-953. 
Temperatures  of  air  enrrents  in  •emal  Belgiaa  minei. 

A  50. 

Temperature  of  the  air  in  mines  affected  by  the  warm  or 
cold  aur  brought  from  the  surface,  and  by  the  vaiyiiw 
directions  and  veloeitiea  of  the  cnnents  nndeq[mlmd. 

A  m. 

123°  in  Clifford  mine,  hot  ends.   A  97-101.    In  Mont 
Cehis  tunnel.    A  101.    In  Turkish  baths,  stoke  holes* 
and  other  hot  places.   A  81-106. 
■  Temperatures  so  hish  aa  to  exceed  human  endurance. 
See  Appendix,  A  1-106,  and  report  of  that  ofmuniitee. 

Thborktic  Effect: 

Of  a  pound  of  coal  is  to  Uft  14,000.000  lbs.  one  foot 
'  high.   B  4,  q.  23. 

Theoretic  Value  : 

Of  coaL  About  one  thirtieth  of  it  realised  in  power.  B  5, 
q.  44. 

Thiorkticai.  Valui: 

Of  carbon  consumed  in  liimaces.   B  71*  q.  1018. 

Thbrhohrtrical  Obiutations  : 

At  Roiebridge  GolUeiy.   A  64-65.  q  1168-1180. 

Thickness  of  thx  New  Red  Sandstone  Sbri^s  : 
East  of  the  Derbyshire  coalfield.    D  32,  q.  358. 

Thomson,  David  : 
Evidence  of.    B  76-79. 

Progressive  improvement  in  Cornish  Hteam-engines. 
B76,  q.  IIM. 

*  lltinks  toat  improvement  in  -  engines  may  almoftt  be 
considered  to  resolve  into  an  increase  of  pressure  in 
the  boiler,  and  carrying  out,  to  a  greater  extent,  the 
system  of  the  expansion  of  the  Bteais»  (j.  1 1()5.,  Doea 
ibDt  think  that  we  have  reached  the  Imuts  to  which 
expansion  can  be  carried,  q.  1106. 
Gnat  advance  in  the  ecoacmy  d  coal  eAieted  m  ocean 
steamers,  q.  1107.  Qnmmstancea  which'  will  give 
rise  to  a  greater  amount  of  economy  in  fiiel  without 
inereased  expenditure.  B  77,  q*  1113.  A  small  eeo- 
nomv  resnltintr  from  increasing  tne  esse  ot  the  mlinder, 
q.  1I17.  Improvement  in  engines,  enabling  uiaii  to 
perform  a  higher  dn^  with  a  smaller  amount  of  coals, 
a,  1119. 

Thinks  that  there  is  a  fair  chance  of  manual  stoking 
beinff  abolished,  to  a  consideraUe  extent,  in  Uuige  works, 
q.  1121.  Is  (^.opinion  that  there  wUl  be  a  cotain 
moderate  and  steady  progress  in  economy  of  ooal,  to  a 
considerable  extent,  ultimately,  from  what  we  are  now 
doing,  q.  1122.  Would  imagine,  that,  taking  the 
general  run  of  eufpnes  in  London,  they  are  burning 
from  6  lbs.  to  6  lbs.  per  horse  power  per  hour,  q.  1 120. 
In  large  establishments  and  water  compeniea  not 
*-   -tendng  man  tttan  S  Un.,  q.  11S6-1137. 
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Has  found  a  Cornish  boiler  with  a  fire  underneath  a  vecy 
bad  plan,  q.  1 130.  Thinks  ^at  ^  direction  in  which 
improvement  shall  ptogttM'  will  be  to  have  ifo  heat 
applied  to  the  external  casing  of  the '  boiler  at  all, 
q.  1131. 

Thinks  that  the  pressures  which  are  now  worked,  that  is 
from  40  to  60  lbs.,  in  tiie  ordinary  large  Cornish  boilers, 
go  about  as  hif^h  as  they  ought  to  do.    B  78,  q.  1138. 

'  A  considerable  degree  of  uncertainty  attending  orclinary 
trials  of  how  much  Water  "Is  evaporated  in  a  boiler, 
■q.  1148. 

Economy  effected  by  using  snudl  coal,  q.  1 149.  Economy 
realized  byimpovedmannerof stoking,  q.  1160.  Con- 
siderable depui  of  fire  essentia]'  in  burning  small  ooal, 
q.  1151.  Economy  effscted  bv  adjusting  the  depUi  of 
fire  to  the  character  of  the  coal  used,  q.  1155. 

Where  water  is  to  be  had  free  from  cost,  the  condenaang 
would  be  the  most  economical  plan.  B  79,  q.  1157. 
In  a  large  work,  where  a  great  many  tons  of  coal  are 
used,  some  additional  pay  to  an  enginemaQ  is  a  small 
item;  but  where  moderate  ponxr  is  used  it  is  very 
material.  In  &et,  sometimes  the  men's  oome  to 
more  than  the  coal ;  and  it  is  of  mndi  more  nuportance 
to  sate  on  the  men  than  to  save  coal,  q.  1161. 

'nauDiCHUH,  John  Louis  Williah,  M.D.  : 
Evidenoeof.   A  94-97- 

Has  had  mueh  experience  of  the  efltaty  of  high  artifteiB 
temperatures  upon  the  human  body.  A  94,  q.  1906- 
Has  made  a  great  manv  experiments  upon  die  subject, 
in  connection  with  the  Turkish  bath,  q.  1907* 

The  limit  of  saturated  air  in  which  a  man  can  live  is  the 
temperature  of  the  human  body.  If  a  man's  body  be 
heated  up  to  112°,  he  will  certainly  die,  q.  1908.  112° 
the  upper  limit  of  fever  heat  which  has  ever  been 
observed  in  any  person,  q.  1909.  Fever  heat  begins 
immediately  above  100°,  q.  1910.  Normal  temperature 
of  the  blood  98"  Fahrenheit,  q.  1911,  The  counter 
acting  causes  to  prevent  a  man  from  acquiring  the  heat 
of  a  surrounding  medium  are  radiation  and  evaporation, 
q.  1913.  ^ 

£vap<mtion  stands  in  direct  proportion  to  the  dryness 
and  the  heat  of  the  atmosphere,  q.  1914.  Where  there 
is  no  evaporation,  a  man  could  not  exist  in  a  temperature 
receding  100^,  q.  1917.  Iiimit  of  tei^perature  which 
a  man  oould  stand  while  emidoyed  ui'  mechanical 
labour,  during  the  ordinary  hours  ot  labour,  I0(fi  in 
dry  air,  q.  1920-1^1.  Prob^ly  oould  not  stand  nu«e 
than  90°  in  moist  air,  q.  1922. 

Description  of  experiments  on  the  highest  temperature 
tiiat  the  human  body  can  endure,  q.  1923. 

All  lunds  of  labour  rtferable  to  the  standard  of  lifting  ao 
msJiy  pounds  through  so  many  feet  in  so  long  a  time. 
A  95,  q.  1924. 

Temperature  of  170°  in  a  stoke-hole  not  the  temperature 
(tf  the  h^t  conducted  by  the  air,  but  the  temperature 
of  racUation.  Is  convinced  that  no  man  could  be  a 
stoker  in  an  aix  temperature  of  170°  without  becoming 
ve^  ill,  q.  1926.  Men  may  work  at  intervals  through 
eight  hours,  but  not  constantly  during  that  time,  at  a 
temperature  of  120°  in  a  dry  atmosphere,  q.  1929. 
'Boobts  that  men  could  work,  without  ii^ury  to  thcdr 
health',  under  the  most  &voiirable  circumstances,  in  a 
tem|>erature  exceeding  100°,  q.  1931-1932.  Would 
get  into  a  state  of  fever  in  such  a  temperature,  q.  1934. 

The  body  adjusts  itself  by  habituation  to  a  certun 
amount  of  heat,  as  well  as  of  pressure,  which  may  be 
brousht  to  bear  upon  it,  q.  1935-1936.  A  man  maj 
stand  a  temperature  at  23fr  tot  less  than  tluee  minutes. 
A96,q.  194&-1949. 

Would  1»  very  difficidt  for  a  man  to  remain  for  more 
than  an  hour,  even  without  mo^-ing,  in  a  dry  tempem- 
ture  of  140°,  q.  1955-1956,  In  ordmary  dry  air,  heated 
to  100^,  eight  hours  would  be  the  maxinium  period  of 
Ubour,  q.  1967. 

Ordinary  temperature  of  the  Turkish  bath  120°;  vay 
dry  air  must  rise  to  140°,  q.  1961. 

Were  moist  lur  a  little  above  the  temperature  <^  the 
body,  motion  would  heat  it  instead  of  coolinir  it. 
q.r966-1967. 

Mm  perspiration  without  evaporation  would  increase 
the  temperature  of  the  body.  A  97,  q.  1970. 

Top  Habo  CoALof  Dcrbyihin.  C99. 

Tract  of  Land: 

Lying  between  the  Carboniferous  roekfl  and  the  sea  coast 
of  West  Lancashire.   D  27,  q.  32?. 

Permian  strata  i^t  unconformably  on  lower  Carboni- 
ferous rocks  all  along  the  line  of  upheaval.  Triassio 
rooks  thrown  in  on  the  north  aide  of  this  CaKboni&ious 
tnctfayafiuilt,  q.327.  j  .- 
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TftATBLLIVG  EXPBHBKB  : 

Of  mining  engineers  sanctioned.    P.  9. 
Of  Commissioners  may  be  claimed.   P.  60. 

Trbasuey,  Se0  "Littbrs." 

THBDBaA.R  Colubry: 
lobular  view  of  increase  of  tempentnxe  with  depth  at. 
A  28. 

Tbbsavban  Mine,  Cornwall: 
Temperature  at  the  bottom,  325  fethoms  below  the  sea 

level.  99°.  A4.  5. 10-11. 
Snch  a  ennent  of  air  at  the  bottom  that  a  candle  could 
scarcely  be  kept  lighted.   A  7>  q>  73. 

Triassic  Rocks  : 

IHatributed  on  a  definite  plan  of  arrangement  all  over 
the  central  counties  of  England,  and  extending  into 
Lancashire.  That  arrangement  is  to  decrease  in  thick- 
ness when  traced  from  the  north-west  towards  the 
south-east.  D  29,  q.  328. 

Tburam,  Hatthbw: 
Evidence  of.   C  12-17. 

Is  manager  of  the  Dowlais  Collieiy.  C  12,  q.  320.  Has 
workra  every  kind  of  cofJ  found  in  the  north  crop, 
q.  321.  Section  of  the  coalfield  produced,  q.  322. 
Seams  worked,  and  their  thickness,  q.  323-339.  Four 
feet  vein,  a  celebrated  steam  coal,  q.  336-344. 
Sevmtl  laige  faults  to  the  west  of  Dowlais,  which  alter 
the  coal,  q.  346. 

Plan  of  the  Kaales  seam  produced.  C  13,  q.  355.  Com- 
menced working  on  the  long-wall  system  about  14 
veara  ago,  q.  358.  Prefers  the  long-wall  system  because 
It  gives  a  greater  yield  of  coal  per  acre.  C  14,  q.  361- 
362.  Pillar^nd-stall  system  adhered  to  in  Wales 
be(»use  the  men  have  a  pnyudice  against  altering  the 
system,  and  against  introdudnug  any  new  system, 
q.  374.  Had  a  great  deiU  of  di^nl^  in  introducing 
the  long-wall  system  at  Dowkua,  q.  375.  South  Wales 
ooal  bears  pressure  very  badly,  q.  ^&^1.  Proportion 
of  smaU  coal  left  behind,  q.  383-384.  PilUr-and-atall 
system  involved  a  waste  of  more  than  one  third  in 
small  coal,  q.  386.  More  large  coal  got  out  of  the 
long-wall  system  than  out  of  the  pillar-and-stall 
system,  q.  £i9l.  More  pressure  by  the  pillu-and-atall 
system  than  by  the  long-wall  svstem.  C  15,  q.  393- 
J94.    Roof  worked  by  pillar-and-atall,  q.  398. 

Reason  why  there  should  be  more  round  coal  upon  the 
loDg-wall  system  than  upon  the  piilar-andHBtall  system, 
q.  400-401.  Proportion  of  large  coal  got  by  long-wall 
to  that  got  by  pillar-and-stall,  q.  404. 

Small  coal  .left  underground  in  what  are  called  sea  end 
collieries,  q.  407.  What  is  understood  by  sea  coal 
ooUieries,  q.  410-413.  Leases  do  not  require  the  coal 
to  be  woriced  In  any  speciflo  way,  q.  415-416. 

Seams  not  iroriud  in  a  aeacending  order,  q.  417. 

Roof  more  injured  upon  the  pillar  and  stall  system, 
q.  418.  Lofls  caused  by  unequal  subsidence,  q.  419. 
F^er  of  working  seams  near  each  other  depends  upon 
local  connderations.   C  16,  q.  428. 

Veins  get  more  expensive  to  work  by  going  south,  q.  433. 

Has  no  doubt  that  machinery  will  aasiat  greatly  in 
working  the  thin  veins,  and  cheapen  the  cost,  q.  438. 

Knows  no  case  where  only  a  portion  of  the  seam  is 
brought  to  the  sur&ce,  and  the  remainder  left  behind, 
except  where  they  are  working  upon  the  pillar-and- 
stall  system,  q.  439.  Coal  left  behind  will  never  be 
recoverable,  q.  441-442. 

Brieves  that  there  would  be  a  gnat  saving  by  driving 
to  the  extreme  limit,  q.  445-446.  Whole  of  uie  steam 
colU^es  in  the  district  produce  fire-damp,  q.  447. 

Loss  great  v^en  there  is  a  soft  shale  roof.  a.  45l. 

Ifore^gH^ven  out  in  deep  than  in  shallow  collieries. 

Would  not  apprehend  a  greater  increase  of  gas  with 
depth  than  could  be  overcome  by  ventilation,  q.  461. 

Prop<Hrtton  of  coal  used  for  colliery  purposes.  C  16-17, 
qT  46^66. 

Coal  of  the  nor&em  crop  of  South  Wales  vtty  lavoiumbla 
few  being  snffked  upon  the  long-wall  system.  C  17. 
q.473. 

ToBKiSH  Baths  : 
Temperatures  at  wluch  bathers  enter  the  bath  in  Jermyn 

Street.   A  71-72.  q.  1353-1365. 
Temperature  at  which  persons  emplOTcd  in  the  ba&  woA. 

A  72-73,  q.  1370-1416. 
Exp^iment  by  Mr.  Hunt,  A  73. 

Urqnhart's  bath  at  Rickmanswoith.  Mr.  Rolland*s  bath 
at  Victoria  Street.  Experiments  made  in  them,  on  the 
highest  tempenitnn  that  the  human  body  oan  stand. 


Two  Aobs  of  Sbimolb  in  Bbloiuh  : 
Derived  from  Pftheonne  locks.  D  20,  q.  269. 

Two  Manuscript  Maps: 

By  Mr.  Godwin  Aurten.   D  78- 

TwTFOBD  Cross  : 
Depth  of  possible  ooal  measuns  in  the  neighbonrfaood 
of.  DM,q.594. 

Ttpb  Skctions  : 
Newbattle  coalfield.    C  42.    Strata  sunk  thtoui^  in 

Wellington  East  Pit,  Whitehaven  Colliery.  C  61. 
Stiatit  sunk  through  at  North  Swton  Colliery,  Noftii- 

nmberland.   C  61. 
Warwickshire  coalfield.   C  76.   Leicestemture  coalfield, 

Coleorton  district.   C  76-77. 
Moira  district.   C  76-77.   Principal  workable  seams  of 

cool  now  being  worked  in  the  South  Stsffndshire 

and  East  Worcestershire  district.   C  77. 


u. 

Uniting  Shall  Propbstibs  : 
No  power  for.   C  34,  q.  1011. 

Unproddctivb  Strata  : 
Sooth  of  Derbyshire.   D  71.  q.  617. 

Upper  Duffryn  Collibrt  : 
Tabular  view  of  experiments  on  temperature  at.   A  25. 
Temperature  at  different  depths  in  ooal  and  in  stone. 

A  26. 

Comparison  of  increase  of  temperature  with  depth  in, 
with  that  at  Monkwearmouth.  A  q.  462.  Exempt 
fimn  gas.  A  37>  q.  597. 

Upfbb  Fodr-Frbt  Mimb  : 
Good  roftf  in.   C  16,  q.  449. 

Upper  Ludlow  Rocks  : 
Uppermost  beds  of.   D  26,  q.  326. 

Upper  Tininq  Farm  ; 
Thickness  of  the  various  strata  near  it.   D  33,  q.  3/3. 

Using  Steau  : 
Of  very  much  higher  pressure  than  is  used  at  preaoit. 
B  6,  q.  48. 


V. 

Valencibnnkb  Coalfield  : 
Thins  oat  regulariy  as  it  ranges  westward,  disappnn 
before  it  reaches  the  British  Channel.   D  22.   CmI  of 
the  Boulonnfus,  a  lower  coal  than  that  of  the  Valeii- 
ciennes  coalfield.   D  23,  q.  307. 

Vale  of  Clwyd  : 
Boring  at  the  mouth  of.   D  32,  q.  362. 

Ventilating  Current  of  Air: 
Does  reduce  the  temperatnn  in  a  deep  mine  to  a  certvn 
extent.  A65,  q.  1211. 

Ventilating  Machines: 
Power  utilised  by  them.   A  48,  q.  879.   Would  mm  s 
good  deal  of  the  consumption  of  ooal  at  depths  of  400 

yaida.  q.  880. 

Ventilating  Pipes  : 
Could  be  insulated  so  as  to  be  entirely  free  from  the  beat 
of  the  mine.   Might  be  conducted  to  any  point.  A  33, 
q.  498.   Could  get  the  air  by  than  at  the  fhces  st  a 
much  lower  temperature  than  by  other  meuis,  q.  499 

Vbntilation  of  Mines  : 
Reduction  of  temperatnie  due  to  ventilation.    A  10, 
q.  108. 

Inoressiiig  the  qnanti^  of  air  in  a  mine.  A  11,  q.  114-> 
116. 

Temperature  enable  of  being  controlled  by  ventiUioa 
at  any  distance  from  the  shaft,  q.  146. 

Shaft  cooled  by  a  year's  venjilation.  A  18,  q.  242.  Ven 
tilating  engine.   A  19,  280. 

Extent  to  which  it  is  possible  to  reduoe  the  trmpentme 
by  ventilation.   A  22.  q.  330. 

Heat  in  workings  in  consequence  of  inferior  ventilabon. 
A  23,q.  380.  Improved  appliances  for  reducing  tem- 
perature. A  40,  q.  664-666.  A  furnace  as  eneetive 
as  a  fan  at  a  depth  of  about  40U  or  500  ftttmni.  A 
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49,  q.  902-905.  At  a  dqrth  of  600  fathoms  the 
fanwoe  would  have  the  advantage,  q.  909.  The 
deeper  the  mine  is  the  more  affective  tiie  flimace. 
A  60,  q.  910. 

EiMpnes  worked  hy  pneumatic  presaure.   Condensed  air 

produoee  ffreat  coolness.   A  61,  q.  941-943. 
Veutilating%y  water.   A  51,  q.  944-953.  Ventilatmg 

by  oompresMd  air.    A  62,  q.  954-957. 
Isolating  the  air  current  from  contact  with  the  strata  of 

the  mne,  q.  968-959.  Using  a  block  of  ice  ftw  cooling 

tiie  working;  surfaces,  q.  966. 
Effect  of  hewmg  machines.   A  63,  q.  988. 
Control  av«r  ventilation  bj  the  system  of  wnrkii^.  C  3, 

Gfeater  amount  at  ventilation  required  in  flre-damp  ool- 
IkrioB  than  in  otWs.   C  36,  q.  737- 

VlOTOBIA  COLLIXRY  ; 

Tempaatnre  of  air  and  coal  in. 

Vilvorob:  .      ,a  1. 

Nummolitic  strata  lie  directly  upon  rooks  (dder  tba 
coal  at.   D  H  q-  210-211. 

Vivian,  Hbnby  Husskv,  M.P.  : 

His  idea  of  ventilating  mines.   A  33,  q.  494-497> 
Evidence  of.    B  68-70. 

States  that  by  reducing  tiie  depth  of  grates  an  economy 
of  about  one  fourth  in  the  consumption  of  coal  used  ia 
the  smelting  of  copper  has  been  effected.  Produces 
plan  of  furnace  snowing  former  depth  and  present 
reduced  depth.    B  68,  q.  997. 

Grate  filled  entirely  with  coal  and  stoked  from  the  top, 
at  the  side.  His  conviction  ia  that  the  oonsumptioo  of 
their  fuel  is  so  perfect  that  it  mil  be  found  that  no 
gas  Aimaee  can  exceed  it.  Arranfpng  the  draft  so  as 
to  cause  the  melting  point  to  be  at  that  point  in  the 
furnace  where  required.  No  sort  of  advantage  found 
inapplyiog  the  blast  Nothing  but  the  smallest  cool 
usea.  Furnaces  never  show  the  presence  of  uncon- 
sumed  gases  at  tiie  top  of  the  stacks.  Area  of  the 
grates  and  cubic  contente  of  the  furnaces. 

Hu  impression  is  that  if  the  svatem  adopted  for  firing 
copper  furnaces  were  adopted  in  all  cases  at  reverba* 
toiy  furnaces  a  very  oanndoable  saving  of  co^  would 
be  effected. 

Bars  of  furnaces  so  placed  as  to  prevent  the  men  from 
tampering  with  them.  Little  nnoonsmned  coal,  or 
eoal,  falls  through  into  tite  ash-pita.   B  69,  q.  99?. 

Large  economies  realised  in  the  mannfectnre  of  sino. 
B  70,  q.  1005. 

Beeves  tiiat  the  smelting  of  noe  ore  in  blast  fhmaees 
will  yet  be  successful,  and  that  by  so  rednc&Qg  12m  ore 
and  otnidenBing  the  zinc  a  very  great  saving  in  ftul 
would  be  realised.    B  70,  q.  1006. 

Reference  to  M.  Duclos'  experiments,  q.  1006. 

His  impression  is  that  some  day  or  other  the  decomposi- 
tion of  the  carbonic  add  escaping  from  furnaces  may 
be  effected ;  but  that  it  is  so  difficult  to  carry  out  in 
practice,  that  it  cannot  be  relied«n  aa  a  probable  means 
of  saving  coal,  q.  1011. 

VoCHaiW  COLLIRBY  ; 

lUnilar  view  of  experiments  on  tanperatnre.   A  Jo. 
Ditto.   A  29.  ,  . 

Temperature  rises  SP  under  the  greatest  cover,  and  then 
diminishes  1°.  A  31,  q.  458. 


W. 

Waltkm,  William  :  ,  j.  ^ 

Aeries  of  questions  submitted  to  him  with  respect  to  tbe 
heating  of  dwdling  houses  1^  hot  water.   B  26. 

Ward,  J.  Clifton  : 
Evidence  of.   D  93-95. 

N«th  of  Leeds  the  sandstones  of  the  lower  coal  measures 
have  a  ^ery  wdl  marked  north-east  and  soutii-west 
strike.  East  and  west  fault  bounding  the  Yorta^M 
coalfield.  Dip  of  the  upper  members  « the  Third  Gnt 
aeries  directiy  west  of  ttie  Magnesian  Lmiostone  ea- 
carpment  to  Knansbarongh.  Towards  the  northern 
part  of  the  area  between  the  Yorkshire  and  tiie  Durham 
eoalflelds,  the  older  rocks  abound  more  than  in  the 
southern  part  Yorkshire  coalfield  wrapped  about  on 
the  nmtb,  west,  and  south  by  the  various  members  of 
the  Millstone  Grit,  and  bounded  on  the  east  by  the 
Magnesian  Limestone.  Great  band  of  faults  through 
ftotiieram  and  Sheffield.  A  transrene  band  <tt  lanlts 
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met  with  just  north  of  Haddersfleld.  Principal  direc- 
tion of  the  main  faults  along  the  northern  edge  of  the 
Yorkshire  coalfield,  east  and  west 
States  that  one  might  infer  from  ,the  baud  of  north-east 
and  south-west  ntults  at  Leeds,  and  from  the  direction 
of  the  Harrowgate  anticlinal  and  other  principal  dis- 
turbances in  that  neighbourhood,  that  the  continuation 
(tf  tbe  Yorkshire  coai^d  should  also  be  in  a  north- 
easterly direction ;  that  in  like  manner,  if  the  direction 
of  ^e  main  feults  in  the  southern  part  of  the  Durham 
ooalfidd  be  generally  east  and  west,  txt  north-west  and 
south*ea5t,  mtax  one,  perhaps  might  also  infer  that  the 
continuation  of  its  strike  beneath  the  unconformable 
b^  eastwards  would  be  in  an  east  and  west  or  north- 
west and  south-east  direction,  tiins  meeting  with  tbe 
continued  north-eaateily  strike  of  tbe  Yorkshire  field. 
D  94,  q.  779. 

Coal  in  the  neighbourhood  of  Leeds  has  often  a  thickness 
of  six  feet,  (^mplete  section  of  a  borehole  at  Reedness. 
Sectionof  a  borehole  at  York.  D  95,  q.  779.  It  seems 
to  him  very  probable  that  the  east  ana  west  and  the 
north-east  and  south-west  feults  in  the  Yorkshire  coal- 
field have  been  produced  generally  since  the  north-west 
and  south-east  series,  q.  781.  Similari^  of  the  general 
direction  of  the  &,ultB  along  tbe  western  edge  of  the 
Yorkshire  coalfield  to  that  of  the  Pennine  cham,  q.  783* 

Has  not  met  wHh  a  single  instance  of  ai^east  and  west 
anticlinal  in  the  Yorkshire  coalfield,  ^.  7^. 

Has  been  led  to  think  that  posnbly.a  joining  up  of  the 
Yorkshire  and  Durham  coalfields  may  take  phuw 
beneath  the  unconformable  measures,  q.  787-  Direo- 
tion  of  the  faults  agrees  with  the  direction  of  tbe  anti- 
dinals  in  the  country  between  the  Yorkshire  and  the 
Lancashire  coalfields,  q.  789. 

Warden  Law  Hill  : 
Diflierenoe  of  levd.  fimnd  to  be  slight  A6I,  q.  1101. 

Warrinqton  Slotting  Machine  : 
Slotting  by  hydraulic  pressure.    C  69-70,  q.  1988. . 

Warwickshirb  Coalfibld  : 

Seams  coming  together,  and  forming  a  thick  seam  near 
Coventry.  C  74,  q.  21 12.  Angle  of  dip  at  one  oollieiy 
near  Coventry,  45^,  q.  2113.  Total  thickness  of  five 
seams  coining  twether,  forming  one  seam  from  20  to 
25  feet,  q.  211^2115.  Lower  four  seams  worked, 
q.  2120.  Total  thickness  of  all  the  seams  in  the  Wsr- 
wicksbin  coalfield  about  60  feet   C  75,  q.  2130. 

Intervenes  between  the  Silurian  barrier  west  of  Bir- 
mingham and  the  Cunbrian  region  of  Cbamwood 
Forest.    D  26,  q.  326. 

ThickDcas  of,  compared  with  the  Manchester  coal  district 
of  South  Lancashire.   D  27,  q-  327- 

Estimated  thickness  of  the  coalfield  from  2,700  to  3,000 
feet.  Lieb  in  a  basin-shaped  form,  the  mdes  of  which 
are  cut  off  by  feults.  Coal  measures  which  come  to 
the  surface  near  Sybil  Hill.  D  61,  465.  Upper 
part  the  most  productive.  D  54,  q.  497.  Coal  work- 
ings consideratjly  extended  undoneath  the  Permian 
stiatak.    D  54,  q.  500. 

Fault  bringing  ms  Conglomente  beds  of  the  New  Red 
^idstone  against  the  ooal  measures.  West  of  the 
feult  the  cou  measures  with  coals  roll  over  eastward 
in  an  antadinal  curve.   D  56,  q.  529. 

Reference  to  thickness  assigned  to  the  ooal  measures. 
D59,  q.539. 

No  direct  indio^on  of  any  approach  to  the  original 

ma^n  of  the  coalfield,  q.  642. 
Reasons  for  supposing  that  the  Warwickshire  coalfield  is 

in  a  ba^,  separate  from  that  of  tiie  Leioeatenhira 

coalfield.   D  62,  q.  662. 

WARWicKsbiRs  Plan: 

OfwtKkingooal.   C18,  q.509. 

Wastr  Oasrs: 
Utilising  them.   B  9,  q.  106-112. 

Wastr  Hsat  op  Fdrnaceb  : 
Generally  utilised  in  Staffndahire.   B  67.  q.  970. 

Waste  in  the  Usr  : 

Of  Sonth  StaiEordshin  ooal.   B  65,  q.  924. 

Water: 

Does  not  occasion  any  great  inconvenience  at  great 

depths.    A  39,  q.  627. 
The  same  quantity  of  beat,  and  nearly  the  same  quuiti^ 

of  fuel,  will  convert  water  into  steam,  whatever  be  the 

pressure.   B  23.  q.  304. 
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Water  Mxtkkb  : 
To  niBasan  ihe  water  into  tiie  boilcn  »t  Woolwich  and 
other  large  establiahmento.   B  78>  q<  1148. 

Wkarmcuth  Collibby: 
Shafts  of,  deepest  in  tibe  Darham  district.  A  106. 

Wbbb  : 

Manaffer  of  the  Boltoa  Steel  and  Iron  Works. 
Quantitf  of  Coal  used  In  one  of  Siemens'  furnaces  was, 

in  his  judgment,  about  one  half  of  that  used  in  the 

others.   B  £4,  q.  757. 

Wbbbtbb: 

Letter  from  him  in  reference  to  olMervations  taken  at  the 
Ruabon  Coal  Company's  new  deep  pits  at  Hafod. 
A  24. 

Wbbks,  tif  Chelsea : 
Does  not  think  that  hot  water  cbnld  be  applied  economi- 
cally to  the  warming  of  buildings.   B  24, 

Wblbu  Coal: 
Not  tried  hy  Russell  Crampton.  .  B  29,  q.  347. 

Wbst  Habtley  Coal: 
Quanlaty  of  it  consumed  per  hour  in  the  fire-box  of  a 

boiler.    B  31,  q.  376. 

Wbbt,  William  : 

Coals  A«m  Cardiff  and  Newport,  costing  7'.  W.  per  .ion, 
doing  a  good  duly.   B  62. 

Wbbtmikstbb  Collibby  : 

System  of  working  in.  C  67,  q.  1949-1950.  Prejudice 
of  the  men  agaanst  working  b;  20-yard  pillars.  C  68, 
q.  1956.  Prop<Hiion  of  produce  by  tiu  old  wicket 
system,  q.  1960. 

What  kind  <tf  Gbolooical  Map  ought  to  be  pnUished. 

D96. 

Whbal  Vob  : 

Rapidily  of  cooling  in. 

See  Rapidity  op  Cooling,  &c. 


Whin  Dykes  : 
Destroy  much  coal. 


C  66,  q.  1642. 


Whitbhavkn  Collibby: 
Coal  entirely  steam  coal.  C  64,  q.  1624.  System  of 
working  under  the  sea  by  board-and-pillar.  C  66, 
q.  1552.  Work  earned  on  two  nules  nndemeath  the 
sea,  q.  1663.  Coal  divided  into  compartments,  q.  1678. 
Temperature  at  the  extreme  ftr  end  of  the  leirel  under 
the  sea  70^.   A  74.  q.  1448-1449. 

WhITWBLL  : 

Regenerators  applied  by  him  for  heating  the  blast.  B  37, 
q.450. 

WhITWICK  CoLLfEBY: 

A  seam  of  coal  bassets  against  the  bottom  of  a  bed  of 
Greenstone.   D  107. 

Wide  Wicket  System: 
Two-yard  Mostyn  seam  commenced  upon  it.   Not  safe 
to  continue  it.   C  66,  q.  1918. 

WiGAK  : 

Temperature  at  the  Wigan  fonF>fbet.  A  64,  q.  1137- 
1144. 

Coal  and  Iron  Company  find  the  advantage  of  the 
internally  fired  boilers.  B  80,  q.  1186.  Working 
men  take  care  of  good  boilers,  q.  1199-1200. 

Blast  furnaces  erected  by  the  Wigan  Coal  and  Iron 
Company  made  small  coal  very  much  in  demand. 
C  57,  q.  1642.  Whole  of  the  cannel  mine  worked 
undra  the  town.   C  87.  q.  2387- 

Wiltshire  Line  of  Disturbance  : 
Goes  out  into  the  Vale  of  Pewsey,  and  is  earned  on  along 
the  Vale  of  the  Avon.    D  19,  <].  267. 

Williams,  Walter: 

Expresses  an  opinion  that  a  large  economy  will  be  effected 
in  future  in  the  making  of  iron  in  South  Staffordshire. 
B26.. 
Evidence  of.    B  65-6/. 

Does  think  tbat  there  will  be  great  economy  in  the  use 

of  coal  eventually.   B  66. 
States  that  at  almost  all  the  hot-blast  furnaces  in  South 

Staffordshire  the  system  of  taking  the  gases  from  the 

furnaces  is  introduced  with  very  considerable  economy. 

B  65,  q.  919-820. 


His  opimon  is  that  it  is  cheaper  to  bum  the  dials  and 
co^  Qombined.tban  to  separate  the  shale  from  the  ooai, 

.  and  buim  the  oo^  separately,  q.  925. 

Opinions  of  Mr.  Homir^'s  process  for  sepuating  the 
bats  from  the  coal  B  65-66,  q.  926-937.  Enabled 
to  work  common  coal  on  account  of  wages  being  low. 
B  66.  q.  941.  Seam  wcvked  at  a  waste  at  30  per  oeoL, 
and  worked  at  a  greater  economy  than  if  a  b^to-  seam 
were  used,  q.  947.  Working  seams  formerly  neglected, 
q.  963.  l^rge  and  small  coal  used  mixed  In  the 
reverberatory  fhmaoes.  B  67,  q.  369-361.  Manner 
of  using  slack,  q.  962. 

Grates  \-eiy  deep,  q.  965.  No  advantage  fiaand  in  uimig 
shallower  grates,  q.  966.  Hie  men  will  nndertalca  the 
'  neoeBsary  extra  labour  leqniied     thwn,  q.  968. 

Found  that  in  many  instances,  in  unng  vaate  haat,  tiu 
waste  of  the  iron  was  far  greater  tlun  liie  saving  <i 
flid,  q.  971. 

WiLMBR,  FbEDBBICK: 
Evidence  of.   A  26^1. 

Bitates  that  he  has  made  experiments  wi^  the  view  at 
ascertaining  whether,  in  the  same  oolliery,  the  tempe- 
lature  varies  with  the  superincumbent  strata,  and  that 
in  all  instances  it  has  been  found  to  do  so.    A  25, 

a.m. 

Tabular  views  of  renilta  of  ezpeiimentB  at  Upper  DnBetfn, 
Lower  DufflBryn,  and  Cwm  NeoL  Chnnions  with  re- 
spect to  these.   A  26-27.   Tabular  news  of  results  of 

experiments  at  New  Tredegar,  Vochrin,  Don^ais,  and 

High  Dufferyn.    Opinions  regarding  them.  A, 28-29. 
Tabular  views  of  results  of  experiments  at  ironstone 

mines,  Dowlais,  Cwmdare,  and  Cwmbach.   A  30^1. 
Reduction  of  temperature  by  gas  coming  off  under  great 

pressnre.   A  38,  q.  699-602. 

Winnings:' 

Leaving  barriers  between  them.   A  40,  q.  661. 

Witnbssbb.    List  of,  wt<h        pages  at  whidi  their 

evidence  is  t^  be  found : 
Allan,  James  Brand.   A  84-89. 
Anderson,  John.    B  71-76. 
Alexander,  William.   C  46-6S. 
Araott,  Neil.   B  33-34. 
Atkinson,  John  J.    A  46-53. 
Armstzong,  Sir  William.    B  20-27.  • 
Baker,  James  Philip.    C  77-83. 
Beattie,  Joseph.   B  67-€3. 
Bell,  Isaac  Lowthian.    B  10-16, 
Bessemer,  Henry.   B  59-65. 
Binns,  Charles.    C  89^^91. 
Booth,  Isaiah.   C  87-89. 
Briatow,  Henry  William.   D  33-87. 
Brown.  John.   A  77-80. 
Bryham,  William.   A  63-69. 
Cottingham,  Thomaa  L.  C  61-64. 
Cowper,  Edward  Alfred.   B  &»~69. 
Crampton,  Thomas  Russell.    B  27-32. 
Craig,  William  Young.   C  66-70. 
Davidson,  James.   C  41-45. 
EUiot,  George.    A  25-41. 
Etheridgc,  Robert.   D  7-10. 
Evans,  Thomas;   C  17-21. 
Fairbaim,  Dr.  William,  F.R.S.   B  48-^, 
Fletcher,  Herbert.   C  83-86. 
Fletcher,  L*vington  E.    B  79-83. 
Forster,  George  Baker,  M.A.    A  73-74. 

C  64-61. 

Fowler,  George.    C  70-77. 
Geikie,  Archibald.   D  89-91. 
Godwin-Austen,  Robert.'  D  12-22. 
Greaves,- Charles.   B  83-86. 
Green,  Alexander  Heniy.   D  92-93. 
Greenwell,  George  OsmanUm.   C  23'3\. 
Howell,  Heniy.   D  91. 
Hull,  Edward,  F.R.S.   A  12-16. 

D  25-33. 

Hunt,  Henry  Wiffiam.    A  71-73. 
Hunt,  Robert.   A  a-9. 
Hick.  John  C.  E.,  M.P.   B  43-48. 
Jordan,  iTiomas.    B  '85-87. 
Knowles,  John.    C  3-11. 
Lord,  Mostyn.    C  22-23. 
Lovell,  Henry  Preston.    A  81-83. 
Lupton,  Arnold.    A  16-19. 
Mammatt,  John  Edward.    C  35-41. 

C  91-96. 

Murray,  Thomas  Thoropaon.    A  74-76. 
.Murcbison,  Sir  Roderick  Impey.    C  22-2o. 
MenelauB,  William.  B  7'10. 
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Noble,  Gaptun  Andnw.   B  38-42. 
Oldknoir.  Reft^nald  Charles,   A  76-77- 
Paul',  Dr.  Beiljamin  Horatio.    B  60. 
PfaiUips,  Professor  John.    D  78-89. 
PMstwioh,  Joseph.   D  4-6. 
Ramwr,  Frofcasor  Andmr  Crombie.   D  10-12. 

D  37-76. 

Sandersoii.  John  Bnrdon.  A9(M3. 
Siemens,  Charles  William.   B  2-7. 

BS4-«. 
Thompson,  David.   B  7<>-79, 
■  Tnmm,  Mattbew.   C  12-17. 
Tbudichnm,  John  Lonis  William.  A  94-97. 
Vivian,  Henry  Hnaeey.   B  68-70. 
Waid,  J.  Clifton.  D9a-96. 
Williams,  Waher.   B  65-67- 
Wilmer,  Frederick.    A  25-^1. 
Wood,  Undsay.   A  41-46. 
M         „        A  60-63. 

A  70-71. 

Wynne,  Thomas.   A  20-23. 

031-^. 

For  faiduig  paints  of  evidenoBy  sm  Allan,  James  Brand, 

&o. 

Wolff's  Pbinciplk  : 

Carrying  it  out.  B49,q.673. 
Wood,  Lindsay  : 

Evideuee  of.   A  41-46. 

Is  t)ie  viewer  and  manago  afc  Hetton  Collien^.  A  41, 
q.  675.  Has  made  some  experiments  upon  the  iacrrase 
of  temperature  in  mines,  ftud  upon  the  effect  of  ventila- 
tion in  contrdling  that  tempraature,  q.  678.. 

Sue  experiments  taken  at  the  working  ftcea.  A  4ii/q<  634. 

Deduces  ttom  hU  observationB  made  in  Jane  {ot,  Hetbm 
CollieiT.  tiai  thwe  is  an  increase  tji  temperature  of 
one  d^^ee  for  every  63  feet  of  depth,  q.  696-69?. 
Calculated  temperature  and  observed  temperature  very 
c^ssely  similar,  q.  701.  Difference  of  temperature  in 
the  current  and  out  of  the  current  inconsiderable, 
q.  7(^-  Difference  in  the  inctease  of  temperature,  with 
a^hfrom77tol00feetperdegree,q.714.  Variationin 
the  qiianti^  of  air  per  cuoic  foot  per  minute  circulating 
in  a  mine,  q.  720.  Thitiks  that  the  temperature  of  the 
working  foces  nught  be  reduced  2  or  3  decrees,  q.  725. 
Greatest  reduction  of  temperature  effected  by  a  oertun 
amount  of  ventilation,  q.  726.  5,000  cubic  feet  of  air 
not  a  lai^e  circulation  if  there  are  many  men  in  the 
working  faces  over  whom  it  has  to  pass.  A  43,  q.  729. 
Limit  defioing  the  greatest  increase  of  ventilation  that 
could  be  effected,  q.  731.  Rate  of  increase  of  power 
necessaiy  for  |»N>ducuig  an  increase  of  current,  q.  732. 
Thinks  that,  «4iere  the  distanee  of  the  woriung  Jaoes 
from  the  skdt  is  great,  it  woold  be  difficult  to  increase 

'  the  air  in  such  qvaotitiea,  so  as  to  cool  down  the  current 
below  ibe  temperature  of  the  coal  more  tiian  2  or  3 
dcgTMS,  q.  734.  Iliinks  that  means  might  be  taken 
to  pevent  to  a  certain  extent  the  air  becniung  heated 
as  it  passes  through  the  main  airways,  q.  739. 

Temperature  of  the  air  at  the  surface  bas  no  effect  upon 
the  temperature  of  a  mine  in  deep  pita,  o.  740-/41. 
Temperature  of  the  air  after  it  has  passed  the  working 
lace,  q.  742-747-  Table  delivered  m,  showing  tempe- 
ratures ts^en  in  the  Jane  pit,  Hetton  Colliery.   A  43. 

Putting  water  into  the  holce  in  taking  the  temperature  of 
the  coal.  A  44,  q.  755-760.  Reduction  of  temperature 
caused  by  tiie  coal  having  been  exposed  for  a  series  of 
years  to  a  lu^e  qnanti^  of  air,  pasung  it  at  a  high 
velocity,  q.  774.  Deductions  based  imon  the  asaum^ 
tion  that  the  constant  temperature  of  the  ground  is  BXP 
at  60  feet,  q.  780. 

Reason  fin  taking  the  experiments  in  water,  q.  783-784. 

Thinks  that  die  tempenture  at  470  lathoms  would  be 
98°.  A  46,  q.  790.  Thinks  that  at  this  tenmerature 
men  could  work,  but  would  not  be  able  to  oo  much 
more  than  half  the  unount  of  work,  q.  793. 

Hiinks  that  after  the  current  of  air  got  beyond  blood 
heat,  to  increase  the  quantity  of  it  would  tend  to 
enervate  the  man,  q.  796.  Thinks  that  at  a  depth  of 
3,000  feet,  the  extra  cost  due  to  the  increase  of  tempe- 
rature would  not  very  much  increase  the  expense  of 
working  it,  q.  797- 

Depth  at  which  the  tempenture  becomes  so  great  as  to 
render  it  impossible  to  w<»k  coal,  q.  800. 

Mechanical  methods  of  hewing  to  be  looked  to  in  the 
event  of  having  to  wtnrk  com  at  great  depths,  q.  80^ 
807.  Cost  of  bringing  the  air  to  the  worfcing  £mxs  at 
great  depths  would  be  excessive,  q.  808. 

Ventilation  in  connection  with  the  long-wall  imd  tibe 
pillar-and-stall  ^stem,  q.  810-815.  Temperature  of 
an  old  mine,  q.  817-818. 

4  F4 


Considen  tliat  the  air  can  be  kept  under  better  oon^ 
in  board-and-sttdl  system  than  in  long-w^.  A  46, 
q.  824.  Deepest  seams  the  easiest  to  work,  q.  828. 
Thinks  that  a  greater  surface  would  be  exposed  upon 
the  pillar-and-atall  system  than  upon  the  loug-wall 
^stem,  q.  838.  Thii^  that  beyoim  a  temper^ure  of 
w°  the  amount  of  waA  that  mm  could  do  would  be 
very  little,  q.  846. 
Hu^^^pcometrie  abamations  in  deep  mines.  A  103  to 

Woodcuts  : 

No.  1.  Lower  levels  of  Clifford  Amalgamated  Mines, 
Cornwall,  showing  present  tempenture  of  ur  and 
water  at  different  places.    A  4. 
No.  2.  Transverse  section  upon  the  hot  lode.   A  5. 
Upper  Dufiyn,  Lower  Dufiyn.   A  26. 
Cwm  Neol.   A  27. 
NewTred^.   A  28. 
Vochrim,  Dowhtts.   A  39. 
High  Duffiyn.   A  30. 
Cwmdani,  Cwmbaeh.  A  31. 

Method  of  worUng  the  seams  in  the  Warwickshire  and 

JUeioeBtershire  coalfields.  C  71. 
System  of  working  in  Yorkdiiie.   C  92-94. 

WooLWicfi.   B  71,  q.  1013. 

Wohk: 
Done.  P.  54. 

To  be  done.    P.  54-^5. 

WORKABLB  AND  UnWORKABLB  SbaMS  : 

No  way  of  deciding  what  seams  of  coal  are  workable 
and  unworkable.   C  51,  q.  1453. 

Workable  Coal  Mbasurbb  : 
Itise  from  underneath  the  Permian  stiwta  in  tbe  neigh- 
bourhood of  Mancheeter.   D  69,  q.  604. 

Wobkino  : 

Eight  hours  in  a  temperature  dt  120°  or  130°,  and 
remaining  the  rest  of  the  24  hours  in  a  moderately 
cool  temperature,  not  unfiivourable  to  longevity.  A  89, 
q.  1802. 

In  air  saturated  with  moisture,  impossible  at  a  tempe- 
rature of  100*>.   A93,  q.  1904. 

Working  Facbs: 
In  Jane  Pit,  Hetton  Colliaiy.  A  42,  a.  6S4-726. 
Difficult  to  increase  the  ab  so  as  to  cool  down  the  current 
below  the  tem^peratnre  of  the  coal  when  the  distance 
frtnn  the  shaft  is  too  great.  A  43,  q.  734.  Approach 
air  oourses  continually  cooled  by  the  air  passing  along 
them,  q.  738.  Means  might  be  taken  to  prevent  the 
air  being  heated  as  it  passes  through  the  main  airways. 
A  43,  q.  739.  Current  of  73°  in  the  working  face. 
A  44,  q.  754.  Proportion  of  the  men  and  boys  em- 
ployed in  the  working  faces,  q.  765.  Working  faces 
under  a  hill  600  feet  above  the  level  of  the  sea,  q.  771. 
Temperature  at  a  depth  of  2,820  feet  assumed  to  be 
98^.  A  45,  q.  790.  Greater  quantity  of  air  got  in 
one  body  at  the  working  faces  by  long-wall.  A  45, 
q.  81&  Cooling  the  work  and  surfhcea  by  a  block  of 
ioB.  A  62,  q.  966.  Temperature  of  the  air  after 
passing  the  working  feces.  A  66,  q.  1238rl242. 
60,000  cubic  feet  of  air  passing  the  working  faces. 
A  66,  q.  1244-1246.  Working  iaces  coming  back- 
wards. A  67,  q.  1249. 
Temperature  matmally  reduced  at  them,  at  a  depth  of 
600  yards,  q.  1256.  Possible  to  bring  the  temperature 
of  toe  Mr  at  them  10°  below  the  temperature  of  the 
coal.  A  68,  q.  1295-1296. 
Building  walls  along  the  edge  of  them  to  convey  the  air 

there.   C  4,  q.  36. 
Between  each  level  left  on  the  line,  and  all  brought  back 

t<«ether.    C  25,  q.  709. 
Ma£  too   long.    C  31,  q.  &<)').    Widths  of.    C  41, 
q.  1174. 

Workington  Colliert: 
Sea  finding  its  way  into  it.   A  40,  q.  661.  C  66,  q.  1573. 

Wright,  C.  Ttldbh,  F.6.S.: 
HM^jiestodroular  A  1.   A  103-104.;  to  cizeular  Cl. 


Wriobt,  Hbnkt: 
As  to  Mont  Cmis. 


A  101. 


Wtnkr,  Thomas  ; 
Evidence  of.   A  20-23.   0  31-36. 
Experiments  made  at  the  Astiey  Fit  o!  the  Dukinfldd 
Colliery.    A  20,  q.  289.    Tabular  view  of  experiments. 
A  21.  Cooling  of  the  ooUieiy  rinoe  it  was  sunk,  to 
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Wtnnk,  Thou ar — con*. 

the  extent  of  nearly  10^.   A  21>  q.  298.   Manns  of 

taking  the  observations,  q.  299-304. 
Inorease  of  distance  from  tDe  ifaaft  produces  insnase  of 

temperature,  q.  320. 
Increasing  the  quantity  of  air  drculaluiff  in  a  mine 

capable  of  redocing  the  temperature.   A  22>  q.  328. 

Possibility  of  gieatfy  reducing  the  temperature  hy 

ventilation,  q.  330-3^.  Vaiiaticm  of  the  tempemfcure 

at  the  surfuw  and  at  the  bottom  of  the  mine.  q.  350- 

353. 

Draws  the  inference  that  a  thorough  ventil^on  will 
reduce  the  working  properties  of  a  mine  to  a  state  in 
which  a  man  can  properly  w<»k  if  it  is  1000  yards 
deep.  A  23,  q.  3/0.  58,000  cul>ic  feet  of  sir  per 
minute  ciroulated  through  the  mine,  q.  371.   At  a 

■  considen^de  depdi  inwud,  the  externsl  tempeiaturo 
seems  to  make  no  difference,  q.  376. 

Does  not  see,  that  as  far  as  temperature  goes,  that  thwe 
need  he  any  limit  down  to  1500  yards,  q.  379. 

Has  never  seen  a  mine  improve  in  quality  after  it  was 
100  yards  deep,  q.  383.  Has  found  the  increment  of 
temperature  vary  according  to  the  different  strata 
which  have  been  gone  through,  q.  392.  1^  in  80  feet 
increment  of  temperature  in  Dukinfield  CvSHerj, 
q.  392-393. 

System  of  working  in  North  Staffordshire  geoerallj  the 
long-^waD  s^tem.  C  31,  q.  886.  Does  not  know  of 
any  system  of  getting  coals  so  good  as  the  long-wall 
system,  q.  887' 

Knows  of  no  seam  which  has  been  worked  by  the  long- 
wall  system,  and  in  which  that  has  been  given  up, 
q.  888.  Fault  of  making  the  working  faces  too  long, 
q.  890.  Particular  upon  the  point  of  having  good 
gob  irallB  built,  q.  893.  Driving  to  the  fer  end,  and 
bringing  the  coals  back,  q.  895.  System  of  working 
practised  in  Shropshire,  q.  903.  Considers  it  succesfr- 
ful,  q.  907. 

Working  coal  at  a  depth  of  770  yards,  q.  909. 

Coals  injured  by  bringing  the  weight  on  to  the  pillars. 

C  32,  q.  920-921.   Difficulty  of  supporting  the  roof 

hy  gob  walls  in  consequence  of  dip,  q.  924. 
Difference  in  the  svstem  of  working  m  North  Staffbrd- 

ahire  and  Shropsnire,  q.  930. 
Sjntem  of  wwking  changed  in  Cheshire,  in  oonsequenoe 

of  the  high  angle  at  which  the  ooal  is  lying,  q.  392. 

Coal  of  better  qualify  got  by  the  long-'wall  than 

the  piUar-and-st^l  system,  q.  941. 
Small  coal  much  more  valuable  in  Lancashire  than  it  is 

in  Shropshire  or  Staffordshire,  q.  944. 
A  limit  to  the  depth  of  working  would  arise  from  the 

ooal  being  deteriorated ;  but  ;t  must  be  a  great  depth 

before  tlut  would  be  the  case,  q.  948.   System  of 

working  going  on  which  causes  a  greater  amount  of 

small  cofll  thui  there  ought  to  be,  q.  952. 
Could  win  an  area  of  four  miles  in  diameter  from  one 

pair  of  shafts,  q.  956. 
Intermediate  levels  not  to  be  driven  until  just  at  the 

very  time  when  thOT  are  wanted,  q.  967. 
Conla  point  out  a  thousand  acres  left  as  barriers  ribs. 

C  33,  q.  969. 

Loss  arisug  from  seams  bang  left  on  account  of  there 
being  too  much  earth  between  them  to  make  them 
wcnkahle  at  a  profit,  q.  966. 

Approves  ti  letting  ooal  by  die  foot  thick  per  acre,  rather 
^an  1^^  a  tonnage  q.  !^3. 


wr— T 

Has  (rftcn  had  conversations  with  Mr.  Smith  Quid  about 
a  common  drainage  of  four  or  five  ot  wiy  numba  of 
propriet(»8,  and  he  is  astonished  that  there  is  not 
-  something  done,  q.  976.  .Getting  rid  of  water,  q.  978. 
Does  not  think  that  there  would  be  an  objection  to 
comckon  drainage,  q.  979.  Some  arbitration  fixed  to 
make  compensation  for  dsnuge  to  property,  q.  981. 

Orda  of  working  the  seams  in  Nntn  Staffordshice  and 
Shropshire,  q.  963^. 

Leues,  q.  986^7. 

Sorious  ii^ury  to  tiie  coal  1^  b^inning  at  ibA  bottom^ 
instead  of  working  downwuds,  q.  989. 

North  Staffordshire  district  a  rich  district  C.  34,  q.  992. 
Small  seams  that  could  be  worked  at  a  profit,  q.  993. 

Lesst  loss  of  life  with  the  worst  roofs,  q .  998. 

Has  known  100  yards  left  aU.  round  a  building,  q.  1000. 
An  enormous  amount  of  litigation  about  ooal  left  to 
support  buildings,  and  the  amount  of  oompeosation 
that  should  be  awarded,  q.  1004.  Choosing  an  arbi- 
tration, q,  1007.  No  oblintion  in  the  leases  to  choose 
an  arbitrator,  q.  1006.  Few  oases  when  300  aerea 
belong  to  one  man,  q.  1010. 

No  power  to  unite  small  propnties,  q.  1011.  Impossible 
to  geta  suffioientiy  large  area  for  deqi  winniiws.  q.  1012. 
Old  workings  filled  with  dead  water,  q.  1016.  En- 
croachments  of  water,  q.  1016. 

Is  of  ojnnion  tiut  there  onght  to  be  a  plsoe  in  evny 
district  or  oounfy  in  which  to  deposit  plans  of  work- 
ings. C  36,  q.  1017.  Never  fotmd  any  dilBonlfy  in 
getting  a  good  plan,  if  he  asked  fiir  it^  q.  1019. 

Delicacy  on  the  part  of  ctdlieay  owners  in  lettinff  others 
see  where  their  workings  extend,  q.  1020.  Not  mflt- 
cient  care  taken     plans,  q.  1023-1024. 

KeepingrecoM  of  provit^  difterent  coalfields  hy  txxeholea. 
q.  1025-1029.  Boreholes  put  down  through  quick- 
sands, q.  1031-1032.  Does  not  think  that  auythmg 
should  be  done  to  interfere  with  the  ooalnnmets  com- 
mercially, q.  1034. 

Deposit  office  for  plans,  q.  103?. 


Yard  Main  I^eam  : 
Has  been  worked  to  a  small  extent.    C  9,  q.  233. 

Ynyhckdwn  Iron  'Works  : 
Experiment  by  Mr.  Samuel  Blaokwell.   B  9,  q.  118. 
Ton  of  pig  iron  produced  from  a  ton  of  anthmehe  coal. 

B  10,  q.  120-122. 

YORKSHIRB  CoALriBLD: 

Plans  showing  the  system  of  working.   C  35-37* 
Highest  bed  of  Sandstone  existing  in  the,  coalfield 

known  as  the  Ackworth  Rock.    D  92,  q.  7641 
Probability  of  the  beds  rising  at  an  an^  smaller  tiian 

that  of  their  western  basset.   D  92,  q. 764. 
Counter  lying  north  iof.   D  93,-q.  779. 
Area  lying  between  it  and  the  Duilutm  ooalfidd.   D  94, 

q.779. 
Geological  nup  of,  q.  779. 

Its  continuation  in  a  north-easterly  direction,  q.  779. 
Faults  going  uMihwards  in  the  Millstoiie  Grit,  from  the 
edge  erf  tiie  coalfields.   D  95,  q.  786. 


muled  hy  OxoBOX  B.  Etri  and  Wnxuv  Spottuwoode, 
Pmters  to  the  Qaeen's  most  Ezcdlent  IC^Jes^. 
Vat  Her  Vit^mtfa  Btationery  Offioe. 
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